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ABSTRACT

d ~ \\‘- e " P

Two cytotoxic T cell (CTL)-specific genesv, 'rcfcrrccl to‘as B10 fnd Cl 1,‘ wore
isolated from a cDNA library oy differential hybridization screening. In a panel ol colls
Ktestcd both clones were cxpressed cxcluswcly in cytotoxic T cclls Thmr exprossmn was |
induced in activated T cells, in parillfl_)&'lth but preceedmg the mductlon of lytic activity.
DNA sequence analysis revcalcd that the two gyes are remarkabl)& homologous to each
other and appear to encode serine proteases of novel substrate speclﬁcqy. .Annbédles were
generated against the predicted prootein product of the C11 mRNA. These yvcre used-to :
localize the protein tot thc charactveristic CTL-granules, which possess the lytic. activity of
the cells. The correlation of expression with' cytotoxic activity and locahzauon to granules
‘§uggest that thes¢ two CTL- spec1ﬁc genes play an 1mpor1ant role in tar t ccll lysis by
CTL. | , . 7 -

' . ) . ‘ .
The genes corresponding to the cDNA-ctones were isolated from genomic D‘NA
élibran’es and a preliminary map of the exon/in'tron,’vgene orgaﬁizzftion .'was. deduced for C11. \
Regulation of B10 and Cl1 expfession oécurs at the level gtra’hscliption therefore
_possible regulatory sites were identified by DNase I hypersensmvc)sue mappmg The B10
and C11 genes were DNase I sensitive in dxffcrentlated T cells, but not in thymus or B
cells. Furthermore, in CTL at least two DNase I hypcrsensm\{c sites existed in the 5’
upstream region of each gene. Based on these results, a model is proposed in which iho :
B10 and Cii genes are controlled, first by a change é chromatin conformation in™

differentiated T cells, then by the binding of a Cl'L-sch:iﬁc factor which leads to formation

give sites, and finally by the -bindin_g of an inducible factor which allows

+

,cher related cloncs were identified by homology with C1.1. One is cxpresscd
~ F 8

in antigen- mdepcndent cytotox1c T cell lines and in helper T cell lines with cytotoxic
activity. The other appears to be natural killer cell-specific.

v
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CHAPTER 1
INTRODUCTION oo

A. THE g}gUNE SYSTEM

L

1. Function

4 : ,

. The 1mmune system 1s the bodys active defeffse against invasion by cells or
matenal Tecognized as forexgn In primitive organisms d fence mechanisms exist in which
self can be distinguished from non-self, but the response usually consists Slmpl_\’ of
avoidance of or, more drastivcally. phagocytosis of the invader. Vertebrates have developed
a system much more sophisticated in its degree of specificity and manner in which the
effector functions are carried .t and regulated.‘ The ?node of processing stimulatory
| signﬁs is'more complex, and the system is able to retain a memory;of antigens eﬁcoumércd
‘and responds faster upon re-exivdsure to the antigen. This complex response requires a -
network of cells whi;‘h interact, either directly via cell-cell contact or indirectly via secreted
fa‘ctors. Their collaboration serves to clear the body of environmental contaminants,
viruses, parasites, bacteria or the body's own . = s which have acquired foreign

.

characteristics due to infection or malignant transformation. Thus, an understanding of

how these cells function has important biological implicétions and clinical applications.

2. Cells of the Immune System

The cells which comprise the immune system are the leukocytes, or white blood
cells. The'leukocytes are carried by the vascular system, but are ablé to migrate through the
walls of small venules imé connective tissue spaccS and lymphoid organs where they
perform their functions. The ]ympﬁéﬂi organs include the lymphatic vessels, which act as
collecting ducts from the connective tissue, lymph nodes, Peyer's patches of the intestine,

adenoids, appendix, tonsils and spleen.
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The population of cells which make up the immune' system seems to be derived
from a common hemopoietic stem cell in the'lbone marrow (Wu'er al., 1968). These
pluripotent stem cells give rise to progehitor cells which undergo successive commitments
along distinct cell pathways, to differentiate iﬁto mature functional cells (see figure 1). A
common myeloid progcnitbr gives ﬁsc to the granulocytes and monocytes (Abramson ef
| al., 1977), and a lymphoid progenitor develops into the lymphocytes (Jones-Villeneuve

¢

and Phillips, 1980; Schrader and Schrader, 1978).
(a) Granulocytes

The granulocytes, which include neutrophils, basophils and eosinophils, play a role
in certain non-specific forms of defence (Spitznagel, 1977). Neutrophils .are
chemotactically attracted to areas of acute inﬂamrhz:gon (a local response to cellular injufy
*or infectious agents) and phagocytose bacteria and olther ‘particulate substances. Basophils
and their connective tissue cous_ins, the mast cells, mediﬁte immediate py:persensitivity, and
lhl;S inten;ify inflammatory reactions. When triggered by antibody bound to allergens,
they release granulc-‘as‘sociated and unstored mediators, including histamine and

leukétrienes, chemotactic factors, prostaglandins and dcgr_ada:[ivc enzymes. Eosinophils
phagocytose anti‘gen-antibody complexes, especially in the ;espirétory and digestive tracts.
Major Basic Protein is released from the granules of these cells onto the surface of parasites
to promote antibody-dependent killing of parasites. Th-ey also regulate allergic responses

by degrading the vasoattive substances, histamine and leukotrienes, with histiminase and

arylsulphatase respectively. )

(b) Macrop;age.s

| The cells responsible for more complex immune reactions are the macrophages and
the lymphocytes. Macrophages are derived from monocytes, which in turn are thought to
ar. ¢ from the same mycloigprogenitor as the grahulocytes (Abramson er al., 1977). They

&
A/
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t
hematopoietic
stem cell
platelets - '
~ N\ ’ common myeloid common lymphoid-
megakaryocytes — progenitor. progenitor
¥
m'o'noACytes B cells " T cells
neutrophis / \
basophils : - DTH
/ ‘ mast_cells macrophage  plasma cells Tk T H

FIGURE 1.1 Origin of cells involved in thc immune responsc. A common pluripotent stem cell gives rise
to distinct progenitor cells, one for myeloid and the other for lymphoid cells. The myc_l}’id progenitor gives

risc to the "committed” cells shown. ‘The lymphoid progenitor has the potential to diffcrentiate into either B
. or Tcells.



are highl.y motile phagocytes able to swauow entire cells (often several at a time), bacteria,
protozoa and inorganic subStances Ihe cells can csrry out either non -specific
phagocytosis or more specxﬁc&eacnons via serum pro'c s (opsonins) which coat the target
surface, such as IgM or IgE 1mmuqoglobu11ns or the ., componentRf complement. In the
latter case, specific Fc or Cv3 receptors are utﬂizéd, which promote attachment and ingestion
.(L‘Jﬁlzgless et al., 1981; Rabeliino er aI.,_i978). Macrophag‘és play an important role in
humoral and cell-mediated immune responses (Adams and Hamiltcv)rn, 1984). Generally,
. thisis éccoﬁdplished by trapping and ingesting the antigen, processing it in sémc way
w(p"r.obabl_v pa'rtial digestion), and presenting the procc_:sséd antigen to lymphocytes (in
associaﬁon ‘with.class 1 MHC molecules, as disc\ussed \lgter). Simultaneously they
produce soluble factors which drive lymphocyte proliferation. They also se?:r.cte.a van'ety
of éthcf immunoregulatory proteins, complement components, and other factors involvcd

LY

in cellular regulation or microbe destruction.
N . ‘ .

(c) L}‘mp}ZOC)‘;éS
There are/two major classes of lymphocytes, B and T, namcd_according to thetr site
of maturation (seé figure 2). Pre-B ]ymphocytres mature in the Byrsa .of Fabricius in birds
“and the "Bursa-equivalent” (b.o'nc' marrow, sbleen'and liver) in other a\riimals, into mature
- B cells which express antigen-specific immunoglobulin receptors on the cell surface.
" When antigen is recognized by a B cell via its receptor, in the presence of factors pfoduced
b§ macrophages or T lymphocytcs‘, the cell becomes activated nto a plasma cell. It
sﬁbsequently secretes antibodies which have the same specificity as its surfacg receptors
(Warner, 1974). The secreted antibodies enter thg blood and other bodily fluids to defend
against the extracellular phases of bacterial and viral infections -- therefore this is referred to

. 1
humoral antibodies bind to the antigen or antigen-bearing foreign material. This interaction

K&

as the humoral Branchiof the immune response. If they then encounter antigen, the



T LYMPHOCYTES B LYMPHOCYTES

i e .
N 1 : R 3 A
EFFECTOR REGULATORS
T KiLLERS T HELPERS | o '

KJ PLASMA CELLS

T DTH - T SUP_PRESSORS
CELLULAR “ HUMORAL
IMMUNITY | . IMMUMNIT

FIGURE 12  Differentiation of B and T lymphocytes. Lymphoid progenitors - from the bone
marrow differentiate into T cells in the thymus, or B cells in the bursa-cquivalent (foetal liver, bone
marrow). The B lymphocytes further differentiate into plasma cells upon antigen stimulation. The
effector T cells carry out the destruction of target cells. The regulatory T cells produce lymphokines
which modulate the action of effector T and plasma cells. Recognition and destruction of foreign cells
(cellular immunity) is carried out by T cells, whereas B cells are responsible for cleanng soluble
antigens (humoral immunity).
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activates) the‘pathways for elimination of the antigen, for example phagocytosis by
macrophages via their Fc receptors, or lys?s by complement (Reid and Porter, 1981).

Cells destined to become T lympnocytes migrate from the bone marrow to the

P . .
thymus. the major site of T cell maturation (Scollay et al., 1984). "Here, under the
- .

' inﬁw of thymic hormones and epithelial cells the pre-T cells express the T cell anti gen
| ireceptor (TCR) on their surface. T cells Wthh Ieave the thymus migrate to the lymphoid 7
organs and enter the pool of cuculaung lymphocytes. Upon interaction with antigen, they
) are drivc:;.'throu gh the final steps of maluration to become mature T cells. Their defence 18
pnmanly ‘ﬁfﬁamst fungi, parasites, intracellular viral infections, cancer cells and forelgn .

tissue. Consequently this is known as the ' cellular imraune response
'

‘ Two main classes of T cells have been deﬁned (Cantor_ and Boyse, 1975) acccrding

to their function upon antlgen interaction: regulatory T cells [helper (Ty) and suppressor
(Tg) T célls] _and effector cells [cytotcxic T cells (T or CTL) and de@yed-type

| hypersensiti\;lty cells (DTH)]J. Whﬁ«n helper T eells recognize antigen, via<heir _'l’ cell
/mr, they produce soluble factors (lymphokines) which act on other gells in the

il
)

immune system, and thereby potentiate both humoral and cell-mediated immune responses.

'z

Suppressor T cells™ are not well defined, ‘but seem to inhibit the functions of other
lymphocytes, elther directly or via sbluble factors. When cytotoxic T cells recognize cell
surfac e antigens, such as viral or tumour antigens, lhey destroy the target cell by ‘causing‘xt

to lyse. DTH cells secrete factors which attract a variety of inflgmmatof}" cells (eg.

macrophzges).

R

It :s the lemphocyies which are of primary interest to this study. The activation

and functior of these cells will be discussed in greater detail in section 3.

(d) NK and K cells - | _—
* o . oo .
Natural Killer (NK) cells are bone marrow derived cells which exhibit cytotoxic

activities similar to CTL and can be stimulated by IL2 ancl,_gamma-interferon (Ortaldo and
L :
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Herberman, 1984). They display low leyels of the T cell narker, Thyl, as well as some
_ » . » ) ¢l !

markers thought to be NK-specific (NK1, Qa-4 and Qa-5; Tai and Warrier; 1980; Koo and
i{aizﬁeld, 198'0) and receptors :for.}.the Fc portion of I gG rricflecules (Pcrussia et aI.‘, 1983).
* The efficient anti-tumour a‘cti‘v_k of these cells was the first evidence for their existence, but
they can also kill bone mafrow and a few o‘ther no‘rmz;l cells (Ortaldo and Herberman, 1984;
Nunn et al., 1977)) What target ccll molecules thcy rccogmzc and the mcthod of -
recogmnon are not known, But unlike CTL, theu' cytotoxic acuvny is'not MHC- rc;\ﬁ?ctcd
(Herberman et aj,, 1975). A clonal population can killva variety of tumour targcts,jbut

since the anngen they recognize is not known it isn't obvious if their action is specific or

not. As will dxscussed for CTL the probable cffector molecules of lysis are contained

sifaic granules (Henkan et al., 1984). The cells.occur in spleen, lymph node
, and pemoneum Their pre- dxlecnon 10 destroy tumour cells and
activation by gamma- 1nterferon 1Q&ggests these cells’ play’a rolc in the body's natural

%
resistance to tumours, although this is not certain. thther NK cells are simply related to

T cells, or repres‘én_t a pre- or post-T cell population which do not use the am‘igen-sp;c;ciﬁ'c

)
TCR is still a contentious issue:

Killer (K) cells are characterized by their abilit&_ to kill antibody-coated targf:;.cclls_
withouvt previous exf)géu}e to the antigen and \a;ithout-the panicipz;tion of (;pmplement.
This phcnomenoB is known as ami;h-dcpcndem cell-mediated cytotoxicity, or ADCC : K-
cells possess reccptors for the Fc portion of IgG as do NK cells. Itis hkcly that K and

NK cells are a smgle popul ition of cells, with varygg efficiences for ADCC or NK

activity.

3. T cell activation "

" The focus of the work that will be described is on the T cells, and in particular,

regards the activation and function of the cytotoxic T cell subset. Most T cells are in an

inactive or precursor state. The dual signal of antigen and a lymphokine triggers them to
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[
L symbeslze new RNAs and protems increase in size (blast transformanon) and eventually

prollfcrate As mentioned, forelgn antigens from the surface of a stimulator cell are

recogmzed via the antigen-receptor of the Ty cell (figure 3; Paetkau ez al., 1980). This . .

reeogmuon is in association with syngeneic class II MHC antlgens express d b) the
dntr gen presenting cells such as macrophagemcells Macrophages produce mterleukm
I 'when they encounter antigen. The dual signal of antigen and irterleukin 1 induces the TH
cell to synthesize and secrete a variety of lymphokines (Moller, 1985). These factors are
/ generally glycoprbteins which stimulate growth and differentiation of many types of
hemruopoietic cells-and include colony stimulating fectdrs for granulocytes and
macrophages (CSF-GM), inlerleul:’(i_n 3 (IL‘3), iﬁterferon*—grﬁnma, interleukin‘, 2(IL2), and a
vmety of B cell growth and differentiation factors.

Concurrent]y, a precursor cytotoxic T cell (pCTL) recogmzes anugen on, the surface
of "self‘ cells, which are dlstmguxshed via syngeneic class I MHC molecules expressed on
' almosl all somatic cells. ’I'hls recognition is again via the T cell antigen receptor. When the
| pCTL is initielly stinlulated with antigen, there is a transient burst of transcription and a

subsequen‘t synthesis of new proteins, including one suk:)unﬁit of the IL2 receptor, the
transferrin receptor, c-mj'c and MHC moleculgs (Teshigawaré et .l '1987; Kronke ez al.,
1985; Neckers and Cossman, 1983; Kelly ez al., 1983; Cot. cr e al., 1983). Up-
regulation of the transferrin receptor.is necessary s‘ince transferrin i's a u‘niversal
requ1rement for long-term growth of all mammalian cell types (Cotner et al 1983). The.
E ‘protooncogene c-myc is a nuclear DNA" b1nd1ng protein which seems to be involved in the

transit of cells from the G to.the Gy phase of the cell cycle (Persson and_ Leder, 1984).

" The newly‘ synthesized subunit of the IL2 receptor ‘essociates with the subunit already on
the cell surf:;_cc. Together, rhe subunit\s have ‘a high affinity for IL2, while the constitutive
‘chain alone comprises the low affinity reeept_or (Wang and Smith, 1987; Rusk and Robb,
1987). The high affinity receptor on the pCTL allows binding of the lymphokine,

produced by the neighboring Ty. This induces progression to the second stage of cell -
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FIGURE 1.3  Cellular interactions involved in the generation of a cytotoxic T cell response. Surface

antigens from a stimulator cell (S) are processed by an antigen presenting cell (APC) and recognized by
the antigen receptors on helper T lymphocytes (Th) and precursor cytotoxic T lymphocytes (pCTL).

The resultant CTL is capable of lysing any antigen-bearing target cell which it then encounters. See -
text for explanation of signalling cvents.

v



activation in which DNA synthesis takes place and the cells proliferaie into.a clonal
population of cytotoxic cells expressing the same specific T cell antigen receptor

(Lowenthal er al., 1985). These cells are now competent to bind and lyse- target cells.

{ 4. Mechanism of CT L-Indufé'd Lysis
The essential changes a pCTL undergoes to become a kiiler cell and the mechanism
by which it then lyses its target are not known in any molecular detail. Studies using -
metabolic inhibitors, antibodies against cell surface prpteins, and observations of
morphological changes as the CTL carries out its function enable some general deductions
to be made about the mechanism of lysis (Berke, 1983; Nabholz and MacDonald, 1983).
“The lytic reaction requires direct target cell contact and is unidirectional -- the effector cell
comes away uninjured, and in fact can kill more than one targ&t cell (Zagury et al., 1975).
Binding of target cells is Mg2+~dependent and requires energy. ‘The cells come into close
proximity and £he plasma membranes inte‘rdig'itate at the contact region. Initial Ca2+-
independent steps occur upon target c\»n_‘ugati@#&hich can be blocked by inhibitor§ of
methylation or compounds which alkylate cell—sur\f;ce thiol groups. This is followed by .
CaZ+-dependent steps, in which serine proteases may play a role (Redelman and Hudig,
1983). | ‘
Within 30 minutes after binding, the microtubule-organizing center (MTOC) and
Golgi apparatus (GA) of the effector cell are redriented proximal to the cén}aot area (Kupfer
and Dennert, 1984). This observation suggests a delivery of cytotoxic substances from
secretory vesicles of the GA, since membrane-inserted and secreted cell products are
processed and packaged in that organeile. One possible molecule involved in target lysis
was originally discovered by electron microscopy of CTL and lysed target membranes
. (Dennert and Podack, 1983). Lytically active CTL contain characteristic dense granules.
Upon stimulation with antigen or Concanavalin A (ConA), proteins which appear to

originate in these grah‘ulcs polymerize to form two types of tubular structures distinguished



by their diameters (160 and 50 A), iesxgnated poly Pl and poly P2. These ' polyperfonns

are transferred to the membrane of the target cell, resulting in trans-membrane channel
formation similar, but different in size, to complement lesions. In fact, Podack and
Konigsberg (1984) demonstrated that isolated CTL granules are capable of Ca 2+-dependem
cytolysis with comparable or higher activity than, but without the target ﬁpecrﬁcny of, the
cells they were 1solated from. Similar observations have been made ust”hg NK cells in
which the pore- formmg proteins were referred to as cytolysins (Henkart er al., 1984).
Membranes of target cells lysed by granules show the characteristic donut-shaped lesions
of lhe same dimensions as polv Pl and poly P2. This is analogous to the ﬁna] event in
complemem medlated cytolysrs (Reid and Porter, 1981), in which C9 polymenzes to form
disulfide-linked tubular structures which lyse targets by membrane insertion and channel
formation. However, one event known to accompany cell-mediated but not complement-
or perforin-induced lysis is the fragmentation of target cell DNA (Duke 1983). Thm
suggests that the polyperforins act as transmembrane channels for toxic molecules to be

-3

passed from the granules of the effector to the target, where they can inflict their damage.
Avpotential toxic molecule which is in CTL-granules i)lymphotoxin I(LT; Eardley a
al., 1980). Lymphotoxin has slow cytotoxic effects when incubated with cells, however,
under conditions in which target cells are induced to take up ;his substance, lysis occurs
much {aster. In addiwon, cytolysis by LT is accompanied by fragmemanon of target cell
DNA (Schmrd et al., {986) making it a prime candidate for a toxic molecule which-may
.pass into the target cell via polyperforin channels. The other granular molecules whicl;
have been characterized are proteoglycan and serine proteases. Itis likely that the fomrer of
these acts as a carrier molecule for the latter or may play a role in protecting the killer cell
from its own cytolytic maehirrcry (MacDermott et al., 1985). The role for the granular

~—

serine proteases is unclear.
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5. Immunology needs Molccular Biology

Although the studies to date have defined the stages i‘nvolved i.n T cell
differentiation and function, many questions remé.i@regarding the precise molecular identity
of the individual components invoived. B and T cells are derived from a common
precursor, but the stimuli which are responsible for directing the cell along a particulﬁr.
differentiative pathway, the molecules which are required to respond to that stimuli, and the
products which are expressed as a result art‘: uhclear. T cells have been divided into
~ subclasses according to function, «.d cﬁch of these subclasses usually displays a
characteristic set of cell surface antigens (Cantor and Boyse, 1977). In mouse, for
example, helper T cells express the surface marker, Lytl, whi]e cytotoxic and suppressor T
cells instead displ:iy the Lyt 2 and 3 surface prote:ms. However, these markers Aare usually
of unknown relevance to the functions of the cells on which they are cxpréssed. Indeed,
this categorization of T cells is probably an oversimplification, since T cell clones have
been idemiﬁeq which display functions of more than one subclass (Tite and Janeway,
1984). More useful cell rfr:iarkers would be molecules which are kndwn to be required for
helper, cytotoxic or suppressor function.

Such elements can be readily identified and characterized using recombinant DNA
techniques to isolate new, functionally relevant molecules. In addition it may be possible to
elucidate the functions of known markers through the application of molecular genetic
techniques. Thc@é}quence of the cDNA clone can be determined, providing information on
the primary structure of the molecule. This can be an important clue as to its function if the
protein sequence is homologous to other characterized molecules. Expression of the clone
allows synthesis of relatively pure material for biological assays. Site specific mutagenesis
coupled with transfection experiments permit manipulation of the molecule to study its
function. Many examples alrea‘dy exist in which a molecular genetic approach has
increased our knowledge 6f how the immune system functions. Some of these examples

are described bcldw.
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(a) Immitnoglobulz'ns __

The best characte.rized-moleculcs of the immune system are the B cell anligen'
feceptor and its secreted form, the irmnunoglobu.lins. These molecules are made up of two
identical light ch¥ns and two identical heavy éhains join;d by disulp‘hide bonds (Gally, -
1973). Each chain has an N-términal variable region which is inVolvg:d in antigen binding,
and a constant region. The constént fcgion of the heavy chains, from which the Fc
fragment 1s derived, triggers effector functions such as complement fflxaq’on.

B cells exhibit a seemingly endless repertoire of antigen specificity. :
Characterizatibn of tlle immunoglobulin genes provided the cxplanatipn for huow diversity is
generated (Adanlsf/1980; Gough, 1981; Tonegawa, 1983): Each chain is encoded by a
relatively large genetic locus which is made up of several V genes which encode the

variable region of the chain, and C genes which encode the constant domain. In addition, a

set of J (joining) segments in the case of the light chain genes, and D (diversity) and J

" segments in heavy chain genes, lie between the.set of V genes and set of C genes. During

the process of differentiation ‘of B lymphocytes, these genes undergo rearrangements,

which are inde?endem of antigenic stimulation (Gough, 1981). For the light chain genes

- this involves joining any one of the V genes to a J‘se_gment, whereas with heavy chain

N

genes there is first a V to D joining and then a D to J joining. In each case, the intervening

DNA is deleted out (Hozumi and Toneg.  a, 1976). There is some sloppiness 1o this

- joining, that is, when a particular V gene joins a given J segment, the joining will not

always occur at the same nucleotides (Tonegawa, 1983). Therefore the incredible diversity
of immunoglobulin spcciﬁcity arises because there are many possible combinatioas of V
genes witl D and J segments, because of the sloppiness of these junctions and because two

of these recombined gene products give rise to the final molecule (heavy and light chains).
5

Analysis -o{ff;_}ithc immunoglobulin gene complex also explained two other-
v s

observations, namely heavy chain class switching and the existence of membrane and

[ §

secreted forms 6f.;htibody with the same specificity. There are five majdr classes of

\ .
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immunoglobulin molecules (IgG, IgM, IgA, IgD, ._a'nd_ IgE) which mediate different
biological activities, and each of these is represented by a‘_sep‘z:iratg cluster of C genes. The

heavy chain class switching is due to a second typé of reéirrangemem which occurs after

antigenic stimulation in which the expresscd VH gene is reassocmted with a dlfferem CH -

gene (Davis er al., 1980). Thus, the class (and hence blologlcal activity) of the antlbody
produced is changed, but the antigen 'specificity determmed by the ﬁrst rearrangemem 18
retained. | |
. Th;a cell surfa‘ce.receptor, which has the same antigéh specificity as thé secretedA
antibody, 15 produced from the same\gcne (Early et al. , 1980)." At the 3' erd of the C mu
heavy chain gene is a coding segment that spcc1f1cs a hydrophxhc carboxy terminus used by
the secreted form. -Further downstream are another two exons which encode a carboxy
termmus with the hydrophov.~ ‘ charectefistics of a transmcmbranc polypepnde used by the
engpbrane form. To producc lhe cell surface rcccptor all of the exons are transcribed, but
xon encoding the hydrophlhc carboxy termmus 18 sphced out during post-
transcriptional processing. This leaves“an mRNA which encodes protein with a
h y'drophobi'c trans-membrane carboxy terminus To p;oducé iﬁc secreted form the last two
exons are not transcribed, so the exon enébding the hydroph111c carboxy terminus is used.
Thus, differences in the termination sites ﬁs;:d and in post-naﬁscriptional processing give

rise 10 the two formis of immunoglobulin.

b)Y T C e11 Antigen Receptor )
The cloning of the T ccll antigen receptor genes (Hcdnck et al., 1984; Yanagi etal.,
1984; Saito et al., 1984) has confirmed that T cells us_c a mcthpd of rcgrmnggmcnt of gene-
. components analogous to B cells. The T écll r_ecepior 15 chpo§éd of a disulfide-linked
alpha and beta chain, which gre encoded by genes with V,D,J and C elements (Saitoet al.,

1984; Chien er al., 1984). These genes are very like the immunoglobulin genes in

. oo
sequence, patterns of rearrangement and the sizes and position of the different gene

i

-
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segments (Chien er al., 1984). Although the answer is not yet clear, the availability and
expression of cDNA clones of the TCR should finally settle the question of "One receptor
— .

or two?" - how T cells recognize antigen in the context of MHC molecules.

(c) Major Histocompability Complex (MHC)

The murine MHC gefe complex has been well characterized. This has provided a
clear picture of the structure of type I (expressed by somatic cells) and type II (expressed -
by cells of the immune system) molecules (Hood ez al, 1983). The class Il molecules are

| encoded by the I region in the MHC, which encodes two cell-surface giycoproteins, I-A
and I-E. Each is made up of two polypeptide chains designated alpha and beta. They are
highly polymbrphic between individuals, thereby allowing a distinction ‘betwc*:n cells
which are self and non-self. Thé émigen-speciﬁc receptors of regulatory T lymphocytes
recognize forcign.amigen only in association with self I-A molccufes on the surface of

. antigen presenting cells (APC). | \

Transfection a'nd exprcssior; of the.cDNA clones has been useful in the analysis of
the features of an ant-igen presenting cell which are necessary to trigger a T cell response
(Germain and Malissen, 1986). Malissen et al. (1984) transfected genes encoding I-A
molecules of the k haplotype (AK-alpha and AK-beta) into mouse L cell fibroblasts and
hamster B cell lines. Both the non-lymphoid L cells and lymphoid B cells expressed the
class 11 molecules correctly, as judged by serological analyses and two dimensional gel

electrophesis. The transfected cells were then tested for their ability to present the antigens

keyhole limpet hemocyanin (KLH) and chicken ovalbumin (OVA) o I-AK restricted T cell

helper hybridomas speciﬁc‘for these antigens, as measured by IL2 production by the Ty.

All of the L cell and B cell transformants were capable of efficiently presenting the KLH

antigen. In fact, the level of 1L2 produced by the Ty in response was proportional to the

level of I-AK molecules expressed on the surface of the transfectants. This indicates that

surface-expressed I-AK molecules are sufficient to confer antigen-presenting capabilities.
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" However, in the EAase of the OVA antigen, the transfectants failed to act as-APC, ‘whereas a
murine [-AK pos‘itivel B cell is able to present t'his antigen to the I-AK helper hybridomas. It
rﬁuy be that this antigen needs to be erizymatically or chemically modified by the APC, a
process not carried out by the transfectants. Another possibility is that other accessory
surface molecules are rcqﬁired, in addition to class IT molecules, for certain antigens. This
can be further tested by screening other antigens or derivatives of them, and cc;-transfecu'ng
I-A geﬁes »;ith other molecules found on the surface of APC, such as LFA-1 or L3174

(Wilde er al., 1983). : X

(d) Lymphé)cim;,s : . o - .
Many ]ymphvbkin'e genes hav”e now beeh cloned: "Interleukin f’(’iLl), a lymphocylel
activating factor which drives proliferation and is p‘roduced by macrophages (Lomedic’o et

., 1984; March er al., 1985; Auron et al., 1984) Interlgukm;. (lL2)l{ammponmece]1

growth factor which is one of the reqmrements for the pmhferancm of' azcté?va(td ETL'

£ . )
2.

interleukjn 5 (ILS), also known as T cell replacing factor, whxch i’s Jrr;portant in maturat.lon _

\

of activated B cclls into antibody- secretmg cells (Kinashi er al., 198%)"’« XS. —_—

; 3
These clones have been used as probes to monitor cxpneﬁﬂi}&oj ,mc'gonespondm g

lymphokine genes, providing a functional assay for cclis capable off

\v!

! g\img an jmmune

£

response, 1.e. helper T cells (Mosmann et al., 1986) Expressmn ‘g?recombmant

:G'
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lymphokines has allowed a more definitive characterization of their activities, as op;k{:d to

e
ko

material has potential clinical use in boosting immune tesponses ag £
cellls (Rosenberg et al., 1986). .The cDNA clones also permi‘t.t»
cyclosporin A (CsA), an immunosuppressive drug used thefapeutic;a?il-y.fé;:liowing tissue
transplantation, exerts its effect. CsA blocks the production of lymphokines in helper T
cells. Using lymphokine cDNA clones és pro‘bes, this blocka.ge was found to correlate %
with the absence of the ﬁRNAs encoding the lymphokines (Elliot er al., 1984). Since)
lymphokines play a central role in im>mune responses, iti appears that at least part of the
immunosuppressive effect of'CsA is due to its selective inhibition of \lymphokine mRNA

N

accumulation, either directly or by inhibiting molecules which would activate transcription.

| (e) IL2 Receptor ' ' ¢

The IL2-receptor is up-regulated in CTL when antigen is recognized, for utilization

of the second activa.t{on ;ignal of IL2. Two classes of receptor for IL2 };ave been
demonstrated which possess either high or low affinity for the ligand (Robb, et al., 1984).
Antigenic stimulation increases the number of cell-surface high affinity receptors, and it is
this class which is niecessary for IL'2~ to carry out its biological effects. A cDNA clone fox;
the IL2 receptor gene was isolated, but when it was transfected into cells, it produced only
the low affinity activity. This implied #hat the receptor must consist of another element. By
eross-linking studies, another chain of the IL2 rece;.)tbr has now been detected. Each chain
is able to bind IL2 with low affinity, but together they form the high affinity receptor. This
explained why Tac-negative resting T cells can bind IL'_..’-, Sir;cc one of the chains (the
secc;gd protein ivdentiﬁed) is constitutively produced, whereas cgprcssion of the other chain

. (Tac) requires antigen and low levels of 1L2 to induce its expression, and thus produce a

-, high affinity receptor.
e
-.f;:rﬁz&
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‘ () T Cell Surface Markers

Many T cell surface marker genes h’é;/c recently been cionéd. One of these, the

CD3 complex (T 3) appears duﬁng intrathymic‘ontogcny in correlation with the acquisition
of immuvnological gbmpetence by developing thymocytes (Reinherz er al., 1983).
Characterization of the CD3 complex using monoclonal antibodies showed that it is
associated with, and may be required fé?, surface expression of the TCR. This has led tb |
the postulation that the proteins of fhe CD3 complex areiinvolved in the signal transduction
that follows antigen recognit‘io@'y-the TCR. The genes encoding two of the three chains
of human CD3, epsilon and delta, have now been cloned (van den Elsen er al., 1985a;
Gold et al., 1986). The sequence of these cDNAs and homologies between them suggest a
possible mechanisrﬁ for-interaction with the T cell receptor. The putative transmembrane
domain contains an Asp residue, and of the 'neighbouring 23 residues toward thé N-
terminus, 6 are charged and 9 are -shared between the epsilon and delta chains. These
ch;"tracteristics are also conserved between the hgman and mouse delta .chains, as revealed
by cDNA sequen;c (van den Elsen er al., 1985a; van den Elsen et al., 1985b; Gold et al,,
1986). The fia 22 beta chains of the TCR both contain a Lys in their tr/:;nsmembrane
domains, \%):h could form salt bridges with the charged residues st the CD3 chains, in
particular with the conserved Asp residue. These interac;ions would be particularly
significant in the hydrophobic membrane environment. Site-specific mutagenesis of the
regions encoding the transmembrane domain and transfeciion of the CD3 and TCR genes -

~ can be used to test this model.

Other recently cloned T cell markcrs inciude the human CD2 and CD4/CD8
mdlcculcs (Parnes, 1986), murine Lyt 2 (Zamoyska et al., 1985) and Thyl (Moriuchi et
al., 1983; Giguere et aI.,'1985; VanRijseral, 1985/). As in the case of CD3, availability
of tfiq DNA clones will allow sequencé and expressional analysis to determine their

=

relevance, if any, to T cell function.
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(g) Lymphotoxinﬁnd Tﬁozzr Necrosis Factor
~  Two genes encoding factors which are asmed with tumour cell killing have been
cloned and expressed in E.coli (Gray et al., 1984; Pennica et al., 1984). Lymphotoxin (LT)
isa cytotoxic factor produced by lymphocytes (Ruddle, 1985). A synthetic gene encoding
lymphotoxin (LT) was made, based on the protein sequence, in order to produce
récombinam LT, and using this gené ’a cDNA clone was isolated (Gray er al., 1984).
Expression of two versions of the synthetic gene in E. (;oli and analysis of the products’
“cytotoxic activity showed that 16 residues at ‘he carboxy terminus are necessary for its
function. Experiments in which mice weré il:leC{(‘;d with the recombinant matenal showcd,
that LT causes significant necrosis of methyl cholanthrene-induced sarcomas in vivo.
Tumour necrosis factqr (TNE) is another cytotoxic factor, with pfopcrties similar to LT,
which i produced by activated macrophages. Seéluencc' of the cDNA clone revealed that
TNF is translatediwith a large 76-residue leader sequence, probably requi\rcd for secretion.
This factor was also expressed in E. coli and the fecombiﬁant material éxhibited necrotic
activity in ‘vivo on melhyl.cholant};rene-induced sarcomas (Pennica et al., 1984). CDT:JA
* cloning of these factors demonstrated that they are, in fact, rwo distinct molecules. Their
“similar activies can be explained by comparison of the sequences, which revealed that thc}
are 30% homologous at the afnino acid level. There are three regions which are highly
conserved, one of which is the carboxy terminus shown to be requred for functionally
active lymphotoxin. Using the clgNA clones as probes, the cells which produce each of
these factors can now be identified. Production of rccor'nbinam'materiél' in E. coli of bﬂ
these factors permits the generation of otherwise unavailable material tokusc in assessment

of the biological activities of both LT and TNF, differences between them and their clinical

potential (Gray et al., 1984).



6. Mo[ecular Biology needs the Immune S)stem . .

From the examples, a‘)ove it is apparent that many questrons regarding how the
1mrnuqe sy$1em functlons can be answered using a molecular biological approach On the
- :_.,‘,-_,t’mher’l\bnd ‘the ,gells of the immune system, and in particular the lym'phocytes offer an

rdé“zﬁ*mocl&p which te study gene regulation. To reach a functional state, these cells must

differentiaté from common progemtor cells to cells whose fate is determined {eg. pre-B or

pre-T cells) and then to mature cells. Finally, they must be activated by external signals

: (untigen. and lymphokines) to carry out their function. Each of these sta;ges ie a reflection
™

of changes in chromatin structure and gene express.on.

Cell lines at various stages of differentiation are availahle. Bone marrow cells
/

-

grown in Dexter cultures or immortalized by viral transfectionfiave been used to srudy cells
at the e"trly stages of differentiation (Dexter and Lajtha, l974' Whitlock and Witte, 1981).
Uhe adaptation of culture condmons for the growth of T-lymphocytes in lo *rm culture
(Fathman and.Fiich, 1982) offers a clonal source of T cells which can be classified -as
helper, cyt_otoxrc or suppressor. Myeloma and hybridoma cel] lines provrde clonal
populations of B cells, all expressing the same antigen receptor (Kohler and Milstein, 1975;.
| ;“;A«‘Bank'en et al., 1978). Both T and B .ells gr’own in culture can be stimulated, either by
"“'A"Llymphokines and the correct antigen (if :he specificity of the T or B cell receptor is known),
or non-specifically with a milogen or lectin (eg. ConA for T cells, LPS for B cells).
Therefore, one can mimic an immune response using z; clonal populatlén of cells in vitro .
The network of immune cells thus represents a microcosm of. cell differentiation and

activation, in which many of the individual elemerits are available for study and can be
¢ l
manipulated to look for consequent changes in gene structure and expressron

A
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1. Conirol of Eukaryotic Gene Expression

The phenotype of é cell i‘s determined by the genes which it expresses. Normally
every cell contains the full repcnoiré of é‘enes, but differences in the level of expression of
the genes esmbﬁsh_the wide variety o;cell rypés. 5

Chromosomes exist in the nuclet':s ;)f a eukarytic cell in a highly condensed form,
complexed with proems. The chroma"t.in around genes which are actively transcribed is
decondenged, (Weisbrod, 1982) thereby allowing RNA. polymerase, together with other
transcryption factors, to bind tb the DNA (Elgin, 1982). Hypomethylation of important
nucleptides in the gene may also occur, although this issue is still controversial (Bird,
1984; Meijlink et al., 19833. Onr.c the higher order structure of a gene has changed to
make it available for transcription, the promoter region and regulatory proteins which bind
to :his region become important. in determining the efficiency and specificity of
transcription. ; The primary transcript produced, which includes exons and introns (ex
pressed and non-coding i;z lérvening sequences) 1S polyadenylatéd and capped at the 3' and
5" termini, reépéctivcly (Perry, 1981). This transcript, as a complex with proteins gnd
“ short RNAs, is then processed by the removal of introns and the mature. I& 18
transported to the cytoplasm-where it is translated into the corresponding protein. In the
cyt_oplasr’n, the half-life varies between different RNAS, due at least in part to RNases
which recognize specific sequences in the mRNA (Brawerman, 1987). Thus, gene

»
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expression éan be controlled at many levels: chromatin structure, modified nucleotides,

-

initiation of transcription,’post-transcriptional processing, translation and post-translational

procé:ssing. Each of these is described in detail below.



(a) Cell Dljferennaﬁon and C hromosome Structure

As pluripotent stem cells differentiate into a specific cell type, certain genes become

r/ \)

available for transcription, due prin"iarily to changes in chromatin structure. T}us change in
chromatin structure can be demonstrated with pancreatic DNase I, which at high enough
concentrations will digest all.of the chromosomal DNA, but at low concentrations only'
degrades the sequences which are transcribed. For example, globin genes are preferentially
digested by DNase lin erythrocyte nuclei, but not in fibroblast nuclei (Weintraub and
Groudine,1976) and ovalbumin genes are sensitive in oviduct nuclei but not in liver cell
nuclei f@arel und Axel, 1976). Similarly, in pre-B cells which have ’reanange.d and
eXPress: aﬁtxr heavy chain lo% but not their light chain loci (heavy chain rearrangement and
: expresslon precedes llght chain), the heavy chain gene region is much more sen51t;ve to
- DNase 1 thdn the light chain gene reg1on (Yancopoulos et al., 1986). In the same
/ experiments, the T.cell a.ugen receptor gene region was found to be relatively resistant to
DNase I'in B cells . Ir :erestin;gl_-', even 'gené"s which are tmnscribed only a _few times. per
- cell generatien are nuclease sensit ve, ihdicgting that the decondeqsation isa prereciuisite for
transcriptien, but not all decondensed DNA is .beiﬁg transcribed (Garel et al., 1977, Wu,
1980). R -
| A more specialized exarﬁple of the u;e of strﬁctural alterations to control gene
expv"ression is seen in differentiaiing B célls. As already descri_bed, the immunoglobulin
. genes become transcribtionally active when they rearrange to juxtapose V and C genes.
“The heavy chain genes rearrange first, and their expression signals the light chain genes to |
- rearrange. The pre-B cell becomes a mature, jnuﬁunmorﬁpetent B‘cell when the genes for

both chains are rearranged and expressed, producing a functional antigen recepto}.

. (b) Transcriptional Control
‘ Many differentiated cells can be transiently activated by external stimuli. This

activation corresponds to the induction of transcription of a specific set of genes to carry



23

out the cell's response to the stimuli. Probably the simplest mechanism by which an
external signal can induce gene activation is used by the steroid hormones. Steroid
hormones bind to high affinity receptor proteins in the cytoplasm of responsive cells,
thereby causing a change in the conformation of the receptor afler which the hormone-
receptor complex passes into the nucleus and binds to spec1ﬁc sites on the DNA to activate
gene transcription (Grody er al., 1987) In the majority of cases-not 1nvolvmg stcrmd
normones, however, the stmulatory §igna] or signal molecule does not act directly on the
. gene; instead an intermediaie messenger(s) must be postulated. Whether by a primary
signal or a secondary mgssenger; gene activation is effected by specific DNA-protein -
interactions which occur at the promoter region or enhancer elements, as discussed below.
‘Whereas the entire coding region of a transcriptionally-active gene is DNase 1
sensitive, the promoter and enhancer Tegions display DNase "hypersensﬁi\_:‘tiviiy".". Finer
resolution of hypersensitive sites is afférded by "footprinting” techniqués, in which a
| sequence of DNA containing the regulatory e.ements is incubated Qith a'nuclear protein
extract and then treated with low levels of DNase I (Emerson er al., 1985). If the nuclear
extract contains proteins which specifically recognize and bind to the regulatory el‘ements:
the segment of DNA which is bound by protein is protected from DNase degradation.
When the digested DNA is then run on a sequencing gel, it appears as a Iadder.of bands,
each corresponding to a site of DNase cleavage, but a gap in the ladder appears where the
DNA was pro;ected from digestion by its protein factor. Usmg thls type of assay, many of
the sequences and proteins respon51ble for regulating gene expression have ben identified.
An alternate approach is to alter or delete sequences near the start of transcription and then
assay the prbmoter activity, by re-introduction into cells or using an in vitro transcription -

system. , : ' ' ‘
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(1) Promoter elements .

‘The promater region can be loosely.defined as the sequences necessary for correct
initiation of transcnpnon By comparing mar;y genes transcnbcd by polyme:ase Il (Wthh.
transcribes the genes for mRNA; Pol I transcribes IRNA gencs and Pol ITI 5§ RNA and
tRNA genes), two conserved elements were found. These were the "TATA box" with the
consensus sequence TATAAA', located 25 to 30 base pairs upstream of the initiation start
(-25 to -30) (Corden er al., 1.980), and the CAAT box betweén -70 and -80 (Benoist er al.,
1980). By deleting these sequences and analyzing the efficiency and accuracy of
transcription, it was established that the TATA bpx is necessary for initiation at the accurate
start site (Grosveld et al., 1981; Benoist and Chambon, 1'981), whereas the CAAT
sequence determines the ef'i -iency of polymerase binding (McKnight ez al., 1984; My;rs a
al., 1986; Bienz and Pelham, 1986). |

TATA-binding factors have been Ydentified in Drosophil. and mammalian cell
extracts (Parker and Topol, 1984; Davison et al., 19:3). Chromatographic fractionat.io‘n |
and reconstitution of Drosophila nuclear extracts revealed that at least three components
were. ,required\ for initiation of transcription: ¥ NA polyfnerase IT and two other
- chromatographically disﬁnguishable factors. Onc of these factors was partially purified
and, using footprint analysis, found to bir;d and protect a 65 bp region of the histoné H3
and H4 and actin 5C gené promoters (Parker and Topol, 1984).‘ The protected region
included the TATA box and was punctuated by 3 hypersensitive sites. Davison et al.
(1983) used Hela ccll extracts, enriched ‘for transcription factors by heparin-Ultroget
chromatography, to study specific binding to conalbumin and adenovirus promotérg. They
pre-incubated the protein extract with one of the DNA templates, then sequentially added
the second‘DNA template, © NA polymerase and, finally, nucleotides to allow transcription
to proceed, then analyzed the transcribed products by gel electrophoresis. 1. this way they -
demonstrated that factors present in the extract could form stable pre-initiation compléxes

with the template DNA, and it was this pre-initiation complex which RNA polymerase
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recognized. Deletion of all or part of the TATA box region showed that it is involved in

the stable formation of the pre-initiation complex. Eir}e et al. (1984) used a similar
app_roachabut fracttonated the HeLa tell extracis to egt'at;itishxthe order of binding in more
detait. Al least two factors (1wo 'fractions 'separated by chrematography) bind the DNA
first, then RNA Pol 11, and finaily, factor(s) in a third fraction. Together, this data
suggests that the TATA region is required for sequential binding of transcription factors,

which form a preinit on complex necessary for RNA polymerase binding and initiation of

’transcnptton | o
‘ W
The CAAT«btndtng trgns ription factor (CTF) from HeLa‘cell extracts: has now
ﬁ A
"beeh punﬁed to- apparent homonenerty by afﬁmty chromatography (Jones et al., 1987).

‘ Ustng D‘}Iase footpnntmg, the btndmg Site of CTF was locahzed to 181023 bp around the

’CAAT regrons of human alpha and beta-globin, HSVl tk ras and hsp7() promoters.
(Jones et al 1985) Pomt mutations in’ the HSV-tk CAAT sequence ehmmated CTF.
binding and decr‘eased transcnptron to 10% of the wr‘d type level. The factor vanes rn is
afﬁmty for different CAAT sequences depending on the extent 1o whrch the recognttlon ‘
sequence matehes a consensus sequence, AGCCAA(T) and whether the sequence 1s
present ina?2- fold inverted repeat (Jones et al 1987) Bmdmg afﬁmty may also vary due
to reqmrements for other svnergtsttcally acting factors, dependlng on: the promoter For
example the hsv-tk CTF brndmg site is flanked on either srdc by an Spl (see below)
binding site (Jones et al., 1985) and the CAAT element of the mouse beta globm promoter
interacts with a beta globrn specrﬁc sequence, whereas the human a&pha globin CAAT |
element appears to functlon rndependently of other promoter elements (Drerks er al., 198?
Chamay eral., 1985 Myers et al., 1986) ,\ ‘

In addition to these two conserved sequences, other upstream promoter elemcnts
.have been found kwhrch are more specralrzed. Ltke the CAAT box, thescare 1nvolvcd in

determining the efficiency of transcription. Sorne of these elements have béen found in
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many differeht promoters, whereas other elements are quite specialized (Dynah and Tjian,
1985). A few exzir;p]es are presented beLow;

A factor which was originally mought to bev required specifically for tmnscription of
the. SV40 promoters, but wz{s subsequently found to activate transcription from several
other viraj and cellular promoters, is Sp1 (Dynan and Tjian, 1983, Dynan and Tjian, 1985).
This factor recognizes a 'GGGCGG' repeating element, termed the ‘GC box’, although
flanking regions modulate efficiency of binding to these sifcs. Spl is required for in vitro
t'ranscripti‘on of SV40 and the hsv-tk, rﬁonkey beta-region and mouse dihydrofolate
reductase genes (Dynan and Tjian, 1985). In each case, multiple copies of GC boxes exist
- within 40 to 150 bp upstream of the RNA start site and are present in either orientation with
respect to each other and the transcription start site. Potential Spl binding sites have al_so
been found in :18 genes for human metallothionein (Richards et al., 1984), adenosine
. deaminase (Valerio et al., 1985), rat type II procollagen (Kohno ez al., 1985), mouse
hypoxanthine phosphoribosyl tranéfcrase (Melton et al., 1984) and other viral and cellular
genes (Dynan and Tjian, 19§5). The tran‘script.ional control region ;f the retrovirus
associated with AIDS has been showﬁ to contain three Spl lbinding sites. Base substtution -
mutations of these sequences eliminated Sp1 binding (as detected by footprint analysis) and
caused a 10-fold reduction of in vitro transcription activity.

Cells from a wide range of organisms (including Drosophila to man) have a
Eonserved famlly of proteins which are rapldly symhesned in response to thermal stress
Thesc are known as the heat shock proteins (hsp). Pelham (1982) first 1dent1ﬁed a
conserved l;lefat shock regulatory element (HRE) by transfectmg COS cells with deletion
mutants of the Drosophila hsp70 gene, or hsp7O gene promoter fused to the tk gene. In
addition to the TATA box;a sequence at 48 tn’ 62 wat also requxrcd to confer heat shock
inducibility. The element possesses dyad symmetly and appears to direct the efﬁcxcm use

of the TATA box in heat- shockcd cells At least 7 other hsp promoters have a sequence

rcscmbhng to a greater or lesser extent, the scquencc in hsp70. DNase sensitivity -
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mapping of the hsp genes revealed that the §' end of individual hsp 70 genes are nucleas
h)'per'sensitive, even before heat i_ndaction (Wu, 1980). Protein binding at the TATA box
also preceded heat shock, as assayed by nuclease protection of chromosomal DNA within
the 5' hypersensitive site. H_o“v'\‘/ever, it was only after heat shock-ind“uction that proteins
were bound at the TATA.fbowx and further upstream, both in Drosophila hsp70 and hsp83
gene promoters. AThis binding coincides with gene expression (Wu, 1984a). This lead the
author to speculate that the bihdirtg of transcription factors at the TATA box, analogous to
the pre-initiaion complex with HeLa cell extracts, establishes the transcriptional potential of

itjonal binding of heat shock activator protein (HAP) allows

transcription to proceed. -Bifier mapping using cloned hsp70 and hsp82 DNA sequences
(native DNA vs. chromatin) and nuclear extracts showed that the sequences protected upon
" heat shock induction corres?on'Qed to the elenaents'identiﬁed by Pelham. ln‘.\ fact, the hsp82
gene, which is easier’_ 1o ;)i_n'duc"e and has higher affinity for HAP, has the consensus
sequence as well as tw/o similar elements ove‘rlappi@g it on either side (Wu, 1985). The
. heat shock elements of drfferent hsp gene promoters compete for the same partially purified
HAP factor implying coordmate regulation of the gene famrly via binding of a'common
regulatory protem:(Wu, 1xt}_)iiélb). o

Metallothionein CMT) genes encode heavy metal binding proteins and , in
mammals, are induced ihdep’endehtly by either heavy metal ions or glueocorticoid
hormones (Mayo and Palmttcr 1981). Igadn et al. (1984) used deletion mutants of the . .
human MT- IIA gene ora fusron of” the MT-IIA gene promoter and the HSV-tk gene,’
: trans&ued in rat ﬁbroblasts to determine sequences necessary for metal responsiveness.
They 1dent1ﬁed three types of regulatory elements: two copies of metal regulatory elements
| (MRE) é{-'-‘aé's*m?-'so and - 138 to 1 50; one capypf a sequehce necessary for basal level of
expressron af 70 to -90: and. one glucocomcord regulatory element at -237 to -268, which

* is also the glucocomcord receptor binding site. They noted that the MRE is also found in

another human MT gene, as'well as a mouse and rat MT gene, and consists of a 12 bp
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consensus séquence Closer examination of the upstream rcgrons of srx different MT
genes showed that each of them possessed between 5 and. 8 copres of the MRE. The
activity of each copy varies, but a minimum of two are requrred for srgmﬁc;am induction of

' transcription by metal ions (Searle er al.,.1985). The clustering of t}_hcb'sc:_'élemcms mdy be
necessary for their speciﬁcit)'f, since the MRE is small and startistically 'r'na;{ﬁoccur frequently

@ in the génome.

(i) Enhancers
APc]ass of elements which are not part of the promoter but have a srgmﬁcam effect
on promoter cfﬁcrency are the enhancers. These must be located in cis wnh the promoter,
but can be as far away as 1 kb, either upstream or downstream and in either orientation and ,
““still retain promoter-enhancing activity. They have a dramatic effect or_r xhé-e‘fﬁciency of
tmnscriplion, increasing it up to 1000-fold, and can act on heterologous prorrrorers (Voss &
al., 1986). | o
The immunoglobulin heavy and light chrn'n gene enhancers were the first celluiar“
enhancers to be identified (Calame, 1985). They wete originally found by lmkrng piece; of
the immunoglobulin genes to SV40 early or beta-globin prémoters. The DN.A.scquences
which were able to direct efficient transcription of these cnhanceﬁdep}end'eh-t’- promoters
were then characterized. The sequences were able to enhance tmnscnptlon 1ndepcndem of
distance and orientation, but required a cis configuration relative to the promoter thus
~ fulfilling the definition of enhancers. Both the heavy and light charn genc enhanccrs are
located in an intron between the joining and constant regions (rf their rcspe_cﬁvc gene -
complexes (Benarji et al., 1983; Mercola et al., 1983; Bergman et al., 1984; Picard and
Schaffner, 1984). From tohis positiqn they can enhance the V gené prdmbter most
effectively when it is broughr into the vicinity by gene rearrangement (Calame, 1985).
Immunoglobulin genes require the enhancer to direct detectable transcriptikon in trarrsfectcd

plasmacytoma cells; in other cell.types, even the wild type gene is unable to direct a
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detectable level of transcription. When linked to a heterologous promoter, the enhancer;\‘
are still active only when usedvto transfect lymphoid cells (Picard and Schaffner, 1984;
Benarji er al., 1983; Gillies e al., 1983). This suggests that the factor which interacts with
the enhancer is tissue-speci.ﬁe, bnt such 5 factor has proved difficult to find. Inidal in vivo
ONA protection experiments indicated protein binding in the enhancer region occured only
"in lymphoid cells (Ephrussi ez al., 1985). However, in virro experiments have failed to
duplicate tissue specific orotecdon. Nuclear extracts from B, T or Hela cells give the same
pattern of DNase footpi_'int (Weinberger et al, 1986§One group suggests there may be
slight differences in the pattern and that different proteins from each cell extract are
recognizing DNA sequences in the same region (Augereau and Chambon, 1986). Until tne
nuclear factors from each cell jty}l)e are purified and characterized, it will be difficult to draw -
conclusions from these experiments about the mechanism of tissue-specific enhancement.
| Since there are multiple'sites of DNase protection, it is possible that there is more than one
protein species binding the enhancer and the different combinations of these proteins
,determme the tissue- specxfmty of the enhancer Baltimorc has found that of four.
homologous elemem% in the heavy chain mu enhancer, three are recogmzed by different
» protein factors and do not compete with each other (Sen and Baltimore, 1986).

Enhancer sequences are also utilized by the steroid-regulated genes. Steroid
hormones exert their regulatory activity by binding their cognate intracellular receptor,
which alters the receptor such that the complex of receptor and hormone has high afffinity
for specific DNA sites (Anderson,]984). An example of this type of gene regulation is the
effect of glucocorticoids on the expression of mammary tumour virus (MTV) DNA in
chromcally infected cells (Ringold et al., 1977). Transcription from the long terminal
repeat (LTR) of MTV increases dramatically upon hormone snmulauon via a glucocorticoid
enhancer element. Binding assays, electron microscopy and nuclease footpririting of
receptor bound to mouse MTV DNA showed that there are five regions of DNA binding,

one upstream and four within the transcribed sequence (Payvar et al., 1983). They are
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bound independcmly and each with approximately the same affinity by the hormone
receptor complex. DNase footprinting indicates there are multple binyding sites within each
region? Some small consensus sequences (glucocorticoid response clémems, GRE) were
found within the bound segments (Scheidereit er al., 1983; Payvar et al., 1983) but they are

"loosely conserved. Overall, there was a surprising lack of homology between different
binding sites (protected from DNase). The regions show homology to ups&eam regions; of
other genes induced by gl.ucoconicoidsl, including the human metallotheinein HA and the rat
liver gene for tryptophan oxygenase, as well as a sequence postulated to be recognized by

the progesterone receptor (Scheidereit er al., 1983). A GRE has also been found in the first
intron of the human growth hormone gene and was shown to confer glucocorticoid
regulation (Slater er al., 1986). @

The upstream hormone-binding region was further characterized by fusing it and
deletion mutants of it to the tk gene and promoter (Majors and Varmus, 1983). An element
between 140 and 190 bp upstream of the mouse MTV transcription start was found to be
sufﬁcierl},\;to confer glucocorticoid resf)onsivéness and can exert its activity independent of
orientation and distance, thus seems to be an enhancer. Constructs of the MTV LTR
(containing the upstream hormone-binding region) and thc\ﬁk gene and promdter wcfe\used °
to produce stable L cell transfectants (Zaret and Yamamoto, 1984).’"’ Transcription from the
tk gene promoter was depcrlldem on the presence of hormone, and the entire region of the
gene became 5- to 10-fold more sensitive to DNase approximately 20 minutes after
hormone treatment. This overall DNase sensitivity was maintained after hormone

~ withdrawal for at least 20 cell generations. They also found an induced hypersensitive site

coinciding with the upstream DNA sequence that is bound by glucocorticoid receptor. This
site took only 7 minutes to establish following hormone treatment; but was reversible upon
hormone withdrawal, suggesting that the induced hypersensitive site forms only when the

glucocorticoid-receptor complex is bound at the GRE (Zare? and Yamamoto, 1984).
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Two Iymphokines which are produced in helper T cells, gamma-interferon and 1L.2,
may share an enhancer’c‘l'ément.. The genes for both are transcn:pti()nally activated upon
antigen and IL1 stimulation with approximately the kinetics (Kronke et al., 1985;
Wiskocil et al., 1985') The sequences which are reqired or'the activation of the human
IL2 gene were localized by fusmg segments of the 5 flanking region and part of ithe first
exon to the chloramphemcol acetyltransferase structural gene (CAT) and transfecting the
helper T cell lines, Jurkat- Illpand E_A (Fujita et. al., 1986). The cell lines were treated '
with TPA (12-O-tetradecanoy! phorbol-13-acetate) orConA which wﬂ(md}lcc IL2
expressmn and then assaved for CAT actwny In this way, they foundghat xhe Edquenu
between -319 and -264 from the transcription start allowed the transfected%éhc to be
inducsd;iby mitog’en stimulation. This seg;nent was able to exert its transcripgional

2

activation effect independent of orientation and was able to activate a heterologous promoter ..
. N ? . . R
(the human beta-interferon gene r - motg ,g% the SCQUC“CC is a regulatory .

ol

enhancer, which isrestricted to activatcj i .‘. . h@'?enot yet been shown to be
effective over long distances from the profno:i'ér Fuyha@e; a«-’ '1986). Interestingly, the
region which was found to be necessary to confer the specificity of IL2 expression
’overlaps a consensus sequence which was id»en’tiﬁed by‘homology to a gamma-interferon
sequence. Potential regulatory sites of the human gamma-interferon gene were localized by
assaying for DNase hypersensitive sites (Hardy et al., 1985). A site was present in cclls"
which can express the gene (Jurkat cells) but not in non-expressing cells. This
hyperschsitive site was present not only in mitogen-induced Jurkat cells, but also in
unstimulated cells in which no gamma-interferon transcript is detectable. The site was
. mapped to a sequence in the first intron of the gene, and a computer scarqh revealed a
homologous sequence in the 5' flanking region of the humaﬁ and mouse 1L2 gene (21

matches of 24 bp). The data suggests that these genes, which are coordinately regulated,

share a regulatory factor that recognizes a common ¢lement.
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As may be apparent in the examples above there is a fine line between "regulatory
elements” and "enhancers". By definition, both potentiate the level of transcnpnon from a
promoter, but with varying degrees of distance and location independence and complexity.
I’n some cases, a collection of regu‘latgry elements, such as the HREs or MREs, might be
considered an enhancer A recurring theme as more is belng leamnt ab%:n the regulatory
regions of genes 1s ‘that more than one element is requlred and it is the combination of
several regulatory DNA sequences which results in correct gene acuvatlon. Consequently,
the current mode! holds that tissue-specific expression is‘conferrgd by a combination of

regulatory elements and signal proteins which bind to them, not all of which are tissue-
- - RS TN

—— h

“specific; and which may be either activators or repressors of expression (Voss er al.,

«

1986).
v

©(c) Post-transcriptional andy’ rwlatbml@nnrrajs . ‘ ‘ . 1

An example of regulation via post-transcriptional processing, discussed previousl‘
is the differential exon usage and splicing to generate membrane or secreted forms of
“immunoglobulin from a single gene. Another example is the tissue-specific expressien of

the calcitonin gene (Amara et al., 1982). This gene produces a long primary transcript,

ideneical in the thyroid and hypothalamus. However, by alternative processing of the

primary transcript, two distinct mRNAs are produced. One encodes the hon'none
caieitonin, and is predonﬁnantly produced in the ;hyroid, and the other encodes calcitonin

gene-related peptide (CGRP) and predominates in the hypothalamus.

Regnlation at the level of translation can occur for almost all sec;i'eted p}oteins
(Walter er al., 1984 and references therein). Proteins destined for memb;ane insertion,
secretion or a cytoplasmic erganelle possess N-terminal signal sequences which are
recognized and bound by signal recognition particle (SRP), an 118 ’cytoplasmic

ribonucleoprotein (Walter and Blobel, 1983). This recognition occurs shortly\ after the

initiation of translation, when the signal sequence protrudes from the ﬁbosome, and
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.effectivelyv\blocks the progression of translaition (Walter and Blobel, 1981). The arrest of
translation is released when the SRP-tra_nslationv complexxbinds to the SRP receptor (or
docking protcin) on the endoplasmic reticulum-(ER) rﬁcmbfane. The protein is then
translated and translocated through the rﬁcmbrane of the ER,' with concomitant cleavage of
the signal sequence, from where it will be segregétcd to its correct de;dng,tion. This control
may be to ensure that protems destined for the cell surface, cytoplasmlc organellcs or
exterior are not synthe51zcd in the cytoplasm, but are directed to the ER. It also prov:dcs
the cell with another mechanism for a rapid and re‘gulatable résponse to external stimuli
(Waltereral, 1984, |
The immunog'lobulin light chains were among the first proteins with which this
mechanism was discovered and investigated. Messenger RNA from murine myelomas,
which expf::ss high levels of immunoglobulins, was used to dcmonstr;te that the o
information for the segregation of a trar;slation producg) is in the mRNA, not in the -
translation ma_chincry (Blobel and Dobberstein, 1975% The lymphokines, all of which afe
secreted, also possess signal sequences, an important realization for in vitro translation
studies, since trans‘latién will not normally proceed in rabbit reticulocye systems without
the exogenous addition of docking protein (Harnish er al., 1986). A curious exception is
IEI. The gene for ILf has been cloned and from the cDNA séqucnce this lymphokine does
not appear to have a sign.. szquence, yet is released from the cell (L,omédico et al., 1984,
March er al., 1985; Auron er al.,; 1984). It will be interesting to see how secretion of this

protein-occurs.

(d) Stabllzty of mRNA
Finally, exprcssmn may also be regulated by altenng the stablhty of the mRNA. A
‘w_ide variation exists in the half-life of different mMRNAs. The transcripts for transiently

expressed proteins such as c-fos or c-myc have half-lives as short as 15 minutes, whereas

other transcripts, such as that for beta-globin, are very stable (Brawerman, 1987). Certain

—
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structural feafufes of mRNA have been identified which inﬂuence‘ their resistance to
degradation, however relatively little is known about this mechanism cd)f’regulation. of
expression. The poly(A)-tail of mRNA is one gcneral feature Wthh seems to corfer some
“stability, since removal of it leads to rapid degradatlon (Huez et al., 1981) In some
oncogenes and lymphokines, specific sequences in the 3" end which shorten the mRNA
half-life have also been found. Experiments usinkg hybnd constructs of GM-CSF and beta-
globin sequences suggested that an AT-rich sequence in the 3 untranslated region of GM-
" CSF mRNA may target it for rapid turnovc’,@ (Shaw ?nd -‘Kamen, 1986). Several -
lymphokines and 1nﬂammatory mediators, as wcll as protooncogenes, were. subsequcntly
found to possess a potential consensus sequcnce in the 3'-untranslated 2egxon of their
mRNAs contdined in the AT-rich region. Several of these short-lived mRNAs accumulate
rapidly when cellular protem synthesis is inhibited. An important feaﬁure of lymphokme
productian is its rapid increase and decline in expression. This pattern of expression helps
to restrict the immune fesponse tn the location and continued presence of antigen. If the 3'
consensus sequence targets the lymphokine mRNAs for rapid degradatiors,‘the observed o
burst of expression is due at least in part to regulation of the mRNA half-life.
2. Recombinant DNA. Methods

The advent of recombinant DNA technology has provided a powefful tool with
which to solve traditional biochemical problems By inserting a piece of foreign DNA into
- a plasmid or phage vcct%h‘nd propagaung this recombinant DNA molecule in bacteria, .
clones carrying the identical DNA information can be produced. This allows the study of
DNA sequences or their coﬁespondi_ng pno{ein products in isolation from other sequences,
and pérmits the production of large amounts of material to study. These techniqﬁés are

%&S‘n’ef}; described in this section.

0
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(aj Construction of cDNA Libraries’
| Complememary DNA libraries’ represent the mRNA population of a cell therefore
only genes which are expressed are 1nc1.uded As starting material for lhc llbrary,\
messenger RNA is isolated from a cell line or tissue of interest. * c‘omplememary DNA
strand (cDNA) o the RNA is §ynthesi2ed by priming with oligo-d(1), which hybridizes to
the 3' poly(A) tail of tne mRNA, and extending the primer using the enzyme rcverse
transcriptase. The cDNA is‘ made double stranded in one of several povssible ways. The
traditional rnetnod was to hydrolyze the RNA template with NaOH, then synthesize the
second strand of DNA using DNA polyrnerase primed from transiently-formed hairpin
structures of the cDNA (Maniatis et al.,l 1982). This method is relatively inefficient, since
| the hairpin structures exist transiently and cloning artifacts can be generated if too much
secondary structure exists. An alternate method is to incubate the DNA-RNA hybrid with.
RNase H, T4 DNA polymerase and T4 DNA ligase (dubler and Hoffman, 1983). The
RNase H 1ntr0duc;e~s nicks in the RI\A from which T4 DNA polymerase can prime and
synthesne a second strand of DNA removing the RNA via 1@powerful exonuclease
activit.. . T4 DNA ligase then j ]oms the newly synthesized DNA fragmems., This method is
not only nnqre efﬁeient than the previous one, put it favors the synthesis of full-leng}h
clopes. A th'{rd apprqa'ch is to tail the 3' end of the cDNA strand with deoxygnanoﬁes
(G's) (Land et al., 1981): After‘.digestion of tne RNA temp.late with RNase A, oligo-d(C)-
is added to hybridize with the oligo-d(G) tail. This provides the primer from which DNA |
polymerase is then used to synthesize the second strand of DNA. Although this rnethod is
efficient, infon'nation at the ends of the mRNA ma_\; be lnst due to incomplete elongation
from the oligo-d(T) or oli go-d(C)_ primers.
. The double-stranded ,‘conxplementary DNA (dscDNA) must then be modified for
insertion into a bacteﬁal vector. The most common method now used is to ligate 'linkers’
o the dscDNA ends using T4 DNA llgase (Goodman and MacDonald, 1979). These

\W
linkers are short double stranded pieces of DNA which contain the recognition site of a
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restriction enzyme; and when cleaved with that enzyme, will produce s;ieflgy ends (short
single-stranded protruding ends). The dscDNA can then be ligated into?a vector which has
been cut w1th the same restriction enzyme and thus has the compl(t‘:men;tary stlcky ends. .‘
. The vector is replicated and camed by host bacterial cells, so it serv s as the vehicle for the

foreign DNA Two types of vector used are plasmid vectors and bactenophage vectors

kY

(Mamaus et al., 1982). Plasmld vectors are relanvely sm

used to transfect bacterial cells directly, by incubating th ;DNA with the cells in the

- presence of CaCls. Bacteriophage DNA is packaged in })/ Ao" into infectious virus particles
[ 4 nf) ’ 4

" much more efﬁcient method of

introducing the recombtnant DNA into the host cel s{\so that more clones are generated per

before. transfecttng the bactenal host. This represe

‘/

mole of dscDNA. However, once a clone of mterest is identified, it usually must be
subcloned into a plasmid vector, since phage DNA is quite large typrcally 30 to 60 kb,
which makes it difficult to work with the insert DNA, usually only 1 or 2 kb. The vector,
whether phage or plasmid, normally carries a sglectable marker, so that cells carrying
recombinant DNA can' be selected for Regardless of the vector used, the population of |
cells which has been transformed with the reco.mbin‘ant DNA is referred to as a cDNA

i

- library.

(b)v_Screeni_ng c¢DNA libraries v

Most often, the purpose of screening a cDNA library is to isolatJe,a'clone
representing a prlevi'ously cha’r‘actedzed protein. In.this casé, one possihility is to express
the protein in its bacterial environment and screen using .antibodies ‘to the protein or a
: functtonal assay (Huynh etal., 1985). A more common approach, if some of the protein'
sequence 1s known, is to synthesxze and radloactlvely label the correspondmg DNA
sequence to use as a probe to screen the library (Monuch1 etal., 1983). ©

Another approach is to isolate clones which are spec1ﬁcally expressed n the cells

- from which the library was generated; wrthout knowing what protel_ns they would encode. -
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The rationale behind this approach is that every cell must express, in addition to common
genes required for ihouse-keeping' duties, a chamcteﬁélic set of ‘genes nt:'ceSsary for th'lr
cell's specralrzed function. By 1dent1fy1ng such cell specrﬁc genes. and determining the
_ nature of the protein product, mformatron can be garned regardlng how that type of cell

" carries oquts function (Crampton et al.; 1980; Mather etal, 1981 Milner and Sutcliffe,
1983) .

Two general methods for identifying.cell-s'pecific clones are differential and -
subtractive screening. Differential screening is carried out by synthesizing radioactive
eDNA from 'several cell types to use as probe. The types of‘ celils shoold include the cells
of interest and other related cells whic’h do not carry out th'e same functoné.‘ Wher)'the
library is screened wiih the probe generated from the (t:‘ells of interest, every clone should
hybridize, since all nressepger RNA species expressed in that cell are represented both in
the lrbrary and in the probe. However when the cDNA llbrary 1s screened wrth probc
from a related cell ty pe only clones which represent mRNAs common to both cell types.
w111~hybndlze with the probe and give a positive radioactive signal. Clones Wthh were
derived frorrr' cell-specific mRN As are not represented in probe madefrom other cells andi
grye no signal or a weak 'si‘gnal. I’t is these c]ones‘».vhich are of interest. Exqmp]eS of
clones which were identified by thi's‘ tecljniqpe are PDGF-inducible Sequences (Cochran &
al.,~\i983) and adipose genes whicb are developmentally regulated (Ringold ¢t al.; 1986). )

The method of subtractive screening is simrlar, but rather than successivelyprobing
the library wjtheDNA made from different types of‘cellsd, a lérge amount of hig}: specific -
activity probe is synthesized from the cell typelof interest. This probe is then b);bridized .
'successwely with mRNA from other types of eells Common mRNAs hybridize. to their
complememary DNA in the probe 'subtracting" them out. The remaining smgle stranded

material represents cell-specific mRNAs and can be purified by HAP-chromatography

(Davis et al., 1982). After several rounds of subtraction of common sequences, the
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remaining cell-specific probe is used to screen the cDNA library, and clones which are
hybridized by the probe are the cell-specific clones of interest. _
| The method of subtractive screening is a much more sensitive one,-since the criteria
is a positively hybridizing clone, whereas iln differential screening, clones which are
relatively more positive withlone prob<e\must be identified. For low abundance mRNAs, )
the difference in signal intensity between probe derived from expressing and non-
exprewng cells may not be significant, consequently subtracttve screening is the method of
choice if clones of low abundance are de51red In fact, this method was originally designed
in order to isolate a clone for the elusive T cell receptor (Hedn'ck et al., 1984). However,
to use subtractive screening, a large amount of mRNA from the'cellls of interest m‘ust be
_available as starting material for synthesis of the probe, since only a small fraction

(approximately 0.3%) is left after subtraction and at least two rounds of screening must be

carried out to eliminate background positives.

1

B

(c% Genomic Clones

LA CDNA ltbrary represents the mRNA spe?:tes in a particular type of cell and
. | theteforeﬁoesn 1 contain any information on the gene structure or how the transcrlptton of
" the gene 1§ tegnlzg’ted For this sort of 1nformatton a genomic clone must be 1solated
* Genomic hbrarges are constructed by shearing or parttally digesting genomic DNA w1th a
restriction enzyme, to generate an average length of 20 kb (Maniatis er ai., 1982). This is
then ligated to a bacteriophage vector and packaged for transfeetlon of a host bacterta
These large genomtc DNA clones are used to determtne the exon/mtron arrangement of the
genes and map the pr_omote{ regton and pOSS‘lblC regulatory sequences.

I3



CFOCUSOFTHISWORK' . = [ .
The aim of tlus study has been to use the' power of molecular genettc techmque\‘ to
study (1) how a cytotox1c T cell carnes out 1ts functton and (2) control of expresmon of

N

CTL-specific genes.
Although B and TH cells have been the focus of intense research in the past,-CTL
| remamed neglected due in large part to the lack of avallaBle cell lme% untll reccnt year&‘.
.Thereforc the mechanisms by Wthh a klller T cell lyses its tafget have remamed quxte
mysterious. Assuming CTL possess a charactenstlc set of protems to carry out thetr
specialized function, these must be encoded by mRNA transcnpts which are C’I'L specrﬁc
My approach to id:rftit'ying molecules - hich are necessary for ktll'er cell functxon has bccn s
to gen’erate acl A library fro_'m a cloned cytotoxic T cell ‘l-me and use d‘tffgrcntla‘l .
hybridization ar 1i1vsis to identlfy recombinants which repreSe;tt mRNAs trahscri’bed in
mouse cytotoxic ~ czlls and not in othercell types. o | | \

The iden .I cation 1 and charactenzauon of cDNA clones 1§oldted in lhlS manner are .
discussed in the tollowmg chapter The sequence and 1mp]1cated functton of the protem :
products i is then presented The next chapter descnbes the 1solat on and mdppmg of the
corresponding gehomlc clones, ancl localization of regions of tée genes which’ ‘n_my:hc _

-

involved in regulation.



- BIBLIOGRAPHY

Abramson, S., Miller, R G., and Phrlllps R.A. (1977). The identification in adult bone
marrow of p]unpotem and restricted stem cells of the myeloid and lymphoid
systems. J. Exp. Med. 145:1567-1579.

Adams, D.O., and Hamilton, T:A. (1984). The cell blology of macrophage activation.
Ann. E;v Immunol.2:283-318.

Adams, .M. (1980). The orgamzauon and expressmn of 1mmunoglobu1m genes.
Immunol Today 1:10-17.

Amara S. E‘f Jonas,. V., Rosenfeld M.G., Ong, E.S., and Evans, R. M (1982).
Alremanve RNA processing in calcuomn gene expression generates mRNAs
ea(odmg different polypeptide products. Nature 298:240-244.

Anderson, J.E. (1984). The effect of steroid hormones on gene transcription. In Biological
; Regulanon and Development 3B Hormone Action, R.F. Goldberger and K.R.
Yamamoto eds. (New York: Plenum) pp169-212.

,Augereau P, and ‘Chambon, P. (1986) The mouse immunoglobulin heavy -chain
enhancer: effect on transcription in vitro and binding of proteins presentin Hel.a
and lymphoid B cell extracts. EMBO J. 5:1791-1797.

-‘Auron P.E., Webb, A.C., Rosenwasser, L.I., Mucci, S.F, Rich, A., Wolff, SM and
Dmarel]o CA. (1984) Nucleotide sequence of human monocyte interleukin 1
precursor cDNA. Proc. Natl. Acad. Sci.USA 81:7907-7911.

\g* 3

+ Banerji, J., Olsen, L., and Schaffner, W. (1983). A lymphocyte- -specific cellular enhancer
is located downstream of the joining regron in immunoglobulin heavy chain genes.
Cell 33:729-740.

Bankert R.B. Mayers G.L., and Pressman, D. (1978). Clearance and re-expression of a
myeloma cell's antigen-binding receptors induced byaligands known to be

L immunogenic or tolerogenic fot normal B lymphocytes: a model to study membrane
= events associated w1th B cell tolerance. Eur. J. Immunol 8:512-519. )

Benorst 'C., and Chambon, P. (1981). In Vivo sequence requlrements of the SV40 early
promoter region. Nature 290:304-310.

Benorst C O'Hare, K., Breathnach R., and Chambon, P. (1980). The ovalbumin gene-
sequence of putative control regions. Nucl. Acrds Res. 8:127-142.

. Bergman Y., Rice, D., Grossched], R., and Baltimore, D. (1984). Regulatory sequences
requrred for kappa light chain gene expressron J. Cell. Biochem. 8:112-117.

Berke G. (1983). Cytotoxic lemphocytes how do they function? Immunologzcal Rev.
72:5-42.

Brenz M., and Pelham, H.R.B. (1986). Heat shock regulatory elements function as an

? inducible enhancer in the Xenopus hsp70 gene and when linked to a heterologous -

- promoter. Cell 45:753-760.

‘ ‘ . 39b



40

Bird, A.P. (1984). DNA methylation - how important in geng. control? Nature 307:503-
: 504. , T
Blobel, G., and Dobberstein, B. (1975). Tf'&ng’fer of -proteins across membranes 11.

Reconstitution of functional rough microspmes from heterologous components. .J.
Cell Biol. 67:852-862. : .

Brawerman, G. (1987). Determinants of messenger‘RNA stat;’ility. Cell 48:5-6.

Calame, K.L. (1985). Mechanisms that regulate immunoglobulin gene expression. Ann.
Rev. Immunol. 3:159-195. -

‘Cantor, H., and Boyse, E.A. (1975). Functional subclasses of T lymphocytes bearing
different Ly antigens 1. The generation of functionally distinct T cell subclasses is a
differentiative process independent of antigen. J. Exp. Med. 141:1376-1389.

Cantor, H., and Boyse, E.A. (1977). Lymphocytes as models for the stuc.l.y of mammalian
cellular differentiation. Immunological Rev. 33:105-124. '

Chamnay, P., Me:llon, P., and Maniatis, T. (1985). Linker scanning mutagenesis of the 5'-
flanking region of the mouse beta-major globin gene: sequence requirements for
_transcription in erythroid and nonerythroid cells. Molec. Cell. Biol. 5:1498-1511.

Chien, Y., Gascoigne, N.R.J., Kavaler, J., Lee, N.E., and Davis, M.M. (1984). Somatic
" recombination in a murine T cell receptor gene. Nature 309:322-326.

Cochran, B.A.\’:"-,lReffel, A.C., ang. Stiles, C.D. (1983). Molecular cloning of gen
© sequencestegulated by platelet-derived growth factor. Cell 33:939-947. -

Corden, J., Wasylyk, B., Buchwalder, A,, Sassone-Corsi, P., Kedinger, C., and
Chambon, P. (1980). Science 209:1406-1413, N -

Cotner, T., Williams, J.M., Christenson, L., Shapiro, H.M., Strom, T.B., and
Strominger, J. (1983). Simultaneous flow cytometric analysis of human T cell
activation antigen expression and DNA content. J. Exp. Med. 157:461-472.

Crampton, J., Humphries, S., Woods, D., and Williamson, R. (1980). The isolation of
cloned dscDNA sequences which are differentially expressed in human
lymphocytes md@ﬁbr@lasts. Nucl. Acids Res. 8:6007-6017.

' Davis, MM., Calame K.;%azy, P.W., Livant, D.L., Joho, R., Weissman, LL., and
Hood, L. (1980). An immunoglobulin heavy-chain gene is formed by at least two
recombinational events. Nature 2&:733-739. . '

Davis, MM., Cohen, D.L, Nielson, E.A., DeFranco, A.L., and Paw W.E. (1982). The
isolation of B and T cellyspecific genes. In B and T Cell Tumors, E. Vitteta and
C.F. Fox, eds. UCLA Symposium 24:215-220.

-Davisen, BL.; Egly, J.-M., Mulvihill, ER., and Chambon, P. (1983). Formation of -
stable preinitiation complexes between eukaryotic class B transcription factors and
promoter sequences. Nature 301:680-686. N '

Dennert, G., and Podack, E.R. (1983). Cytolysis by H-2 specific T killer cells. J. Exp.

Med. 157:1483-1495. o : :



4

Dexter, T.M., and Lajtha, L.G. (1974). Proliferation of haemopo1enc stem cells m vitro.
Br. J. Haematol. 28:525- 530.

Dierks, P van Ooyen, A, Cochran M.D., Dobkin, C., Reiser, J., and Weissman, C.
(1983) Three regions upstream from the cap site are requrred for efficient and
accurate transcription of the rabbu beta-globin gene in mouse 3T6 cells. Cell
32:695-706. 5 ,

Duke, R.C., Charvenak, R., and Cohen, J.J. (1983). Endogenous endonuclease- 1nduced
DNA fragmentation: an early event in cell-mediated cytolysrs Proc. Natl Acad

Sci. USA 80:6361-6365.
o

Dynan, W.S., and Tjian, R. (1983). Isolation of transcription St factors that discriminate
between drfferent promoters recogmzed by RNA polymerase I1. Cell 32:669- 680

Dynan, W.S., “and Tjian, R. (1985 Control of\karyotrc messenger RNA synthesr? by
: sequence-specific DNA- b1nd1ng protems Nature 316:774-718,,
o‘é ',?
Eardley, D.D., Shen, FW., Gershon R K., and Ruddle, N.H. (1980). Lympholoxm
produenon by subsets ofT cells. J. ]mmunol 124:1199-1202.

Early, P, Rogers, J., Davrs M., Calame, K., Bond, M., Wall, R., and Hood L. (1980), :
Two mRNAs can be produced from a srngle 1mmunoglobulln mu gene- by
alternative RNA processrng pathways. Cell 20:313-319. \ :

Elgrn S.C.R. (1982) ‘Chromatin structure,'DNA structure. Nature 300:402- 403

Elllou 1F., Lin, ) -Mizel, S.B., Bleackley, R.C., Harnish, D.E., and Paetkau, V.
(1984) Induction of 1nterleulqn Z%esseng‘gr RNAuaghrbned by cyclosponn A.
Science 226 1439 1441 PlEet. 5 & 946 ; _

% 45" 3 .

Emerson, B.M,, Lewrs” C’ D., and Felsen'feld G (1985) “Interactfon of specific nuclear
factors wnh the nuclease -hypersensitive region of the c@lcken adult beta- globm
gene: Nature of the binding domain. Cell 41:21-30.

“Ephrussi, A., Church, G.M., Tonegawa, S., and Gilbert, W (1985) B 11neage specf%

interactions of an 1mmunoglobulm enhancer with cellular factors in vrvo Sciendg:

227:134-140. , :

Fathman CG., and Fitch, F.W., eds. (1982) Isolation, Charactenzatron and Utilization of

* lemphocyte clones. (New York: Academic). E
DT &bu ‘

: Frre A., Samuels, M., and Sharp, P.A. (1984). Interactiens betwgen RNA polymerase II,
factors and templave leading to accurate transcnpnon J. Biol. Chem. 259:2509-
2516. v :

Fujita, T., Shibuya, H., Ohashi, T., Yamanishi, K and Tamguchr T. (19216) Regulanon
of human interleukin 2 gene: functional DNA sequences in the 5' flanking region
for the gene expression in activated T lymphocytes Cell 46:401-407.

Fung, M.C,, Hapel, AJ,, Ymer, S., Cohen, D.R,, Johnson,RM Campbell, HD and
}(;:)ung, 1.G. (1984) Molecular clomng of cDNA for murine interleukin 3. Nature
7:233-237. . : .



42

Gally, JA (1973). Structure of Immunoglobulms In The Antigens, M Sela, ed. (New
' York: Acadermc Press) vol. 1, pp161 -298. )

'Y : :
Garel, A., and Axel, R. (1976). Selective dlgesnon of transcriptionally active ovalbumin
genes from oviduct nuclei. Proc. Natl. Acad. Sci. USA 73:3966-3970.

Garel, A, Zol'an, M., and Axel, R. (1977). Genes transcribed at diverse rates have a -
similar conformation in chromatin. Proc. Natl: Acad. Sci.USA 74:4867-4871 ..

Germain, R.N., and Malissen, B. (1986). Analysis of the expression and function of class

11 major histocompatibility compiex-encoded molecules by DNA-mediated gene
transfer. Ann. Rev. Immunol. 4:281-315. ~

Glguere V., Isobe, K.-1., and Grosveld, F (1985) Structure of the murine Thy 1 gene.
EMBO J. 4:2017- 2074 : .

Gillies, S. D Morrison, S. L Oi, V.T., and Tonegawa, S. (198?) A tssue-specific
transcnpnon enhancer element is located in the major intron of a rearranged
immunoglobulin heavy chain gene. Cell 33:717-728.°

Gold, D.G., Puck, J.M., Pettey, C.L., Cho, M., Coligan, J., Woody, J.N., .and
Terhorst C. (1986) Isolatlon of cDNA clones encodmg the 20K non- glycosyldtcd
polypeptide chain of the human T cell receptor/T3 complex. Nature 321:431-434.

Goodman, HM., and MacDonald, R.J. (1979). Cloning of hormone genes from a mixture
of cDNA molecules. Meth. Enzymol. 68:75-90.

Gough, N. (1981). The rearrangements of immunoglobulin genes. TIBS 6:203-205.

Gough, NM,, Gough, J., Metcalf, D., Kelso, A., Grail, D., Nicola, N.A., Burgess,
AW, and Dunn, AR. (19%) Molecular clomng of cDNA encodmg a murine

heamatopoxenc growth regulator, granulocyte macrophage colony snmulanng
factor. Nature 309:763-767.

Gray, P.W., Aggarwal, B.B., Benton, C.V., Bringman, T.S., Henzel, W.J., Jarrelt
J.A. Leung, D.W., Moffat, B., Ng, P., Svedersky, LP@nadmo M.A., and
Nedwm G.E. (1984) Cloning and expression of cDNA for human lymphotoxm a
lymphokine with tumour necrosis activity. Nature 312:721-724.

Gray, P:W., and Goeddel, D.V. (1983) Cloning and expres:.on of murine immune
\ 1nterfcron ¢DNA. Proc. Nail. Acad. Sci. USA 80:5842-5846.
/

.'G@y, W.W., Schrader, W T and O'Malley, B.W. (1982). Activation, transformation |
and subumt structure of steroid hormone receptors. Endocrine Rev. 3: 141 163.

Grosveld, G.C,, Shewmakcr CK., Jat, P, and Flavell, R.A. (1981). Localization of

‘DNA sequences necessary for transcription of the rabbit beta- globm gene in Vitro.
Cell 25:215-266.

Gubler, U., and Hoffman B.J. (1983). A 51mple and very efﬁc1cnt mcthod for ;encratmg
cDNA libraries. Gene 25:263-269.

' '



43

VHardy KJ Petcrlm B.M., Atchlson R.E., and Stobo, J.D. (1985). Regulation of
expression of the human interferon- gamma gene Proc. Natl. Acad. Scz USA
- 82:8173- 8177 )

Harhish, D.G., Blegckley, R.C., Havele, C., Lobe, C.G., and Pactkau, V. (1986).
Translocauo? of murine interleukin 2 into microsomes durmg tmnslauon in a cell-
free systemi’Mol. Immunol. 23:201-207. ;

Hedrick, S.M., Nlelson, E.A., Kavaler, J., Cohen, D.I., and Davis, M.M. (1984).
Sequence relationships between putative T cell receptor polypeptides and
immunoglobulins. Nature 308:153-158. _

Henkart, P.A., Millard, P.J., Reynolds,*C.W., and Henkart M.P. (1.984) Cytolytic
§ acuvny of purified cytoplasmxc granules from cytotox1c rat large granular
]ymphocyte tumors. J. Exp. Med. 160:75-93."

Herberman R R Nunn, M.E,, an Launn D.H. (1975). Natural cytotoxic macnvny of
mouse lymphoxd cells against syngeneic and allogeneic tumors 1. Dlsmbunon of
reactivity and spemﬁcuy Int. J. Cancer 16:216-229.

Hood, L., Steinmetz, M and Malissen, B. (1983). Genes of the ng*or histocompatibility
complex of the mouse. Ann. Rev. Immunol. 1:529-568.

Hozumi, N and Tonegawa, S. (1976). Evidence for somaticl rearrangement of
immunoglobulin genes coding for variable and constant regions. Proc. Natl. Acad.
Séi. USA 73:3628-3632. :

Huez G., Bruck, C., and Cleuter, Y. (1981). Translational stability of native and
deadenylated rabblt globln mRNA-injected into HeLa cells. Proc. Nail. Acad. Sci.
USA78:908-911:

Huynh, T., ‘ Young R.A, and Davis, R.A. (1985). Constructing and screening cDNA
l1brane€ in lambda gt10 and lambda gt11. In DNA Cloning, A Practical Approach,
D‘M Glover, ed. (Oxford ILL).

Jones, KA, Kg onaga JT Rosenfeld, P.J., Kelly, T.J., and’ Tjian, R. (1987) A
* cellular DNA-binding protein that activates eukaryotlc transcription and DNA

replication. Cell 48:79-89. i . _
n(factors

Jones, K.A,, Yamamoto K.R.; and Tjian, : (1985) :Fwo distinct transcriptio
bind to the HSV thymxdme kinase PR ot%r in v1trc$‘ell 42: 559 572, %

* Jones- Vllleneuve E,, and Phillips, R.A. (1980) otenuah,fogs i

P o 1ffercn auonby
cells from long term: cultures ofbone métrow. Exp. He' iR o

Karm M., Haslrngcr A, Holtgreve, H Rlchards R.I, Krauter P Westphal;'
and Beato, M. (1984) Characterization of DNA sequences through which cadirti

. and glucocorticoid hormones induce human metalloth1one1n IIA gene. Nature
308:513-519. \

Kashima, N., Nishi-Takaoka, C., Fujita, T., Taki, S., Yixnfadé G., Hamuro, J., and.
Tamguchl T. (1985). Umque structure of murine interleukin 2 as deduced from
cloned eDNAs. Nawure 313:402-404.



44

Kelly, K., Cochran B.H,, Stilés C.D., and Leder, P. (1983). Ccll-specific regulation of

the c~myc gene by lymphocyte mitogens and platelet-derived growth factor. Cell
35:603-610.

Kinashi, T., Harada, N., Severinson, E., Tanabe, T., Sideras, P., Konishi, M., Azuma,
C., Tominaga, A., Bergstedt-Lindqvist, S., Takahashi, M., Matsuda, F., Yaoita,
Y., Takatsu, K., and Honjo, T. (1986). Cloning of complementary DNA encoding
T cell replacing factor and identity with B cell growth factor 1II. Narure 324:70-73.

Kohler, G., and Milstein, C. (1975). Continuous cu]tures of fused cells secreting antibody

of predeﬁncd specificity. Namre 256:495-497. ~
'I\bhno K., Sullivan, M and Yamada, Y. (1985) Structure of the promoter of the rat
type 11 procol]age_n gene. J. Biol. Chem. 260:4441-4447.

Koo, G.C., and Hatzfield, A. (1980). Antigenic phenotype of mouse natural killer cells. In
Natwal Cell-Mediated Immunity Against Tumours, R.B. Herberman, ed. (New
York: Academic) pp 105-116.

~Kronke M., Leonard, W.J, Depper J.M., and Greene, W.C. (1985). Sequential

expression of genes mvolved in human T lymphoctye growth and differentiation. J.
Exp. Med. 161:1593-1598.

Kupfer, A., and Dennert, G. (1984). Reorientation of the microtubule- -organizing center

and the golgi apparatus in cloned cytotoxic lymphocytes mggercd by binding to
lysable target cells. J. Immunol.133:2762-2766.

Land, H., Grez, M., Hauser, H., Lindenmaier, W., and Schutz, G. (1981). 5'-€rminal
-- sequences of eukaryotic mRNA can be cloned with high efficiency. Nucl. Acids
Res. 9:22512266.

Lee, F., Takashi, Y.‘, Otsuka, T., Meyerson, P., Villaret, D., Coffman, R., Mosmann, T.,
' Rennick, D., Roehm, N., Smith C., Zlotnik, A., and Arai, K.-1. (1986). Isolation
and characterization of a mouse interleukin cDNA clone that expresses B-cell
stimulatory factor 1 activities and T cell and mast cell sumulatmg activities. Pror
Natl. Acad. Sci.USA 83:2061-2065.

Lee, F., Yokota, T., Otsuka, T, Gemwell "L., Larson, N., Luh, I., Arai, K. I and
Renmck D. (1985) Isolation of cDNA for a human granulocyte macrophagc

colony-stimulating factor by functional cxpressmn in mammalian cells. Proc. Natl.
_Acad. Sci. USA 82:4360-4364. L
Lomedico, P.T., Gubler, U., Hellman, C.P., Dukovich, M., Giri, J.G., Pan, Y.-G.E..
Collier, K., Semionow, R., Chua, A.O., and Mizel, S.B. (1984). Cloning and
cxprcssion of murine imer]eukin 1 cDNA in Escheria coli. Nature 312:458-462. .

Lowenthal JW Tougne, C MacDonald, HR Smith, N.A, and Nabholz, M. (1985).
Anugemc stimulation regulates the expression of IL2 receptors in a cytolytic T
lymphocyte clone. Jﬁgmmunol 134:931-939.

MacDermott, R.P., Schmidt, R.E., Caulfield, J.P., Hein, A., Bartley, G.T., Ritz, J,
Schlossman S.F., Austen, KFb and Stevens, R.L. (1985) Protcoglycans in cell-
mediated cytotoxicity. J. Exp. Med. 162:1771-1787.



2 45
4

MdJOrb J., and Varmus, H.E. (1983). A small region of the mouse mammary tumor virus
Iong terminal repeat confers glucocomcord hormone regulation on a linked
heterologous gene. Proc Natl. Acad. Sci.'USA 80:5866-5870.

Malissen, B., Price, M.P,, Goverman J M., McMillan, M,, Whlte I, Kappler J.,.
Marrack P., Plerrgs A., Pierres; M., and Hood, L. (1984) Gene transfer of H-2

class Il genes: antigen presentation by mouse fibroblast and hamster B cell lines.
Cell 36:319-327. ‘

Maffatis, T., Fritschi, E.F., and Sambrook, J. (1982). Molecular Cloning, a Laboratory
Manual. (Cold Spring Harbor, New York: Cold Spring Harbor Laboratory).

<March, C.J., Mosley, B., Larsen, A Cerretti, D.P., Braedt, G., Price, V., Gillis, S,

Henncy, CS., Kronhelm SR Grabstein, K Conlon, PJ Hopp, T.P,, and

N Cosman, D. (1985) Cloning, sequencé and expression of two dtstmct human
‘ interleukin 1 complementary DNAs, Nature 315 641-647.

Mather, E‘L Al FW Bothwell, A.LM., Baltimore, D., and Koshland, M.E. (1981).
Expresston of J chain RNA in cell lines representing different stages of B
lymphocyte differentiation. Cell 23: 369 378.

Mayo, K.E., and Palmiter, R.D. (1981). Glucocorticoid regulation of metallothionein I
3 mRNA synthesrs in cultered mouse cells. J. Biol. Chemn. 256:2621-2624. .

‘McKnight, S. L., Kingsbury, R.C., Spence, A., and_Smith, M. (1984). The distal
transcription signals of the hcrpesv1rus tk gene ‘share a common hcxanucleotlde
control sequence. Cell 37:253-262.

MCI_]]lnk F.C.P., Philipsen, J.NJ,, Gruber M, and Ab, G. (1983). Methylanon of the ’
' chicken v1tellogemn gene: influence of estradxo] administration. Nucl. Acids Res.
11:1361-1373.

Melton, D. W., Konecki, D.S., Brénnand, J., and Caskey, C.T. (1984). Structure,
expression, and mutation of the hypoxanthme phosphoribosyl transferase gene.
Proc. Natl. Acad. Sci.USA 81:2147- 2&1

- Mercola, M., Wang, X.-F., Olsen, J. and Calame, K. (1983) Transcnptlonal enhancer
o clemcnts in the mouse immunoglobulin heavy chain locus. Science 221:663-665.

Mercalf, D. (1986) The molecular biology and functions of the granulocyte -macrophage
colony-stimulating factors. Blood 67:257- 267

Metcalf M. (1985). The granulocyte-macrophage colony-stimulating factors Sczence
229:16-22. a

Milner, R.J.,, and Sutcliffe, J.G. (1983). Gene expression in rat brain. Nucl Acids Res.
11: 5497 5520. - '

" Moller, G., ed. (1985). Interleukins and lymphocyte activation. Immunol. Rev. 63:1_,-205.

Moriuchi, T., Chang, H.-C., Denome, R., and Silver, J. (1983). Thyl cDNA sequcnce
suggests a novel- regulatory mechamsm Nature 301:80-82.



= 46
Masmann, -’I:T‘ Cherwinski, H., Cher, D., Bond, M, and Coffman R. (1986). Two types
- of mouse helper T cell clones differ in funcnon and produce distinct sets of

e lymphokines. Sixth Intemanonal Congress of Immunology, p. 299 Abstract
' 3. 21.23

’ Mvers R.M,, Tilly, K and Maniatis, T. (1986). Fine structure gcnetlc analysis of a beta-
' globm promoter.-Science 232:613-618.

Nabholz, M., and MacDonald, HR (1983). Cytolytic T lymphocytes Ann. Rev
Immuno’ 1:273-306.

© Neckars, LM., and Cossman J. (1983). Transfemn receptor 1nducnon in mitogen-
stimulated human T lymphocytes is required for DNA synthesis and cell division
* and is regulated by mterleukm 2. Proc. Nat. Acad. Sci. USA 80 3494-3498.

. Noma, Y Sideras, P., Naito, T., Bergstedt Lindquist, S., Azuma C Seven%on E.
Tanabe T., Kanash1 T., Matsuda F., Yaoita, Y., and Honjo; T. (1986) lomng
of cDNA encodmg the murme IgGl induction factor by a novel strategy using SP6

~ promoter. Naxure 319:640-646. S
".Nunn EE Herberman, RB and Holden, H.T. (1977). Natural ‘cell-mediated

" cytotoxicity in mice against non- 1ymph01d tumour cells and some normal cells. /nr.
J. Cancer 20:381-387.

. Ortaldo, JR and Herberman, R.B. (1984) Heterogeneity of natural killer cells Ann.
Rev. Immunol.) 2:359- 394 _

;"Paetkau V Shaw J., Mills, G., and Ca 1an B. (1980) Cellular origins and targets of
costlmulator (IL2) lmmunol 1:157-175.

Parker C.S., and Topol, J. (1984). A Drosophila RNA polymerase 11 transcriptior: fac tor
contains a promoter region-specific DNA-binding activity. Cell 36:357-369.

. Parnes, J.R. (1986) T cell dxffercnnauon antigens: proteins, genes and funcuo{r‘
Bzoessays 4:255-259.
Payvar, F., DeFranco, D., Firestone, G.L., Edgar, B, Wrange 0., Okrel S.,
' Gustafsson J.-A,, and Yamamoto, K. R. (1983). Sequenec spec1ﬁc binding of
glucocomcmd receptor to MTV DNA at sites within and upstream of the transcribed
— region. Cell 35:381-392.

Pﬁ}ham H.R.B. (1982). A regulatory upstream promoter element in the Drosophlla hsp?() "
. """ heat-shock gene. Cell 30: 517-528. o .

Pcnmca D, Nedwm G.E, Hayfhck J.S., Seeburg, P.H. Derynck R, Palladmo '

‘ M.A,, Kohr, W.J,, Aggarwal B.B,, and Goeddel, D{/ (1984). Hur’)1an tymour

" " necrosis factor: precursor structure, expression and homology to lymphotoxm
Nature 312:724-729.

.y, R.P. (1981). RNA processing comes of age. J.Cell BIOI 91:285-38s.

| ersson, H., and Leder, P. (1984). Nuclear localization and DNA bmdmg properties of a

protein expressed by human c-myc oncogene. Scienge 225:718-721. | <



47

Perussia, B., Acuto, O., Terhorst, C., Faust, J., Lazarus, R., Fanning, V., and

Trinchieri, G. (1983). Human natural killer cells analyzed by B73.1, a monoclonal

- anubody blocking Fc¢ receptor funtion. Studies of B73.1 antibody-antigen
interaction on the lymphocyte membrane. J. Immunol. 130:2142-2148.

Picard, D., and Schaffner, W. (1984). A lymphocvte speciﬁc enhancer in the mouse
1mmunoglobu1m kappa gene. Nature 307: 80 82.

Podack ER., and Konigsberg, P.J. (1984) Cymlnlc T cell granules. J. Exp. Med
160:695- 710, )

Rabellino, E.M., Ross, G.D., and Polley, M.J. (1978). Membrane receptors of mouse
leukocytes I. Two types of complement receptors for different regions of C3. £
Immunol. 120: 871- 879. :

Redelman, D., and Hudig, D. (1983). The mechanism of ccll mediated cytotoxicity. Cell.
‘ lmmunol 81:9-21.

Reid, K.B.M., and Porter, R.R. (1981). The proteoly.tic activation systems of
compleus.nt. Ann. Rev. Biochem. 50:433-464. _

Reinherz, E.L., Meuer, S.C., and Schlossmah, S.F. (1983). The human T cell receptor:
analysis with cytotoxic T cell clones. Immunological Rev.74:83+112.

Richards, R.I., Heguy, A., and Karn, *1. (1984) Structural and functional analysis of the’
human metallothionein-IA gene: diffefential inductien 'by metal ions and
glucocorticoids. Cell 37:263-272.

Ringold, G.M., Chapman, A.B., Knight, D.M., Navre, M.E., and Torti, F.M. (1986).
The hormonal control of developmentally regulated adipose genes. J. Cell.
Biochem. 10D:90 Abstract O25.

Ringold, G.M., Yamamoto, K.R., Bishop, JM., and Varmus, H.E. (1977).
Glucocorticoid-stimulated accumulation of mbuse mammary tumor virus RNA:
increased rate of syniiiesis of viral RNA. Proc. Natl. Acad. USA 74:2879-2883.

Robb, R.J.,-Greene, W.C., and Rusk, C.M. (1984). Low and high affinity cellular
_teceptors for interleukin 2. Implications for the level of Tac antigen. J. Exp. Med.
160:1126-1146. - -

Rosenberg, S.A., Spiess, P., and Lefreniere, R. (1986). A new approach to the adoptive
immunotherapy of cancer with tumor-infiltrating lymphocytes. Science 233:1318-
1321.

Ruddle, N.H. (1985) Lymphotoxm redux Immunology Today 6:156- 159.

Rusk, C.M., and Robb, R.J. (1987). Ligand crosslinfing studies on high and low- afﬁmty
IL.2 receptors. Lymphokine Research 6: Abstract 1615.

Saito, H., Kranz, D.M,, Tadagaki, Y., Hayday, A.C., Eisen, H.N,, and Tonegawa S.
(1984) A third rearranged and expressed gene in'a clone of cytotoxic T
lymphocytes. Nature 312:36-40.

@



D P “ 48

Ko

Schexderelt @mGeﬁé%.'S;f&stphat H.M., and Beato, M. (1983). The glucocomcoxd

mammary tumog__v _)?}Varure 304:749-752.

Schmrd D.S., Tite, I.P,, arrdﬁ ddle N.H. (1986). DNA fragmentation: Manifestation of

target cell destructlon mediated by cytotawi¢ T cell lines, lymphotoxin-secreting
helper T cell clones and cell-free lymphotoxin-containing supematants Proc. Nar[

Acad. Sci. USA 83:1881-1885.

-

receptorsbit % di ed nucleonde sequences near the promoter of mouse

e

Schrgder, JW., and Schréder, S. (1978). In Vitro studies on lymphocyte differentiation. I. - -

Long term in vitro culture of cells giving =, to functional lymphocytes in irradiated
mice. 4. Exp. Med. 148:823-828. -

Scollay, R, Reichen, R., Kyewski, B., Fink, P., Shortman, K., Ezine, S., Gallatin, M.,

~ Butcher, E., Rouse, R., Kaplan, H., and Weissman, 1. (1984). Thymic
" lymphocyte maturation. In The Lymphocyre: Structure and Function. J.].
Marchalonis, ed. (New York: Marcel Dekker) pp.179-248..
' \

Searle, P.F., Stuart, G.W.,, and Padlmiter, R.D. (198‘3) Burldmg a metal-responsive

promoter with syntheuc regulatory elements: Mol. Cell. Bm[ :1480-1489.
g.
Sen, R., and Baltimore, D. (1986). Multiple nuclear factors rmeruct with the
immunoglobulin enhancer sequences. Cell 46:705-716.

Shaw, ‘G., and Kamen, R. (1986). A c‘on'served AU sequence trom the 3 untra.nsluted

region of GM-CSF mRNA mediates selective mRNA degradation. Cell 46:659-
667.

Slater, E.P., Cattini, P.A., Anderson, T.R., Karin, M., Beato, M:, and Baxter, J.D.
(1986). Glucocorticoid regulatory element in the first intron of the human growth
hormone gene. J. Cell. Bzochem 10D:69 A‘muctN185

Spitznagel, J:K. (1977). Bactericidal mechamsms of the granulocyte. In T/zc Granulomc
Function and Clinical Utilizagion, T.J. Greenwalt and G.A. Jamieson, eds. (New
York: Alan R. Liss, Inc.) pp103-131.

' Stuart G.W., Searle, P.E., and Palmiter, R.D. (19%5). Idennﬁcauon of mulUple metal
regulatory elemems in mouse metallothionein I promoter ‘by assaying synlhem
sequences. Nature 317:828-831. :

Tai, A., and Warner N.L. (1980). Biophysical and serological characterizatibn of murine
NK cells. In Natural Cell-Mediated Immunity Against Tumours R.B. Herberman,

ed. (New York: Academic) pp241-255.
3

Taniguchi, T., Matsui, H., Fujita, T., Takaoka, C., Kashima, N., Yoshimoto, R., and

Hamuro . (1983) Structure and expression of a cloncd cDNA for human '

interleukin 2. Nature 302:305-310.

Teshigawara, K., Wang, H.-M,, Kato K., and Smith, K.A. (1987). Interleukin 2 high

affinity receptor expression requires two distinct binding proteins. Lymphokine
Res. 6: Abstract 1610. ' ,

R



. 3 X ' s 49

Tite, J.P., and Janeway, C.A. (1984). Cloned helper T cells can kill B lymphoma cells‘in
the presence of specific antigen: Ia restriction and cognate vs. non-cognate
interactions in cytolysis, Eur. J Immunol. 14:878-886. '

Tonegawa, S. (1983). Somatic generanon of antibody drversxty Nature 302: 575 581.

Unkeless, J.C., Fleit, H., and Meliman, 1.S. (1981). Structural aspects and heterogeneity
of 1mmunoglobu11n Fc receptors. Adv. Immunol. 31:247-270. _

Valerio, D., Duyvesteyn, M.G.C., Dekkar, B.M.M:, Weeda, G Berkvens, Th.M., van
: der Voorn, L., van Ormondt H., and van der Eb; AJ (1985): Adenosme

‘deaminase: characterization and expression of a gene with a remarkable promoter
. EMBO J. 4:437-443.

van den Elsen, P., Shepley, B.-A., Borst, J,, Coligan, J.E., Markham, AF Orkin, S,
and Terhorst C. (1985a). Isolat@r of cDNA clones encoding the 20K T3
glycoproteln of human T cell receptor comiplex. Nature 312:413-418.

van den Elsen P., Shepley, B. _A., Cho, M., and Terhorst, C. (1985b). Isolanon and
charactenzanon of a cDNA clone encoding the murine homologue of the human
20K T3/T cell receptor glycoprotem 1\ ature 314:542-544.

~ Van Rijs, 1., Giguere, V Hurst 1., van Agthaven, T.; van Kessel, A.G., Goyen S., and
: Groweld F. (1985) Chromosomal locallzatton of the human Thy 1 gene. Proc
"~ Nail. Acad Sci.USA 82 5832-5835.

Voss S.D., Schlokat, U., and Gmss . (1986) The role of. enhancers 1in the regulanon of
cell type-specific transcnptronal control. T/BS 11:287-289:

‘Walter, P.; and Blobel, G. (1981) 'lranslocatlon of protems across the endoplasmlc
' ,renculum I11. Signal Recognition Particle (SRP) causes signal sequence-dependent
and site-specific arrest of chain elongation that is released by microsomal
membranes. J. Cell Biol. 91:557-561.Wu, C. (1980. The 5' ends of Drosophila
heat shock genes in chromatin are hypersensmve to DNase 1. Nature 286 854-860.

| Walter P and Blobel, G. (1983). Dtsassembly and reconstitution of signal recognition
partrcle Cell 34:525-533. ;

Walter, P., lemore R., and Blobel, G. (1984) Protein translocanon across the
endoplasmrc retlculum Cell 38:5-8. :

Wang, H.-M., and Smith, K A. (1987). IL2 receptor alpha and beta. chams bymphokme
: Research 6: Abstract 1611.

Warner, N.L. (1974). Membrane tmmunoglobulms and antigen receptors on B and T
lymphocytes Adv. Immunol. 19:67-216.

Weinberger, J., Baltrmore D.; and Sharp, P.A. (1986). Distinct factors bind to apparently -
homologous sequences in the tmmunoglobuhn heavy-chain enhancer Nature
- 322:846- 848 ‘ :

_ Wemtmub, H,, and Groudine, M. '(1976). Chromosomal subunits in active genes have an.
altered conformation. Science 193:848-856. '



50
 Weisbrod, S. (1982). Active chromatin, Nature 297:289-295.

Whitlock; C.A., and Witte, O.N. (1981). Abelson virus-infected cells can exhibit resmued
m vztro growth and low oncogemcpotenual J. Virol. 40:577-584.
o
Whitlock, C.A., and Witte, O.N. (1982). Long- -term-culture of B lymphocytes and their
precursors from murme bone marrow. Proc. Natl. Acad. Sci. USA 79:3608 361’7

. Wllde D.B., Marrack, P., Kappler, J., Dialynas, D.P., and Fitch, F.W. (1983). Ev1dence
1mp11cat1ng L3T4 in class 11 MHC antigen reactivity; monoclonal antibody GK 1.5

L. (anti-L3T4a) blocks class 1l MHC antigen- -specific proliferation, release of
lymphokines, and binding by cloned murine helper T lymphocyte lines. J.
Immunol. 131:2178-2183.

Wiskocil, R., Weiss, A.; Imboden, J., Kamm Lewis, R. ‘.and Stobo, J. (1983).
Actwatron of a human'T cel. line: atwo—sumulus requirement in the pre-translational

events involv -d in the coordinate expression of interleukin 2 and gamma 1nterferon
genes. J. ' wurol. 134: 1599 1603.

Wong G.G., Witek, 1.S., Temple, P.A., Wilkens, K.M., LeaEy, ‘AC, Luxenberg
' D.P., Jones S.S, Brown E.L., Kay, R.M,, Orm, E. C Shoemaker C., Golde,
DW Kaufman, R.J.; Hemck R.M,, Wang, E.A,, and Clark, S.C. (1985). .
Human GM-CSF: molecular clomng of the complementary DNA ind punﬁcatmn of
the natural and recombinant proteins. Scxence 228:310-815. ‘

Wu AM,, Till, J.E., Siminovitch, L., and McCulloch, E.A. (1968) Cytologieal evrdence‘.\.
for a relauonshlp between normal hematopoietic coleny-forming cells and cells of
the lymph01d system.” J. Exp Med. 127: 455 46-.

Wu, C. (1980) The 5 ends of Drosophila heat s ock genes. in chromrmn area
hypersensmve to DNase 1. Nature 286:854- 860. >

Wu C. (1984a). Two protein- bmdmg sites in chromatin imp! 1cated n lhe\acuvauon o?ﬂ
heat-shock genes. Nature 309:229-234. : Lo

Wu C. (1984b). Actlvaung protein factor binds in vitro to upstream control sequencex 1r¥’r’ $
heat shock gene chromatin. Narure 311:81- 84 .

- Wy, C (1985). An exonuclease protecuon assay reveals heat- shock element and TATA >
v box DNA- binding protems in crude nuclear extracts. Nature'317 84-87.

Yanagl Y., Yoshikai, Y., Leggett, K., Clark S P, Aleksand‘tr I, and ‘Mak, T.W.
' (1984) A human T cell-specific cDNA clone encodes a protein havmngxtcnsrve
omology to immunoglobulin chains. Nature 308:145-149.

Yancopoulos G.D., Blackwell, T.K., Suh, H., Hood, L., and Alt, F.W. (1986)
Introduced T cell receptor vanable region gene segments recombine in pre-B cells:
. evidence that B an@g’T cells use a common recombmase Cell 44:251- 259

_Yokota, T., Lee, F., Rennick, D., Hall, C., Ara1 N., Mosmann, T., Nabel, G Cantor,
H., and Arai, K.-1. (1984). Isolation and charactenzauon of a mouse cDNA clone
that expresses mast-cell growth factor act1v1ty in monkey cells Proc Nail. Acad. .
Sci. USA 81: 1070 1074. . :



NP

) ‘ . PN 51
, - . . )

"~ characterization of individual, function}@ﬂ'y reactive cytotoxic T lymphocytes:
" cpnjugation, killing and recycling at the Single cell level. Eur. J. Immunol. 5:818-

Zigury D., Bernard, J., Thiemness, N., Feldman, M., and Berke, G. (1975). Isolation and

" Zamoyska, R., Vollmkr, A.C., Sizer, K:C; Liaw,'C.W., and Pames, JR. (1985). Two
.~ Lyt-2 polypeptides arise from.a dingle gene by alternative splicing patterns of
mRNA. Cefl 43:153:163. =%~ . S ' o

Zuret, K.S.,-and Yamamoto, Kt&}?(1984). Reversible and persistent changes in chromatin
L - stricture accompany-ativation.of a glucocorticoid-dependent enhancer element.

L Cell 38:29-38.



'_CHAPTE’R )i
CLONING OF TWO GENES THAT ARE 'SPECIFICALLY'EXPR‘EVSSEI)‘
IN ,ACTIVATED_CYTOTOXIC T LYMPH()CY"I;ES1
A: INTRODUCTION

Thymus-derived (T) cells play a major ro'l_e in the immune syste‘nt. A number of T
lymphocyte subsets can be di-stlnguished 'whose fu,nctions"_have‘ ‘been categorized as
regulatory, cooperative, or effector. These subsets r'egttt;larte im‘mune‘responses by eithcr
suppressxon or supplying help, are necessary for the mducuorr of B cell responses, and arc
capable of lysing cells bearing foreign antrgens However the genests of thesc dwerstl\
pr’ogrammed lymphocytes appears to be frofn a smgle plunpotent stemm cell (Wu et u[ _
1968). Recent developments in T cell tumor brology and clonmg have made both
functional end stage cells (Moller, 1981) and precursor cells (Nabel et al., 1981) available
for biochemical and genetic analysis Many surface components of functional .T'c‘ells and
thelr precursors have been serologically charactenzed (McKenzre and Potter 1979) and

their genes mapped. Studies on the changes in these cell surface anugens as cells prm

- from the bone marrow through the thymu§to penpheral tissues have been very l'CWdl‘dlll g

S

in understandtng the complex process of T cell orﬁogeny (Cantor and Boyse 1977)
| However, the basrc problem of thlS type of,ap,pﬁach is that it grves no mformauon about
~the molecular or geneue basis of the phenotyprc changes Recently, the power of molecular
. genetic technology has been used to clone the genes for a number of these serologlcally

defined T cell antigens, including Thy-l (Moriuchi et al., 1983), Lyt-2,3 and Leu-2/T 8 |

1 A versipn of this chapter has been pubhshed Lobe, C.G:, Havele, C and Bleaekley
R.C. (1986). Proc. Natl. Acad.Sci. USA 83:1448-1452.
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" -(Kavathas et al., 1984); T3 (van den Elsen er al., 1984), and Tac (Leonard etal., 1984‘).
These cloned gene’s can now be nsed as probes 1o address many of the intriguing questions
su ggested by serology. Already the cloning of the T cell antigen receptor genes (Hedrick
'et al., 1984; Yanagi et al., 1984) has led to a tremendous increase in understanding how T

cells recognize antigens. | |
Most serologica] and genetjc' studies on T cells have concentrated on molecules tihat L

]

- are expressed on the cell surface. The internal m;:chanisms by which the different T cell
-subsets carry ouuhelr spemﬁc funcnons remain largely unknown. However as the
phenotype of a cell is governed by the proteins expressed it may be assumed that each
subset of cclls MUSt eXpress a characteristic set of function-related proteins and the
"correspondmg mRNAs Thus a general approach to identify and isolate mRNAs that are
expressed in the cells of interest but at very low levels or not at all in other types of cells,
s‘hould provide vital infomiation on the nature of the molecules involved in cell-specific
fnnctioning. This type of approach has been extremely rewarding in a nurnber of different
systems-'"(Grziy and Goeddel, 1982; Hastings and Emerson, 1982; Milner and Siitclit’fe,
1983: Milner et al., l984;’ Hirschh'orn et dl;, 1984’; Kelly er al., 1983). Bydiffere-_ntial
hybridiiation analysis, we _haVe identiﬁed cDNA clones 'that are expressed in_resuicted T-
cellisubsets. In this chapter the.characterization of two related cDNA clones that are |
expre'ssed in murine cytotoxic T cells and not in helper lines or thymocytes is described.
The expression of the two mRNAs encoded correlates with the induction- of cytotoxicity,
_thus suggestmg that they may encode protems that are vnally important in killer cell :
| dctivation or may be involved in the lytic mechanism itself. Undoubtedly these clones will
provide very useful ma.rkers to }mdy.t‘lie ‘gnolecular events mvolved in the regulation of
gene expressron dunng T cell” omog‘;;ei&z Moreover 1dcnt1ﬁcanon of the proteins they
- encode may provrde clues to how*itlies;e s}ecralized end-stage cells function in target-cell

“lysis (Berke 1983).
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B. MATERIALS AND METHODS _
1. Cells - | |

FTh‘é cytotoggic T cell lines MTL2.8.2 ahd MTLI 1.1 were generated from CBA/J
mice as \describcd‘(Ble'ackley et al., 1982). EL4El is an interleukin 2 (IL2)-producing
variant of the EL4 cell line (Farrar etal., 1980). CHI is a CBA/J anti-(CBA/J x BALB/C)
.antlgen -specific helper T cell l1ne Tt was produced frorh a 2-day mixed lymphocyte culture

by continuous restlmul‘atlon with 1rradxated ‘F1 spleen cells in RPMl 1640 medlum
supplemcnted mth 10% fetal bovme serum and 100 uM 2- mercaptoethanol (RHFM) To
generate human cytotoxic T ly mphocytes (CTL), peripheral blood lymphocytes were
ipcubated in RHFM and s_timul_ated with irradizlted allogeneic cells at days 0 and 7 and-
~ harvested at day 10. Fetal-derived cells were kindly provided by H.-S. Teh (UBC;Teh a
al, 1985). " | -

For the time course of cell activation, spleen cello from CBA/J mice were incubated
in RHFM (106 cells per ml).an~d purified IL2.(Riendeau et al., 1983), either with an equal
number of mitomycin C-treated EL4.E1 Cells or Con A (2;ug/ml). Samplesr were remoyed
atday 1 'Hrough day 6, assaycd fer cytotoxic act1v1ty (Shaw et al., 1980) and analyzed by

\/ -
Y

cytodot hybridization.

2. ¢cDNA Library Construction

e

o

Be@lislranded cDNA was synthe51zed from 4 ug of MTL2 8.2 mRNA
(Bleackley et al., 1982; Chirgwin et al., 1979) as described by Gubler and Hoffman
(1983). Following repair with the.chnow fragment of E. c;hm polymcraSe and T4
DNA polymerase to maximize flush ends, phosphoryla‘tcd EcoRI- lin'kers (P-L
Blochemlcals) were ligated to the ¢DNA in 70 mM Tris-HC, pH 7.6/10 mM MgCl o/5 mM
J "f:’dithiothrcitol/l mM ATP/1 unit of T4 DNA ligasc at 14 C overnight (Goodman and

MacDonald, 1979). 'After digestion with EcoRI the product was run on a 5 ml Sepharose
< n ‘v:‘vll;""'f ‘ ) .
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4B column, and the excluded fracnons were pooled and ethanol- precxpltated The cDNA
was ligated to EcoRI/bactenal alkahne phosphatase-treated pUC13 (P-L Blochemlcals) in
66 mM Tris-HCI, pH 7.6/6.6 mM MgCly/10 mM dithiothreitol/l mM ATP. Reactions
were heated to 37 C for 5 min, quick-chilled before the addition of 1 unit of T4 DNA
1i gase, and incubated at 14 C.for 2 hr. vEsch‘eri‘chia coli IM83 cells were made competent
by using the CaC]z/RbCl procedure described by Mamans et al. (1982) and were
transformed w1th the hgated cDNA White colonies (those containing 1nserts) weTe ordered _

- in 96-well microtiter plates andustored in LB medium containing 20% glycerol at ‘10 C.

3. Diffq(ential Screehing
n Colonies were‘replicated.in triplicate onto nitrocellulose filters (Schleicher &
JSichuell), grown for 6 hr, and then amplified on chloramphenicol (100 ug/ml) ‘for 12 hr.
Bacteria were lysed and the ﬁlters were baked and prewashed to remove bacterial debris °
(Maniatis et al., 1982): Prehybridization at 42 C for 12-20 hr was done in 50% (vol/vol)
formamide containing 2XDenhardt's solution (1XDenhardt's solution “= 0.02%
polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine serum albumin), 4XSET buffer (IXSET

_,buffer = O 6 M NaCl/0.12 M Tris-HC], pH 8/1 mM EDTA) 0.1% NaDodSO4 100 ug of
yeast tRNA per ml, and 125 ug of poly(A) per ml (Sigma). Hybndlzatton in the same

“buffer include‘d 1105 x 10° cpm of cDNA probe per ml synthesized from mRNA with 20
ug of T- pnmers per ml (Collaboratlve Résearch, Waltham, MA); 50 mM Tris- HCI (pH
8.3), 10 mM MgCly; 5 mM dithiothreitol, 500 uM each of dGTP dATP, and dTTP, 70
mM KCl; 30 uCi (1 Ci = 37 GBq) of [alpha-32P]dCTP (New England Nuclear, 3000" E
Ci/mmol); and 15 units of avian myeloblast051s virus reverse transcriptase at 42 C for 60 “ .
min. Template RNA was hydrolyzed by the addmon of NaOH to 1.5 M. Samples were '

, boxled for 3 min and fractionated by Sephadex G-50 column chromatography Ftlters

were washed in SXSET buffer for 15 min at 22 C and then in 2XSET buffer/SO%'t

| formamide for 20 min at 42 C and were exposed to film (Kodak X-Omat AR) w1th an
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, imensifying" screen for 1 1o 3 days at-70 C. Hybridized probe, was removed by boiling the

filters for 10 min in disdlled water.

4. Blot Analysis
. Cytodots were preparéd as described by White and Bancroft (1982). Forblot-
hybriciization analysis, total cy;oplasmic RNA (10 ug) or poly(A)* mRNA (2 ug) was
denatureq, in 6.3% formaldehyde/50% formamide‘at S5 Cand sizc-fractionatéd on a 0.8%
.kagarose gel containing 0.~66% formaldehyde. RNA was transferred to .nigrocellulose as
described by '[!homas (1980). Plasmid DNA was digested with EcoRi, tun on a 0.7%
. agarose gel, and transferred to nitroce}llulcise (Southern, 1975). Klters were baked at 80 C -
for 2 hr, i_hen prehybridized at 42 C for 6-12 hr in 50% icirmamide coritaining 20 mM
phosphaté buffer (pH 6.8),q2 mM pyrophosphate, 100 "iiM ATP, %@ Dgn}iardt's solution,
0.75 M NaCl, 0.075 M sodium citrate (pH 7), 100 ug of salmon sperm DNA per ml, 0.1% |
— NaDodS0O4, 50 pg of poly(A) per ml, and 2.5 mM EDTA. Hybridization was fc):’irried out
in the same buffer with a nick-translated p]asmidvof' specific activity 1 x 108 cpm/ug

(Bethesda Research Labcratories kit) at 1 x 106 cpmy/ml.

| C.RESULTS

1. ¢cDNA Library and Differential Screening

| Triplicate copies of the library were hybridized ﬁrst with cDNA synthesized from
- MTL2.8.2 mRNA (Bleackley et al 1982) thcn after auloradiography and washing, with
helper T cell cDNA, and finally with thymocyte cDNA . Colomes that gave a highcr
, hybndlzation 51gnal with killer cell mRNA in at least two of the threc copies of the library”
 were picked. Upon rescreening, again in triplicate, 36 of thcse 121 colonies appcarcd to be
clearly CTL- specxﬁc Plasmid DNA isolated from these colonies was cut with EcoRI and |
a series. of Cross- hybndizamons was performed. Two clones were chosen for more

: cxte_nsrvc analysis:_clone B10 because it appeared to be the most abundam in the library,

n
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cross-‘hybridii‘ing' strongly with eight other inserts, and clone C11 because it weakly erst-
hybridized with B10 but not with all B10-related clones (one other Cl1-related sequence

was found). The inserts of clones B10 and C11 have been sequenced and-are shown in

P

figure 1.

2.BI0 and C11 Are Killer Cell Specific R
Cytodots (Whne and Bancfoft, 1982) prepared from a variety of cells’and tissues
were hybriciized with nick-translated B10 and C11. Results are s'hOWn for B10 (figure
2A). The data with probe C11 wefe similar end are not' shown. The highest signal was
¢

detected in MTL2.8, 2--1.€., the killer cell line that was used to generate the cDNA library

A weaker but positive signal was observed with MTLIII a variant of MTL2 8.2 that had a

~ low Ievel of cytotoxmty and had become IL2 and anngen mdependenl (J. Hooton,

personal commumcanon) A similar level of expression was observed in a novel T cell
clone derived from murine fetal thymus (Teh et al., 1985). There was no evidence for
expression in either mouse th‘yrnocytesor a helper T cell line (CH1) that secretes IL2 in
response to antigen. Mouse brain and liver and a human CTL line were similarly negative
under the high- stnngency condmons of this expenment In addition to the data .given In
figure 2, no evidence for expression of B10 or Cll .was found in elther a ‘sample of
enriched natural killer cells (Kumagai et al., 1982), even zifter interferon sti'r'nulation.(DJeu,
1919)’ or a'helper T cell 'hybddema that secretes an antigen-speciﬁc factor (Kwong et al.,
1984). To ensure that, ‘the negative samples did contain hybridizable RNA all of the_,
ytodots were reprdbe? :wt'h elther a lymphocyte -specific probe: (unpubhshed data) or
ligo(dT) or the T- cell antlgen receptor beta-chain gene (Hedrick eral., 1984) Although
k?e level of signal vaned all samples were- posmve
To enrich for the B cells of a spleen cell suspension lymphocy;es were separated

frpm adherent cells on Petri dishes and then treated with anti- Thy 1,2 annserum -The

nnched B cells were then incubated with llpopolysaccharlde (LPS) or Con A or medxum

\
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B1O

~ B10

B10O

c11

B10O
Cl1l
B10O
Cil
B10O
Cl1
" B10O
Cll
Cl1

Cl1

Cl1
Cll °

Cl1

Cl1

AAAACACTGCACGAAGTTAAGCTGACAGTACAGAAGGATCAGGTGTGTGA

, GTCCCAGTTCCAAAGTTTTTACAACAGAGCTAATGAGATATGTGTGGGA

ACTCAAAGATCAAGGGAGCTTCCTTTGAGGAGGATTCTGGAGGCCCGC T

GTGTGTAAAAGAGeAGCTGCAGGCATCGTCTCCTACGGGCAAACTGATGG

*kkkk Ak ok kkk kox L 1 *****

GGCATAGTTTCCTATGGATATAAGGATGG

 ATCAGCTCCGCAAGTCTTCACAAGAGTTTTGAGTTTTGTATCGTGGATAR

Rk ok kkk k% ok kkkk ok kkk Kk kkkkkxk %k dk k -k okok ok ok k%

AGAAAACAATGAAAAGCAGCTAACTAC AGAAGCAACATGGATCCTGCTEC

AGAARACGATGAAACACAGCTAACTACAAGAAGCAAC TAGATCCTG AC

Kok ok kok kk  kok oKk k ok ok Akkkkkkkkkk khkkodkkkkXxk ko koo ok ok ok % K

AGAAAACAATGAAAAGCAGCT%ACTAC AGAAGCAACATGGATCCfGCTC

TGA CAGCCATCTTCCC ATAGCTGAGTCCAGGATTGCTCTAGGACAGAT

* Xk % * kkhkkk kokhkk ok AhkkkkkkAkhkkhkhkkkkkkrhkkkkkkhkkkk *«

TGATTACCCATCGTCCCTAGAGCTGAGTCCAGGATTGCTCTAGGACAGGT

GGCAGGCAACTGAATAAAGAACTTTCTCTGACTGCAAAAAAAAAA

Ak kkkk Kk o kkkkkkkkkk Kkk ok Xx * k * k%

GGCAGG ATCTGAATAAAGGAC TGCAAAGACTGQCTTCATGTCCATTCA

. CAAGGACCAGCTCTGTCCTTGGCAGGCCAATGGAACACCTCTTCTGCCAC

‘CATCCTGTGACAACCCAACTGACATCTTCCTATGGAAGTTTGCCCTCTCC

. GQ‘

ACAAAAGAACTAGAATGTTTGCATTGGAGCTGGGCATGCTCTGCTTCCCC‘

-

TCAGTGCCCCGAGAAT” TATCTAATGCTAGTCATCATTAATAGCTCFCT

HGURE II.1 Nucleotide sequence cégpazison of Bl0 -and Cl1l inserts.
inserts of B10 and Cll were reclonéd in M13 and sequenced by the dideoxy
method of Sanger et al. (1975). The - sequences have been optimally
aligned with asterisks 6e51gnat1ng corresponding nucleotide identities.

. -
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" FIGURE 112 Tissue specificity of expression. Cytoplasmic dot blots were hypgidized with ni.
translated B10 (A and B) or a mu heavy chain probe (C). The number of cells X 10 is'shown. (B andys
Spleen cells were enriched for B lymphacytes by nonadherence to Petri Dishes and anti-Thy-1.1 treatm
(time zero) and were incubated with LPS, ConA or RHFM medium alone, for 24 hr. .



After 24 hry the cells were s 2 ,,_,_._,‘ ﬁ Cytodots were prcpared and the filter was probed
| vnth B10 or Cll (fr%ure 7B) No expresslon of erther goquence could be detected in any
. sample. However,, when the b]ot was hybndlzeq Wxth an 1mmunoglobulm M heavy chain
probe (Calamé el al., 1980), a strong posm’:;e slgnal w;s seen in the LPS-stimulated cells

2.

(f'wure'f.?‘é 7C). ' 5 -

}-@@lot Hybridization Anal)s:s with BI10 and C11 ]
:f,\‘ﬁ‘ ' - Poly(A)* RNA was isolated from a variety of cell sources, run on a denmurmb '
g agarose gel, and transferred to nitrocellulose. Figure 3 shows the same ﬁl(er probed first

| with nick-translated B10 (A), then with C11 (B); and finally with probe 10(C), a cloned

gene that detects mRNA in a van’ery of cell types (Paetkau el,_a'I.,_ 1984). Probe Bi()
N detected a sirrgle band (~1000 bases) in traxo different«m'urin.e cytotoxic T cell clones, |

MTL2.8.2 (figure 3, lane 2) and MTL11.1 (figure 3, lane 3). No bands were detected in |

RNA from thyrnocytes (figure 3, lane 1), an antigen-specific helper cell line (figure 3, lane

.4) or murine thymoma EL4 (figure.3, lane 5). When thc olot was reprobed with C11,

again only the two cytotoxrc T cell clones showed bands. However, in contrast to B10),

this probe hybridized to two bands one of ~ 1000 bases and the other of 1400 bases. In

addition to the results shown in ﬁgure 2, blot_-hybndlzauon analysis was performed on |
| poly“(yA)+ RNA from a number of murine ce]is includiﬁg five CTL 'line‘s, brain, liver, three M

helper T cell lines, unstimulated .andL‘LPS-stimulated B 1ymphoc~ytes: and one B cell

myeloma. Of these, only the activel; cytotoxic T cells expressed mRNAs that hlybn'dized v

with B10 and C11. To ensure that all traoks contained hybridizable RNA, the blot wis

rehybridizai with probe 10. A band of the expected size wvas seen in all tracks.

4. BI0 and C11 Are Induced During CTL Activation
CBA/J (H-2k) spleen.cells were stimulated with either mitomycin C-treated E[A

cells or Con A. On each of the € days after stimulation, the level of cytotoxicity was
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measured in a chromium-release asééy (Shaw et al., 1978) again;t'Em (H-2b), S194 (H-
2d), énd RI (H-2K). Cytodots were also prepared on each of these days, and the blots were
hybridized with nick-translated BlO'and Cl1. Again, data are presentfz; only for B10
(figure 4), as C11 gave "indistinguishablc results. Relative mRNA levels wefe determined

by scanmng densitometry on an ELISA plate reader. In the allo- spcc1ﬁc response, the peak
| of cytotoxmt\ was observed on day 4, whxle the oeak of Bl0or Cl11 mRNA expression ”
appeared to be on days 3 and 4. The peak of killing activity in the Con A-stimulated cells.
was also at day 4; however the peak of mRNA expression was vcry sharply on day 3. In
both experiments, the mRNA expressxon was reduced to background levels by day 6,
* while there were still significant levels of cytotoxncxty on this day. When the cytodots were
hybridized with 32P~end-1abeled oligo(dT), the peak of total mMRNA was seen on day 2

(data not shown). I L

, * : D. DISCUSSION T
The approach used in this work -- i.e., studying cell-specific functions by mRNA '
population analysis -- is based upon the hypothesis of Hastie and Bishop (1976). They
postulated that a small set of cell specific, abundant mRNAs were vitally important in the
end-stage funcfions of a cell. In order to identify such mRNAS in cytotoxic T cells, a
CDNA library of 460() recbmbihams from a murine cytotoxic T cell clone ( MTL?.-.8.2) was
- screened by differential hybndlzanon by using cDNA probes syntheswcd from the mRNA
of the same cytotoxxc T cell clone, an anngen spccxﬁc helper T cell cloncs (CH]) and
mouse thymocytes “All screemn& was performed in triplicate to minimize false posmvcs
Causcd,by the technical difficulties of colony transfer. After rescreening potentially
interesting clones, 36 clearly contaxmd v:qucnces that were expressed at rcasonably high
levels in cytotoxlc cells and not at all, or at very low levels, in the other two cell types. The
helper cell clone represents an alternative pathway of T cell differentiation to a functionally

distinct cell type, while thymocytes represent a heterogeneous population of precursqrs
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| including precursor CleIOMC cells (Cantorx and Weissman, 1976). By screemng wnh both
thymocyte and helper cell cDNA, we hoped :o 1dentif) clones that were expressed during
cytotoxrc lymphocyte activation These cloned DNA sequences should include those
encoding pereins directly involved in the lytic 'mecirmii.srn. \
Two clones were selected for more extensive arialysis. Clone BiO was chosen’
because it appeared to represent a highly abundzint mRNA expreésd i‘ri cytotoxic"';l“ cells,”
and clone Cll was choseh because cross-hybridization ana]ysis indicated some pani:i‘l
Homology betwe&n it and B10. To establish that these clones were mdeed;CTL speufic
cytodots were. prepared from a number of sources and hybridized wnh the two cloned
sequences (figur; 2). The only cell type, other than CTL, in which expression of B10 or
C11 was detected is a novel T cel] isolai:ed from mouse fetal thymus. Its relationship to
other T cell subsets remains to be determined.‘ ‘Neither_ sequence was exp.ressed in
thymocytes, helper T eeils,'B lymphocytes, activated naturai killer celis, mousc tirain cells,
- and mouse liver cells. At the high Sti'ingericy of washing used in these experiments, no
cross-iiybr_idizing material was seen in human CTL; however, a low level of liomology .
canriot be ruled out' To exclude the possibility that B10 and C11 were\expressed generally-
in activated lymphocytes, an enriched population of B lymphocytes from spleen cells was
snmulated with LPS (B-cell mitogen) This activation did not result in expression of either
of ihe CT L- speC1f1c sequences but did stimulate a massive increase in the 1evel of 1 heavy
chain mRNA in these cells. “ .
Blot-hybridization analysrs (ﬁgure 3) with these two probes on poly(A)’r mRNA
from a number of cell sources confirmed the tissue- specrﬁcxty results of the cytodot data.
" However clone B10 hybridized to a single mRNA species of ~1000 tiases wherezi‘s"\};C 11
‘hybridized to two mRNAs of ~1000 and ~1400 bases..' Sequence analysis of the inseng of
- B10 and C11 indicates that they areencoded by different genes, although over a stretch of

211 bases they are 80% homologous (figure 1), suggesting that they are part of atelated

gene family. The C11 transcript and B10 transcript probably ccirres‘pond to the 1400 ntd
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and 160() ntd bands réspf,ictiv'ély, since they cop‘éistently hybﬁdized to those bands. The
apparent cros-s-hypridizptiopn due to 'lhé~homplogy between the two sequences is
’frequcntly seen, dependent upon the probe ppnccnnatiOn in the’ hybridization and the l_e'rrgth

of er(posurc of the aut.oradiograph. ' |
One of the primary objpcti\:es of this work was:tolidcntify proteins that are vital*

' either in killer céll activation or the lytic méchanir;m itself. An essential prerequisite for
mguch involvement is the demonstration that the mRNAs are induced upon CTL activation
prior to measurable cytotoxic acnvrty A series of cytodots were prepared from spleen cells
) acuvated with either irradiated stimulator cells or Con A. The level of ¢ytotoxicity, ;/
measurcd in a chromium-release assay, pe‘a‘ked 24 hr after the maximum.expression o
B10 and 11, In advdition, the levels of B10 and C11 declined rapidlyr és cytotoxiciry
began' to decline. 'However, the culrures still showed high levels of cyrotoxjc;iry, even after
the mRINAs encoded by these two clones had returned to backgroundAle\}els. Opce the
genes have been activated and the transcn'jpis have been translated, there is no reason why
the mR‘NAs should be stirble n th:e‘ pells, as the phenotype (i.e., cytotoxicity) maintained ié
a‘ reflection solely of the prolein;present. Most importantly, the'primary prerequisite that -
gene activation precedesv phenotypic expression ié vs'a.tisﬁed for bpth B10 and C11. Final
proof of the importance of these genes carli only come thropgh the d.iscovery of the
.bioiogi-cal acu'vities of the proteins they encode and compan'sop o(,thcse proreins with those
that comprlse the cytotoxrc granules described by others (Henkart etal., 1984; Podack and
b Komgsber\g 1984)
| ﬁn §ummary, we have isolated two gené scquenccs ‘that aer expresseu exclusrvcly in
cytotpxrc T lymphp;ytcs‘ The clones represent very useful probes with which toxtudy the
events that control gene expressiorr during T cell ontogeny from the pluripotent precursor to
lthc ultimate end poi'nr of activation.. In é_ddition, the relationship between the, two

sequences and the mRNAs detected poses some intergsting genetic questions. A

knowledge of the protein sequences that they encode sh‘ouldprovide a more precise
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definition of T cell subscts In combination with other"'T cell markers these 's.h(:t‘tx‘ld' allow

further dlSSCCIlOH of the complex cellular networks of the 1mmt’1ne system and enable the 7

¥
'«5

' 1dent1f1cat10n of active cytotoxxc T lymphocytes in txssue’ sectlons and m ‘normal and
leukemic populatlons of ce-lls The pattern of expressxon is certamly n keepmg w1th the
hypothesis that these sequences encode proteins that are unportant gither in T cell activation
or T cell cytotoxicity. The primary responses studied showed a transient burst of specific
mRNA transcription followed by a longer wave of ‘proteir} exprcssiort as indicztted by, the
level of cytotoxicity. In contrast, in two T cell lines that constantly exhibit cy'totoxic
activ,it.y, the le\lA‘s detected by the two probes a‘ppeared 1o be _tlfanscr“ibed. constitutively.
Knowledge of tlte rt]olecular basis of CTL functioning should be of ‘great'interest to

immunologists and may initiate development of innovative forms of immunotherapy.

. ) ’ ) .
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| CHAPTER Il
NOVEL SERINE PROTEASES ENCODED BY' |
/* TWO CYTOTOXIC T LYMPHOCYTE-SPECIFIC GENES!

¥

Al INTRonucrION ﬁ‘s"l |

Cytotox1c Tly mphocytes (CTL's), /also referred to as T killer cells, are effector :

cells in cell-medtated immune reacuons. They specnﬁcally recogmze foreign antigens on
‘the surface of target cells, bind’to them, and cause the target cells to lyse. ‘Although the

_”Various steps in this process have been analyzed in considerable detail (Berke, 1‘983.;
| Nabholz and MacDonald l98?l most studies have not proVided insight into. the .
| mechamsm by which the Killer cell effects the lysis of a t.arget cell. A means of identifying
relevant molecules based on clomng CT L specific genes , has been‘descnbed (chapter ll ‘

| Lobe et al. *1986) The transcnpts correspondmg to two of these genes (B10 and Cl 1) |
were detected’ excluswely in actlvated CTL's.2 Moreover the kinetics of messenger RNA

(mRNA) expressmn as detected by these two cloned probes closely pdralleled but .

preceded cytatoxicity throu vhout cytotox1c responses in vitro (Lobe etal., 1986)

B; RESULTS AND DISCUSSION |
Sequence analy51s (Sanger etal., 1980) of BlO and Cll (ﬁgure 1A) revealed that
they were related to each other and that the hypothetical proteuls they encode contam a short
region characterlstlc of serine proteases Asp -Ser-Gly-Gly (a sequence homologous to that -

Asur’roundlng Ser195 of chymotrypsm) th‘BlO and C11 as probes, another CTL |

] A version of this chapter has been publlshed Lobe C.G., Finlay, B.B,, Paranchych
W ‘Paetkau, V.H., and Bleackley,RC (1986). Science 232 858- 861

2To date B10and C11 expression has been detected in seven of seven cloned CTL lines
and in none of three cloned T-helper cell lineés. Other cell types tested, including murine
brain, liver, thymus and. 11popolysacchar1de -activated B cells and human CTL's, gave no
signal (C.Lobe, unpublished data). -
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FIGURE HL1 (A) Nucleotide sequence comparison of clones B10 and C11. Insert DNA was purified
from the CTL-specific clones designated B10 and C11, recloned in M13 or pUC vectors and sequenced by
the dideoxy method (Sanger er al., 1975). The wo. sequences were maximally ahgned * designates
nucleotide mismatches. The sequence of B10 is-numbered from the first nucleotide of the insert, whereas
that of C11 has been renumbered to oorrespond with the full-length sequence shown in (B). The region
encoding the characteristic serine protease sequexice Asp-Ser-Gly-Gly is boxed, and the polyadenylaton
signal sequence of B10 is underlined. (B) Nucleotide and predicted protein sequence of C11 insert. A size
sclected cDNA library (>1000 base pairs) was screened with a C11 insert isolated from the original library
(chapter II; Labe er'al., 1986). A plaque that contained a cross-hybridizing sequence, whose apparent. Jength
was 1400 base pairs was selécted for further analysis. Restriction fragmems were subcloned in:M13 or
pUCI13 and sequenced as above. A potential initiator methionine codon is p t at nucleotide 16 followed
by an open reading frame to nucleotide 756. A putative ribosome bmdmg A (----- ) is underlined. By
analogy with RMCPII (see text and figure 2), the numbering of the C11 pr starts at the isoleucine 21
residucs downstream from the proposed translational initiation site. The#fino acids _which form the

catalytic triad of the serine proteases (Hisd7, Aspl02, and Ser!95 i in chymolryp‘gnq) are markcd ()
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complementary DNA (cDNA) library was screened, in which inserts greater than 1000 base
pairs were c~loned ir\ﬂambda g\tIO. Forty thousand rccombihanvts were screened and 39
plaques éorfespohding to\C 11 were isolated, but no evidence for a B10 recombinant could
* be found. | |

A chA insert of 1400 base pairs, which hybridized with ClAl, was selected for
séquence analysis (Sanger er al., 1980). The predicted protein sequence encoded, of |
molecular weight 25,319 is shown in ﬁgﬁre 1B. The putative start codon is 'p‘recedf;d by a
potential ribosome binding site CCUUCCG (Hagenbuchle er al., 1978), and a
polyadenylation signal sequence AAUAAA (Proudfoot ahd Brc;wnlee, 1976) occurs ju.& '
upstream from the poly(A) tract. Of the first 12 amino acids pr_edicte‘d, ten “are
hydrophobic, and fhe amino acid in position 2 (Lys) is basic, suggesting that this sequence
may act as a signal to direct secretion or intfacellular organelle locationv(von Heijne, 1985).

| A search of the Nat’icf>na1 Biomedical ﬁesearch Foundation (NBRF) protein-
SG;QUénCC data bank revealed that the protftin e:ncoded by Cl11 resembles a numbef of serine
proteases (Table 1). Whén the'sequenccé were optimally aligned according to the Dayhoff
allgorithm (Dayhoff, 1979), the homologies genera]ly varied betWeen 30 and 40 percent.
The greatest homology was found with rat mast cell protease type II (RMCPII ), whiéh had
amino acids identi{cal to 109 of 215 amino acids epc‘oded by C11, giving a match pér length
of 51 percent. The amino acid residues known to form the catalytic triad of the active site
in serine proteasesv (Hisd7, Asplo‘z', and Ser1§5) ‘(N{Elvll'.ath, 1984) were all found in the
protein encoded by CI1. The sequencés around these residucs, which aré highly”
conserved among serine proteases, are also conserved in the Cl 1: génc product. Indccd»-«
largely becz{use of conservation around this region, the protcm cncodcd by C11 appeafs to
be somewhat homologous (about 30 percent of 209 resxdues) even to the prokaryotlc
protcases trypsin and typé B from Streptomyces griseus. e

The cytotoxic T cell specific proteins (CCP's) encoded by C11 and BlO wxll be

- referred to as CCPI and CCPII, respectively. In ﬁgure 2 the optlmalvpro“tem alngnmcnt~-

oy
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Protein . Organism : Residues Conpnréd X Honology

(BC ¢) Cll-Protein (CCPI) -Bank-protein
. 2 . ™Y
B . L4
7S nerve growth factor Murine 29-224 . 26-229 © 40 .
(EC 3.4.21) , .
Chymotrypsin A Bovine 1-200 ‘ ©.16-216 2 35
(EC 3.4.21.1) -
Chymotrvpsin B ‘ Bovine 1-200 16-216 36
(EC 3.4.21.1) » o .
" Complement Clr Husan 52-224 56-238 S35
(EC 3.4.21.41) , o v : ‘
Elastane Porcine . . 3~220 3-233 ‘ 33

(BC 3.4.21.11)

Factor X Bovine 1-225 ' 192421

(EC 3.4.21.6) v

RMCP 11 Rat 1-214 1213

(BC 3.4.21) :

Kallikrein Rat | 26-225 T s1-262 '

(BC 3.4.21.8)

o _

Plasminogen Human 3-224 563-787. - 37
(EC 3.4.21.7) ‘ : - .
Plasminoged Activator ‘Human 72-224 389-560 35
(BC 3.4.21.31) ‘ ' : ‘

. K 1
Trypsin Streptowyces griseus 29-220 22-214 - 33
(EC 3.4.21.4) o
Trypein Rat 29-226 © 31-228 - . 39
(BC 3.4.21.4) . s v -

TABLE IIL.1 A sclection of protcins that are homologous to the predicted Clly"prolcin CCPIL. The
protein sequence predicted from the longcsx open reading frame encoded by CCPl was compared with: the
National Biomedical Research Foundation protein sequence data bank. The numbering for CCPI (see text)
is gwcn in figure 1B. The data bank numbcring system has been used for homologous proteins. All of the
proteins that were significantly homologous (>30%) with CCPI over a large portion of the molccule (>150
residucs) were serine proteascs.
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with CCPI_is presented for RMCPII, bovine chymotrypsig, bovine trypsin, and CCPIL

| RMCPII is an intracéii:{&lar scrine‘protcasc found in the granules of atypical mast cells
(Woodbufyl etal., 1978a; Woodbury-and Neuurath; 1980). The high level of homology of
CCPI with RMCPII is particularly intriguiné as RMCPII has a number of structural

i fé:aturés that make it excepﬁonal in the serine protease superfamily (Woodbufy et al.,
| 1978b). Protem CCPI comams cystemes in precxsely the same posmom as RMCPII
. which, by analogy with RMCPII, form three disulfide bonds. 'Rhese occur in the same
positions in chymotrypsm, trypsin ,and‘elastase. Both CCPI and RMCPII lack a disulfide
bond that is present in all other known_y serine proteases, including several from prokarybteé
(Yohnson and Smillie, 1974; Jurasek-et al., 1974), and th.at. links Cys'9! with Cys220in
chqutrypsin'. In both CCPI and RMCPII the first of thc_se‘ two half-cystines is replaced
by a phen’ylalaniﬁe, while the second half-cystine has been deleted along with other
residues. Linkage lof C.ysl91to‘ Cys?20 is thought to be important in' stabilizing the
conformation of the substrate binding site (Woodbury ez al., 1986b). Its absence in CCPI
and RMCPII may lead to signiﬁcg.nt changes invthat site’and, hencé, in substrate specificity.

Two other pn':mary structure changés previously seen only in RMCPII and thought

?i%-""to'alter substrate binding are also present in the predicted CCPI protein. In RMCPII and

by CCPI the amino acid six residues before the active-site serine is alanine. In chymotrypsin-

41

hke proteases it is serine and in trypsin-like proteases, aspartic acid. The residue in this

~ position lies at the bottom of the 51 binding site3, so the change to a less polar residue

would indicate a preference for a hydrophobic amino acid at the Py position in thc substrate

_ (Johnsoh.and Smillie, 1974, Jurasek et al., 1974). Furthermore, the sequence Ser-Trp-
Gly216in cﬁ”)‘?mon'ypsin, which forms hydrogen bonds with the P and P; residues of the
\ = ) «

\

3 The peptide bond cleaved by proteases is between residues Py and P;'. The
corresponding amino J"&lds in the protease are designated Sy and Sy'. Other residues are
numbered relative to the?cpnde bond.cleaved (Segal ez al., 1971)
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FIGURE 1112 Alignment of the predicted CCPI protein sequence with seri

protein sequence predicted from C11 is aligned, accor%ing to mcc(:lmclhod of &?ﬁ;r?c(?ggggm‘ﬁmr; mTl;(t:
cell protease (RMCPII), bovine chymotrypsin (CA COW), bovine uypsin (TR COow) a‘nd the partial
protein sequence predicted from insert B10 (CCPII). Amino acids that a - identical to Lh'ose of CCPI are
bo;cd. Residue numbcrs arc given at the end of each line; CCPI and RMCPII start at the lle residue
whereas the numbering of CA and TR is based on the ifactive zymogens. No numbering is presented fi '
CCPII because the full sequence has yet to be determined. 5P N

] -
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substrate3, is replaced by Ser-Tyr-Gly in CCPI'and RMCPII, again suggesting altered
substrate secificity. Both of these changcs are also seen with CCPIIL.
One of the few RMCPII-specific differences that is not present in CCPl is the
‘substilutio‘n': c;f isé)leucine at position ;9‘in chymotrypsin for asparagine. In mo;t
mammalian serine proteases lhlS residue is hydrophobic, and indeed in CCPI it appears to
be phenylalanine.. However, most o-f the >RMCPII-speciﬁc changes are préscnt in CCPI
protein, suggesting that the substrate binding s{i_fte of CCPI-will resemble that of RMCPII
\ .

and could be significantly different from those of other mammalian serine proteases

(Powers et al., 1985). :

Il CONCLUSIONS  _

In addition to the interesting agpecfs of the structure of CCPI, the fact that both
CCPI and CCPII appear to be serine protcasés has signiﬁgam imglicatioq forj--thc
mechanism by wh_ich CTL's are activated to become capable of lysing target cells (Berke,
198k3; Lobe et al.. 1986). Proteasé Enhlbitors have been shown to b]ock‘ T cell effector
function (Redelman and Hudig, 1980; Chang and Eisen, 1980), and a trypéin-likc-cstcrase
activity was shown to be induced during CTL activation (Pasternack and Eisen, 1985). We
have demonst.rated that two genes that encode protease-like proteins are exprcssed.in”
CTL's.. Previous evidence that these genes are activated spcciﬁc:’ally in CT L's and that their
- expression correlzit/es with cytolytic activity (Lobe et al., 1986) suggests that they play a
key role in the dcvélopment of a cytotoxic response. B o

The two genes we.have so far characterized :i)péar to encode serine esterases, arlld
another CT L-épeciﬁc gene, AR10, cloned bvy Gershenfeld and Weis?fnan (1986) encodes a
trypsin-like enzyme. These findings suggest that a proteése cascade mechapism rr;ay be

involved in T cell cytotoxicity. Such a mechanism has been shown in a number of
. { . ]

biological systems, including blood coagulation and complement-mediated lysis, and is
) E"
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,&dvant’agepus in contr%}speciﬁ’city, and amplification of enzymatic‘rcacdcng\(Neumth and

Walsh, 1976).
< .
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APPENDIX TO.CHAPTERS i & 1l
B . ~» e _— Y
¢, AINTRGBUCTION ot
s " In chgptér I, the isolaﬁlqn“bf two CT L-épeciﬁc cDNA clones w'as}ic_scribcd and the
- corre]atioh- of their expressién with cyt;toxic.'a'ctivity Was established The DNA sequences.
,.and putatwe protein products cytothxc cell protease (CCP) I and 11, were prcscnud in
‘ chapter II1. The possible role of the‘zenne protease products in cytolysis by CTL was dl\()
discussed. * Further experiments have been carried otit ‘which support’the initial findings
and give further clues as to the function of these molecules. The methods used ur.e A
vdescribed in chap;.ers I1 and HI1. The CTL-speciﬁé'_ expression hof B10 and CI'T was
- confirmed by’exzer}c\iing the analysis to several additional cell lines, including NK, h_g}lpcr T |
v cell lines, macrophages, $194 myeloma cells‘ and fibroblasts. The corrélatéign of

tre;nSCﬁption of BIO o Clbl\genes with the lytié actvity of CTL was also verified by
: moniloriﬁ‘g the level of expression of B10 and C11 in long-term M_LR ;:1111[1[&5, in :;n
antigén-dependem C’f"L line and antigen-dependent cytotoxic/helper T cell lines, all of )
which have indﬁcib.le killing activity. Thg‘iritracellular localization of the C11 prdtcin was
' irhvcsd‘gavted uqsing'antibodies against the predicted sequence. Finally, two new genes were
identified which appear to be additional members of the family which includes B10 and

C11. The specificity of expression of the transéripts corresponding 1o these sequences was

determined.

B. RESULTS & DISCUSSION
-

.‘\/ ! [ .
~ The restricﬁo‘n of B10 and C11 expression to cytolytic T cells was verified and -

1. B10 and C11 are CTL-specific

extended to include a wider panel of cell types (figures 1 and 2). In addition to the data
-presented in chapter Il for B10 and Cl11, figure 1 shows the rés‘ults for NK and mcmory-
CTL. | |
29
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FIGURE I11A.1 Tissue specificity of B10.and C11 expression. A cytoplasmic dot blo;3 of total RNA
was hybridized with nick-transtated B10 (upper pancl), washed, and then hybridized with C1¥ (lower panel).
The cells tested are indicated at the top: MTL2.8.2 (1f) and (III) are mouse CTL céll lines; NK are Percoll-
gradient purified NK cells; NK/IFN are the same cells stimulated with 1000 U/m! IFN; fetal CTL cells were
derived from murine fetal thymus; helper hyb. is an antigen-specific helper hybridoma, and hCTL arc
human periphcral blood lymphocytes, stimulated with tigen. The final 3 lanes represent cells from a
memp= CTL reaction, resting (d.0), and 2 days after stimulation with IL2 (IL2 d.2) or with media alone
(RHPM 4.2). The number of cells is shown at the side. T ‘ .
|
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A populanon of natural killer (NK) cells -were prcparcd by Pcrcoll gradxcm

7

: centnfugauon of spleen cells (Txmonen and Sakeseia 19f0 camed out by Blll Pohajdak)

’ .;;These,cells had low cytotoxlc activity ap\amst the NK tumour cell target YAC- 1

feffector ‘target rauo of 26( 1. RNA was 1sola\cd from them andcytodots were prepared

J

hybr1d1zcd with radloacuvc B10 or C11 probe (figure 1) Neither BlO nor CJ 4
expressed ata dc’tectable level n these cells St}mulauon of the NK cell fraction w1', i

U/ml of gamma interferon for 17 hrs increased thelr cytotomc activity 5.5- fold (from 6% 10

S

3.
33% lysis of the YAC-1 cell target atan cffector target ratio of 20:1). However, even these ~

- stimulated NK cells did not-appear to cxpress‘BIO or C11. When the-cytodot was -
Lo . . . : A

Hybridized with an actin gene probe, all of the RNA samples on the cytodot gave a
radioactive signal ('datz‘i not sho'ivn). Therefore we conclude. thatuNK cells do not
sYnthcsize Cilor B10 transcripts even when'they have high levels of cytotoxic aclivity

This 1mp11es that the C11 and B10 products are not requlrcd for NK cytolytlc function and :

. possibly, some other serine proteases are utilized mstead Imerestlngly, scveral NK cell -

11ne§ which have been tested (NK-3; NK-1AK and 1B10) are posnwgigr C 11 (J,__Kaptcm
. Vo ’ ’ »
and G. Dennert, personal communication). It is possible that these x‘NK. lines" are CTL-

lines which have lost their antigen specificity:
Y T '?:}i"' - i :65‘
The level of BlO and Cl1-expression in memory CT L restimulated with IL2 was .

tested in a long-term MLR culture The secondary CTL present in these MLR culturcs

after two rounds of antigenic stimulation, have returned to'a qulesccnt state, but cytotoxic
activity can be regenerated by stimulation with IL2. This response is apparently antigen-
indepénden} and can occur in the absence of cell proliferétiqn (Blﬁeacklcy et al., 1985;
Lefrancois"ég al. 1984). To monitor B10 and C11 cxpressipn iu this type of response,
sp{lf:en cel‘ls from CBA/J mice were initially stimulated with irradiated F(1) target spleen '
_. ‘-ff‘cetlwls, then allowpd to return to a resting, npn-cytolytic state 'for 18 days. At this point acell

- sample was takcp for RNA preparation. The cells were then re- snmu]ated by addition of

frcsh media containing IL2, which increased thc cytolytlc acnvuy of the cultures lO fold

~.
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after 2 days A change of medla alone without IL2, st\wulated a2"- to 3-fold inerease in
Eytotoxrc acttvrty (Jonathan Hooten, personal commu»mcatlon) RNA was prepared from .
| the cells 2 days after mCUbauon in fresh medta w1th or wrthout L2 A cytodot of the RNA B

. samples was prepared and probed wuh the cD‘ﬁA clones The B10 and C11 transcnpts',
were not. detectable after the 18 day penod (figure-1, "long term d.0° ) but are apparent )

_ after 12 strmulanon (figure 1, "IL2 d. 2"). The control of achange of medra without IL2"
glves no stimulation of B.10 or Cl 1 expressxon (ﬁgurc 1 "RHFM d. 2")

" Two more munhe helper cel] llnes were. tested a helper hybndoma (T eh er al 1985;
figure 1) and CH2.4 (C. Havele, unpubllshed ﬁgure 2) both of which were negauve for -
C1l'and BlO A ]ymphoma RI, and a B cell myel Sl94 were also negattve for both |
clones (figure 2). Macrophages Wthh have the abh lyse certam target cells, also had
no dctectable level of B10 or Cl1 transcnpt (data not shown) When probejl with the acnn'
gene all (%hese RNA samples were positive and gave a comparable level of hybndrzatlon
to the MTL2.8.2 positive control. Another non-lymphoid cell type tested was an L929

‘ﬁbroblast line, which was also negative for C11 and B10 expressi'on‘.(ﬁ‘gdre 3A). |

The CTL line MTL21.9(1) is an H2K anti-H2b clone w.hich‘istantigen:':and IL2-
dependent (Havele er al., 1986).-1 For optimal growth, these cells require antigen- -
stlmulatlon approximately every 2 weeks, whereupon they proltferate and increase in size
and in cytolytic activity. The level of BlO and CI1 mRNA in these cells was analyzed by
Northegn blottmg (flgure 2). Resting MTL21 9 had a low level of the C11 transcript
relative to antigen- mdependent CTL- lmes The level increased 5-fold after the cells were
stimulated with antigen. B10 was also expressed, but at a very low level in the resting |

‘_ type I cells. With a longer exposure of this Northern blot, a signal for B10 was seen for

resttng MTL21.%(D) (data not shown) Astrth Cl1}, the level of the BlO trar\‘cnpt

mcreased after antigen stimulation. Thus, as was previously seen for alloantrgen -stimulated

IThe "T" designatjon following the name of the cell line indicates it is antigen- and IL2-
dependent. Type "II" cells have lost their antigen requirement, and type I cells are both

ghtigen- and [L2- 1ndependent =
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" o, FmUkE lllA.Z Nonhem blot mlyluof B10, C11 and D12 expression. Total RNA was prcpmd
L '{tpm-u:us. splpm+¢unA mouse spieen cells 3 days afler ConA stimulation; MTL21.9(1), an antigen-
+ dependent CTL fine, resting; MTL219(T)+Ag, the same cell linc 3-days following antigen stimulation.
. .MTL 2B 2(1]{).‘&11306: RI, s T c&ll lymphoma; CH2.4, an antigen-specific helper T cell clone; S194,
*aBeell myehﬂaz m“ﬂymﬂwkmﬂmducmg T cell thymoma. - For the last two lanes spleen cells wete

'«-"cnnchqdﬁxnim bynoﬁdbemcclol’emduhesmdmunylzmuncm and RNA was
,prepemqum calty of Sroen LPS-stimulated B cells. In all cases RNA was size-fractionated on &
... D.3% formaldchyde ag 5], tramsferred 10 nitrocellulose and probed sequentially with nick-translatcd

= ’mo,,qu lnd finally D12."In the BIO hybridization (upper pancl), the 1000 nid BIO transcript i
: %wwu due {o'croms-hybridization 1o C11. Similarly, in the C11 hybridization.
ﬁﬂctfmmmhwicudw aoo-reacuvnytomc BlOlmmcnp( is seen for MT1.2.8 (111,

wccl’s -
A ’_5 . J'_



| :spleen cell‘s (chapter II Lobe et a[ 1986 )‘and splemc MLR cultures, the level of
: expressron of B10 and Cll m a type C’I'L 41ne correlates w1th cytolytic activity. The
- relative level of expre551on is also sumlar 1o a(mvated spleen cells i m that the B10 transcnpt
is at a much lower abundance than Cl whel}eas in type II (anugen 1ndependent) CTL
.' 'lmers the anundance of the BlO transcnpt is as hlgh &s Cll In the upper panel of figure
' ‘42 the band correspondmg to the BlO transcnpt 1s mdlcated w1th an arrowhead the htgher

| .MW band is due to cross- hybndxzatton wnh Cll Strmlarly, Cll Cross- hybndlzauo.n to

the Bl() transcnpt is seen 1n the middle panel, MTLZ.8. 2(IIl) lane2

"

B] 0 and Cl1 transcripts are sequcnttall\ ma’uced

-3
The: mducuon of B10 and Cll expressmn was analyzed using a Northern blot of

L the'Rl\A samples rather than a cytodot 50 tHat a more accurate detemunauon of the time
B course of their expressmn ‘could be obtamed Ona cytodot the’sipemﬁc signal cannot be

' _. dlscerned from backg-round signal Wthh 15 due to cross- hybndtzauon of homologous

. sequences On a Northem blot the RNA 1s sxze separated SO the sxgnals due 1o
- homologous but dxfferent size transcnpts ‘such as BlO and Cll can be distinguished.
Spleen cells were sumulated with concanavalin A (ConA) and RNA was tx\olated atlto4d

days post snmulauon as descrlbed in section I11.C.4 except that the RNAQ‘gvas Tun on a
| Northem rather than a cytodot The Nonhern blot was then hybndlzed with-B10 and C11
‘(ﬁgure 3). The band corresponding to Cl1 began to appear at day 2, peaked at day 3,and
was almost undetectable at day 4. Fhe B10. mRNA however d1d not appear untxl day 3
and peaked at day 3 to 4, ~l2 hrs later than C11. Therefore C11 and BlO app;ar to be

sequenually regulated SR '_:‘.

| 2Condmons in Wthh B10 and C11 do not Cross- hybndxze were estizblished sub: \equent to
these experiments. It requires a very stringent hybridization in a 50¢% formamic.e solutlon

~atS0C, followed by wz{shmg in O: lXSET-O 1%SDS at 65 c.
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EIGURE IIIA.3 Time-course of C11 and B10 expression. Total RNA was isolated from spleen cells at
days 1 10 4 after being stimulated with ConA. A Northem blot was prepared as described in figure 111A.2,
hybridized with nick-translated C11, then washed and hybridized with nick-translated B10, The exposure for
the C11 hybridization was 1 day, and for B10, 6 days. (Northern blot prepared by J, Shaw)
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3. B10 and C11 are expressed in helper T cell clones with cytolytic activity - L
Target cell lysis, U’aditionally ascribed onily to killer T cells (T K), has now also been.
. a *

demonstrated in some Ty cell lines (Tite-er al., 1985; Tite and Janeway, 1984). Tw/o
helper cell clones, 21C11 and 153E6 (Lyt1+, L3T4+) were tested for B10 and C11'
- expression. " These cells were of mteiéi’l#cause although they have the surface phenotype
of Ty cells and produce lymphokines (IL.2 and ga.mgq—mterferon) theyﬁ.lso have CTL-like
granules, produce lymphotoxin (LT) and have cytolytlc actrvrty (Schmid taI 1986)
Both lines are antigen- or mrtogen-degendent for growth, but their cytolytic activity peaks
much faster (10 to 12 hrs after ConA-stimulation) than the MTL21.9(I) Tk clone (2to0 3
days post-antigen). Slot blots and a Northem blot of RNA from these cells were prepared

by Dr. N. Ruddle (Yale). One set of samples represents RNA from cells w\%h had been

sumulatedmuh onA for 12 hours (ﬁgure 4A slot blot and figure 5 Northern). The other -

set 1s.,qf RNA from a time-course experiment in which cells were incubated with ConA or |
C%nA+cyclohexamide and samples taken at 0,3 and 7 hours (figure LiB slot blot). These
blots had previously been probed with a lym;!hotordn genomic ;?duence. When probed
wrth C11, RNA from 153E6 and 21C11 T cells 12 hrs after ConA strjfrlanon was positive
for the C11 transeript, both on the RNA slot blots (figure 4A) and Northern blot (figure 5) "
The blots-were then washed and probed with B 10, which gave no b detectable signal on the
slot blot, l%u’f’did reveal a low level of the B10 transcrip't\ in the 21C11 RNA on the
Northern blot (figure 7). This low level of B10 expression reétive to C11 is similar to the

situation in stimulated spleen and antigen- and IL2-dependent CTL. There is also some -

o the larger C11 transcript. When the filters were subsed'uently probed

.usd cDNA clone, D12 (described in section B.8), a low level of

The D12 probc is a]so weak]v cross-hybridizing to the C11 transcript. The negative control

cell line, L929 fibroblasts, was negative for all three probes. When these blots were



- AI 8 4 2 Iamg
J ¥ . o
'CII probe %29 fibroblasts R

A

. 153‘;56 'F, cells  + )}

“ o I B ’
’ ¥ 21CTT T cells . . . ' .
O 3 SRR

DI2 probe 21CIl . T cells

;
r h
' . \ s :
B. +ConA / CHX
5 25 125 04 g
| O hours R - 0 | ”' \
» : . ) o J
L 482401 ug = _ 5.2502u9
3 hours ' [
5 1.2 0. ug” 5 | Ol uY _\!
. ' 'V | o

FIGURE IIIA.4 Expression of C11 and D12 in cytotoxic T helper cells. A, Slot blots of RNA
prepared from a fibroblast line, 1929, and two helper/killer T celi clones, 21C ). and 153ES, cach after 12
hrs incubation with ConA. The blots were hybridized with C11 and D12 cDNA insert, Only the 21C11 T.
el results are shown for D12. B. The 21C11 cells were incubaied st 2 x 108 cells/ml with § ug/mi ConA
and with or without cycloheximide addition (Sug/ml) and samples taken at 0, 3 and 7 hr, as indicated at the
side. The results are shown for the hybridization with nick-transiated C11 insert DNA. The amount of,
RNA in each slo( is shown ach it. (RNA blots provided by N. Ruddi¢) A \

r



FIGURE IIAS thunhudRNAhmﬁcTMcendmlell (povidadbyN Rnddc)"l‘he
bkxwupmbedmmwimwcn B10 and D12 cDNA insert. ’m:lmoonnnmngwh
ofloul cytoplasmic RNA, poly A- RNA, and poly A* RNA. - Co

/



. : N - ) v -
- ) S N 89 v
- ] Jh . N N v =

%Y
probed wnh a lymphotoxm DNA sequenceg, the results were the sa?ne as for Cll - the :

*ZlCll and 153E6 Tyyk lines were positive and the ﬁbrobla.st line was negative.

The l_gnerlcs-of rnducuon of the increase in the level of the Cli transcn'pt in the
' Con’A‘-sti‘mlr.latcd 21C11 cbl»ls ii sbown in ﬁgurc 4B. The level of C11 mRNA was quite
‘ high by'7 hours after _jncub‘ation withConA, which was also, ‘sccn when the lymphotoxin’
gene \;vas used to probe this blot. The characteristi;: c'ytolyti.c granules are easily visualized
in the cells and dontam perfonn by that timee(Dr. N. Ruddle,; personal commun. ). The
similar kmencs of mduction of C11 and LT suggests ,that their exprcssron isactivated by a
common signal. Howevgr\/hen cyclohexamxde (which inhibits mMRNA tramlauon) was
mcluded in the ConA mcubatlon this rise in the C11 mRNA appeared to be blocked,
vxhereas‘fc lyﬁ;photoxm mRNA the induction was cnhanccd (Dr N Ruddle personal

communa=—The lack’ of an increase in C11 mRNA when de novo protein synthesis was

blocked imgplies tfgt:an activator protein must be synthesized for C11 rcgulation. For LT

v n .
mRNA, the enhanced induction in the absence of protein synthesis suggests that at least .

» - .
T regulation occurs via synthesis of an inhibitor of LT mRNA accumulation. This

.
and ,Kam 1986) The fact that LT mRNA Icvels are supennduced imthe presence of
cyclohexamlde mear;s\that LT gene trdnscnpnon must still be occumng Thus the signal
)y
responsxble for acuvauon of the LT gene must be resistant to cyclo}-examxde and thérefore
different from the one forC11. ‘ ‘ .
| ‘ . — TN
¢ ‘ I
. 4 Correlation of Bll)'and C11 expression with esterase and cy(olync acnwt}

The level of B10 and Cl1 transcnptlon in, four dxffcrent Tyyk cell clones was

aséaycd. The T cell clones were ongmally generated as antj gcn-spccnﬁc hclpcrﬁ" cell hncs

»

and some were sub,scqucmf found to possess cytolytic activity (Tite et al., 1985). The
presence of serine esterase actipity in these cells was determined by a bcnzyoxycarbonyl



lysyl thioester (BLT) assay, which Qeteers serine esterases wit}r trypsin-like specificity
(Pasternack anqd Eisen, 1985).

Each of the cell lines was stimulated with ConA and a sample was taken for RNA
isolation at 0, 2, 4, 8 and 16 hrs post- stimulation. The level of C11 and B10 transcripts
was then measured by cytodot analysis (figure 6). C11 was expressed.in all of the clones,
with a pealr at 4 1o 16 hrs, depending on the cell line. B10 transcription was induced in the
55 and 5.9 T cell clones (confirmed on a Northern blot, data not shown). ',It may also be
expressed in the 5.8 T cell clone but the amount of 5.8 T cell RNA analyzed on a Northern
blot.was too low to determme if the cytodot. srgnal was due to a B10 transcript or to cross-
hybridization to the C11 transcript. B10 was not expressed in'the D10 T cell cﬁaone -- the
cytodot signal was due to cross-hybridization to a higher MW transcript, probably C11, as
determined on a Northern blot (data not s‘hown).v 5

| The resulls are summarized in Table I For each of the clones which possesees
cytotoxic activity, both B10 and‘Cll seem to be expressed. The D10 T celTIine, which is
not cytotoxic, expresses C11 but not B10. Th:: lack of cytethic a?t_ivity in these cells may‘
be due to the absence of B10. Itis also possible that the C11 mRNA is.not being translated |
| to a functional ’p\r‘otein. There is no correlatign of B10 or C11 expression to rhe sen'ne
esterase activity. -However, the BLT-assay detects trypsin-like esterase acti\rit‘);,. which
pr‘obably cor:;;dnds to the CTL-specific ARlO-encoded protein (Gershenfeld and
-Weissman, 1986). The B10- and Cl1-encoded proteins were predicted to have a very
unusual substrate specrﬁcny (chapter 1II; Lobe et al l986b) whrch would not be detectable
in thrs assay. Therefore C11 and B10 expression correlated with cytotoxic acnvrty_; BLT-

esterase. activity did not correlate with B10 or C11 expression, nor, in fact, to cytolytic

activity.
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FIGURE HIA.6 Expression of B10 and C11 in T cell clones with or without esterase activity. The
helper T cell clones, D10, 5.5, 5.8 and S.9, were stimulated with ConA and samples were taken afier 0, 2,
4,8 and 16 hrs for RNA preparation. RNA cytodots, were prepared and hybridized with C11 and B10 cDNA
inscrt. RNA from MTL2.8.2 cells was included on the cytodot as a positive control (botlom pancls). The
time after stimulation is indicated along the top, and the number of cell equivalents X 10°3 along the sidc.
The comparison of these results with cytolytic and esicrase activity of the T cell clones is shown in Table
1A 1. e



T i :lone D10 ST IR 59 . 1282
cytolytic activity - +. . + - + low
serine estérase + ' + - - o+
activity (BLT) : . _ .

L8
C11 expression o+ + o+ + +

[ 8

. : .
B10 expression . - + ? + /‘*) +
{

TABLE IIIA.1 Comparison of cytolytic activity, esterase activity and C11 and B10 expression. The T
helper cell clones, D10, 5.5, 5.8 and 5.9 were each assayed for cytolytic activity in a 31chromium release
assay and serinc esterase activity by a BLT chromatographic assay (Pasternack et al., 1986). The same cells
" were assayed for C11 and B10 expression by Northern blot anatysis (figure 6). (Tissue cultire and assays
were carricd out by K. Bottomly, Yalc)

5.Bl10 and C11 are not expressed in peritoneal exudate lymphocytes

~ Todate, éll active cytotoxic T cells have been positive for B10 and C11 expression,
with the exception of some cloned lines generated from peritoneal exudate lymphoéytes
(PEL) (Zagury etql., 1975). RNA prepared from four PEL-derived lines was generously
provided by Y. Kaufman (W'eiszman Institute) and analyzed by Northern blotting (figure
7). No detectable B10 or C11 mRNA was found in them (PEL #3, 4, 9 an.d 10) although a

signal was apparent for the T cell lines MTL2.8.2 annd D10. Hybridization with an actin
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FIGURE IIIA.7 Analysis of B10 and C11 expression in peritoneal exudate lymphocytes (PEL). Totl
RNA from 4 cell lines derived from PEL, the D10 T cell line and the MTL2.8.2 CTL linc was sizc-
{ractionated on a 0.8% formaldehyde-agarose gel and transfesred by Northemn blot. The blot was then probed
in tm with nick-translated C11 cDNA insert, B10 cDNA insert and an actin gene probe. )
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probe showed that there was a co(f'r‘lparablc l»cvelb of RNA from each of t‘hﬁe cells.
Interestingly, it was recently reported that although these ;:ells ha\;e cytotoxic activity, the .
granules isolated from them do not have Iytic activity _(G'.»' Berkg, Iml.V‘Cong. Immun.) and
.‘-db not contain perforin. Consequenfly, these cells may kill their targets via a mechanism
different from CTL whicﬁ does not involve ihe gmnulm-assmiateq proteins such as'sé¥ine

proteases or perforin,

6. CsA and PMA do not inhibit C11 transcription

Cyclospoﬁn A (CsA) is an immunosuppressive.dmg cofnrhonly used in organ
transplantation to block rejection of the foreign tissue. At least part of its inhibition of a
" normal celiula'rAimmune response has been battributed to its ability to block production by.
helper T cells of lymphokines, including IL2, gamrﬁa-interferon and GM-CSF (Britten ax;d.
' Palacios, 1982; Bunges er al, 1981; Reem er al, 1983; Elliott e al, 1984). This blockage
occurs at the level of transcription, that is, CsA selectively inhibits the qanscdpﬁon of a.
few specific mRNAs. In addition to its effects on helper T cells, it also appears to inhibit
killer T cell functidn (Orosz et a?., 1982). When the antigén-dependcn; T cell clone,
MTL21.9(I), was incubated with CsA after stimulation with alloantigen and exogenous
ILzl;‘the cytolytic activity of the éells was inhibited ~3-fold (measured by a 51Cr-rciease
assay; Shaw et al., .1978). To test.whcther this inhibition of activity was éssociated with a
decrcasé in the accumulation of C11. mRNA, MTL21.9(I) cells were stimulated with
antigen and IL2 and after 2 days, half of the cells were incubated with 50 ng/ml CsA. :
RNA samples were prepared from the CsA-treated and untreated cells at 3 days post-
antigen, run on a Northern blot and hy\bridized with C11 (figure 8A). Although the
cytolytic activity of the cyclosporin-treated cells was inhibited, ‘.thc level of C11 mRNA was
approximately the same as in the untreated cells. | |

Another compound lwhirh can inhibit the Iytic activity of memory CTL is phorbol

myristate acetate (PMA; Orvsz o1 al.,, 1983). When a spleen cell culture which was
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FIGURE II1A.8 Cl1 expression in CsA- and PMA-trested cytotoxic cells.  A. MTL21.9(1) cells were
stimulated with antigen and 2 days later CsA (50 ng/m) was added 0 half of the cells. A Nogthern blot
was prepared with RNA from the tresiod (+CsA) and untresied cells (-CsA) and hybridized with nick-
translaied C11 cDNA insert. B. Spicen cells were stimulsted with irvadisted F(1) colls and [L2, and afier 18
- days, were re-stimulated with IL2 alonc, in the proseace (PMA+IL2) or sbeemce (IL2) of PMA. RNA was
from cells at 1 10 4 days afer stimulation. “3w” snd "4w” iadicas cell ssmples which were
washed at day 2. RNA from the CTL kine, MTL2.8.2(TIT), PMA-treated or uatrested, MTL2.8.2(11) and &
helper hybridoma was also included. The cytodot was hybridized with radicactively-isbeled C11 cDNA. C.
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originally stimulalcd with alloantigen and iL2 is re-stimulated wit} L2, the cells proliférate
* and cytotoxm acuwty of the culturc increases ~10-fold. If PMA is added togethcr with the
IL2, cell proliferation-still occurs but there is only a ~3-fold increase in cytotoxic acnvny
To assay the effect of PMA on Cl1 cxpressxon the long-term spleen cultures were
sumulated with IL2 in the presence or absence of PMA (cartied out by J. Hooten), and cell
samples take_n at days 1, 2 and 3 post—stlmulatlon. At day 2, half of the IL2- and
IL2+PMA-treated cells were washed and inc‘ubated with IL2 alone. This wash removes the
cffect of PMA-inhibition. Samples of the washed cells were taken at day 3 and day 4
' (desxgnuted ‘3w” and "4w" in the figure). For each of thc samples taken, the cells were .
| assayed for cytotoxic activity and Rfi?\ was pr_cp_z_xfcd for cytodot analysis (figure 8B; the
corresponding cytolytic activity for each day is givefl underneath the cytodot). Also
included on the cytodot were MTL2.8.2(I1I) cells ir:_cubated with or without PMA, and
_ MTL2.8.2 and helper hybridoma cells as positive and negative controls, respectively. The
cy£odot was hybridized with C11, which gave a comparable signal intensity for the PMA-
treated and untreated samples (figure 8B). This revealed thgt PMA does not inhibit the
trans “ript~n of C11 mRNA, although the cytolytic activity is inhibited 3-fold. Washing
the b MA-treasd cells increased the cytolytic activity from 33% to 68% on day 3. This rise ’
in dctivity, ﬁowcver, was not accompanied by aburst in C11 expression. The effect of
P}MA on the level of mRNA corrcspor;lding to another CI'L-Speciﬁctélone‘, ARIO, was also
r)fa/ssay_cd ( ﬁgure 8C; Gershenfeld and Weissman, 1986). Transcr_imibn of AR10 VA 1S |
‘J’in‘duoed in an MLR similar to, but laldr than, C11 and B10. In the cultures tested hgre,
AR10 mRNA increased and peaked a;day 2. As for C11, this induction was not inhibited
by PMA. S
) Cl: L activation and lysis is a complex multistep process, as discussed in chapter 1.

Initially the CTL recognizes a target cell and this recognition induces synthesis of the IL2
receptor subunit, allowing uptake of the lymphokine. The dual signal of antigen and IL2 -

activate the CTL to proliferate into a clonal population of cells capable of binding and lysing
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target cells. Cytolysis occurs in three stages: target conjugation; a Caz“-depende_m stage in

which serine proteases are involved &fé a lethal signal is delivered to the target cell; and

"

finally, releaée‘ of the target cell, which sy uently lyses. The steps in CTL activation

A
0y

and lysis have largel)\/ beer. delineated by inh}éiting'the process at specific stages. For
example, the lack of CaZ* will not allow cytolysis to proceed beyond target conjugation and
S N J

serine protease inhibitors block the subsequent stage in whigh the lethal signal is delivered
to the target cell. o
)

In the CsA-treatmént of CTL described here, cytoto'xicity was blocked without
inhibiting cell proliferation. However, it was subsequently found that if CsA is added

.together with antigen and IL2 (at day 0), both p;roliferﬁtion and cytotoxic z.ucti‘vity are
coAmpleteely inhibited (C. Havele, " preparation). CsA may therefore be acting to Blbck“
, 'a;ntigeh‘-triggering of intracellular events. This implies th.a‘t prolifucraticm and cytotoxic
activity are sequentially induced b;r amigen. Howéver, the fact that C11, which is induced
late in the CTL response and m::y be involved' in target cell lysis, is still éxprc_sscd when
cytotoxic activity is blocked suggests that induction of prolitcration and induction of
cytotoxicity are indepeff_dent events.

PMA effectively inhibits the cytotoxic activity in 7h0kmemory-type cells without
blocking cell proliferation or C11 expression. However, PMA inhibition of cytotoxicity
does not occur in an antigen+IL2-dependent response. On the contrary, it can substitutvc,
for antigen to stimulate the response. The difference in the effect of PMA in the two tvpes
of cells may be explained by an alternate pathway of activation used by the memory cell,
which is antigen-independent and PMA-inhibitcd. However, PMA inhibition of this
pathway does not block the proliferative response or C11 induction, suggesting that
cxpression of some other molecule(s) involved in cytolysis is blocked.

'ﬁc variability in the effects of F:sA and PMA, depending on the time they are -

added and the cell's requirements for cell stimulation, suggest that rather than a simple

sequence of events, CTL activation involves a network of signals. Some of the genes
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v»hrch encode molecules thal are 1nd11ced in the CT L response have now. been cloned -
mcludmg the mducrble subunn of the lL2 receptor lymphotoxm perfonn and of course
_ the senne proteases CCPI and ll and Hanukah Factor These cDNAs as well as
)”annbodles agaxnst the protem products can be used to momtor how 1nh1b1tors such as CsA ‘
: and PMA dre exemng thexr effects at the molecular level In thxs way we should be able to
reﬁne our understandmg of 1he senes of events Wthh occur durmg target recogn1t10n and

1y5,5 S o ‘

) ‘-8 Localzzatlon of CCPI 10 granules ‘

_ S’ymhenc pepudes based on the Cll sequence were synthe51zed and- used to .

generate anubodles agalnst CCPI (RCB m preparatron) M Redmond (U. of A. ) used f

| horseradlsh peroxrdasev‘labelled annbody to locahze CCPI to Lhe charactensnc granules of
‘ : CTL The antrbodres detected a protem 1n the granules of the type H CTL clones,
'-MTL"Z 8.2 and MTL2 2. 1 whrch express Cll but not in EL4, S”)d or C’TL L16 cells
_whlch-do not express ClL. On'Western blots either of total cellular protem or of granular-

: _assocxated protems» the antibody bound toa protem at~29kDy, both in non- reducmg and ,v
reducmg gels (RCB in preparauon) We conclude that this band and the protem localized
10 the granules is CCPI Since the. synthetlc peptdes correspond to regrons of CCPI which
-are homologous to the BlO-encoded. protem, CCPH, the immuno-staining may include

CCPIl as well as CCPL | B -

‘CTL granules are believed 1o contain the effector rn'olecules for CTL-mediated lysis.
Isolated granules fro‘m CTL cohtaln perforin and serine proteases and arc capabie of non-
specific target cell lysis (Podack and Konigsberg, 1984 Masson etal., 1986a) Recently,
one of these granule-associated proteases was purified. to homogenerty and sequenced
(Masson et. al. 1986b) The amino acid sequence determined is identical to that predrcted

for Ha.ukah Factor, base@; on e cDNA sequence of AR10 (Gershenfeld and Weissman, |

P :
1986). This protein runs at 60 kD on a non-reducing gel and 35 kD on a reducing gel. At
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gast one other serine protease has been detected in granules by diisopfopylﬂoumrhosphatc
(DFP)-bihding (Young et al. , 1986). It is reported to run-at 29 kD on both reducing and °
non-reducing‘gbels‘and seems to have an unusual substrate specificity. Theref()reT it quite
likely is CCPI. The existence of CCI;I as a monomer wasn't expected, since an uneven
numbgy of Cys-residues occurred in the derived amino acid sequence. This lead to the
suggﬂeﬁsiion' that the Cys at posﬁion 74, which has tio counterpart in other known serine -
proteases, is linked by a disulphide bond to another chain (Reid, 198337 CCPI was
therefore predicted to correspond to% serine protease homo; or heterodimer which raﬁ at
60 kD on a non—reducirllg gel and 35 kD on a reducing gel (now known to be Hanukah
Factos). ‘ | | * \
The CTL-L16 line is an IL?.-d‘ependem‘clone which has lost its cytotoxic activity
even when incubat withuthe mitogén, ConA (C. Havele, personal communicatioh). RNA
was prepared from CTLL&S with and without a J6 hr incubation with Co_nA, and used 16
prepare a Northern blot. When prébed with B10 and C11, no B10 or C11 mRNA wa.§
detected, either in the samples from unstimulated or mitogen-treated cells. The lack of B10
and cl1 expression may be the cause of the loss of CTL-L16 cytotoxic activity, although it
1s possible that other molecules involved in cytolysis are also not expressed. CTL-L16
cells have a high number of the characteristic dense Tk granules. Howe;/cr, when the
granule-associated proteins from CTL-L16 were analyzed on a Western blc;t by probing
with the anti-CCPI antibody, no signal was detected. This absence of vCCPI in the CTL-
L16 granules agrees with the lack of C11 mRNA in the cells.

8. Other related DNA clones
(a) D12

A cDNA library was construc.tcd using the method of Land et al. (1981) to generate
double-stranded DNA (dscDNA) from MTL2.8.2 mRNA. The dScDNA was ligated into
the pUC13 plasmid vector Qia EcoRT linkers (Goodman and MacDonald, 1979) and the
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. recombinant DNA was used to Umsfom/éjgoli IM83 (M an&is et al.‘, 1982). This hbrary -
was then screened with Bl0 and C11 insert DNAino. 0 isolat&ﬂl-length éiones. A
cDNA clone Which cross-hybridii:ed strongly wi.th»BIO and C11 was identified and found
to have an insert of 830 bp. O:: Northern blots this clone hybridized to an mRNA band of -
~~1000 nid, the same size as the B10 mRNA. Howevcr sequence analysis revealed that this

clone is not B10, but a third member of this hxghly related gene family.

- Thc D12 insert was"'s'm)clonecho M13 and prehmmary sequence data was
| obtained (figure 9; Sanger et al., 1980).. Comparison of the D12 sequence to that of C11
re\;caled aﬁ‘?%' homology_ at the nicleouade level, which accounts for the cross%*gactivity of
thcA clones. The putative translation start site was identified by a]ignment.‘_to the C11-
sequence, although to align it throughout the C11 translated sequence, the reading frame
must change! ,lehe sequence data must therefore be ;/eﬁﬁed to determine if D12 does
encode a homologous protein to CCRI.

Aésuming further sequence data will yield an open readi‘ng frame encoding.a
CCPI-like protein, the Dl?.‘cDNA clone includes a 166 bp 5'-untranslated s;luence, but
does not extend to the 3'end of the translated sequence. A potentiai ribosome binding site; -
CCUUCC (Hagenbuchle et al.l, 1978) is located 13 ntd upstream of the putative start

. codon.. The D12-encoded proteiﬁ would have a hydrophobic signal sequence, with an Ala-
Gly cleavage site 4 amino acids before the Ile-Ile which is predicted to form the amino-
t’crminus of the mature form of CCPI (chapter I1I; Lobe er al., 1986b). This ir.n/plies the
sequence of the activation peptide woald be .Gly-Ala-Glu-Gl-h, compared to the CCPI
predicted prdpcp:ide of Gly-Glu. Most im'f)ortantly‘the homology to C11 suggests that the
D12 transcript would alsolencodc a serine protease related to CCPI and I. Of th;: catalytic
triad, the His and Asp arekoth present in the same locations as in CCPI. Becalse the D12
sequence stops short of the 3'-end of the translated regior? we do not yet know if the Ser is

! .
present in the putative D12 protein product, or if it would possess the unusual substrate

¢pecificity predicted for the C11 protein product, CCPI.
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FIGURE IIIA.9 Nucleotide sequence comparison of the D12 and C11 ¢DNA inserts. . The D12 insent
was re-cloned in M13 and scquenced by the dideoxy method (Sanger ef al., 1975). The D12 sequence is

shown optimally aligned with the C11 sequence (chapter 111, Lobe et al.
nucleoude identitics.

1986b) with asterisks designating
The Cll-translated product, CCPI, is shown on the bottom line. The putative

ribosome binding site in the D12 scquence is underlined. The His, Asp and Secsesiducs of the catalytic

triad arc marked with arrowhcads, and the probable cleavage sites of the signal and activation peptides are
indicated with-arrows. )
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, When used to probe the same cell panel cytodot as B10 and Cl-l' D12 was also
fc tund ?o be expressed only in T cells with cytolyttc activity. It was expressed in an IL2-
depen_Wntigen independent (type II) CTL line, M‘I‘L2 8.2(1), and an IL2- independent
\rariant% MTL2.8.2(I11) (figure 10) The D12 t:ranscnpt was not detected in brain, liver,
thymus splenic NK or helper hybndoma cells (figure 10). By Northern blot analysis,

i however the,zHOOO nid D12 transcnpt did not appear to be expressed in ConA-stimulated
spleen cells or% the antigen-dependent CTL hne MTL21. 9(1) {figure 2). The faint hrgher
MW ‘band seen for MTL2] 9(I)+anngen 1s probably due to cross- hybrrdlzation to the
hlgher molecular weight Cl1 transcript, as is the srgnal for, the long-term MLR+IL2 in

ﬁgure 10. These: results have been conﬁrmed in three ofher expenments in which cells

from an MLR orl?om anti gen- sumulated type I CTL were tested for D12 expressich. The
_ physiological stgmﬁcance of a high lev(fl of expressl‘ﬁn of D12 in CTL lines which have
mttgen 1ndependent and not in normal CTL is not known. Unlike the antigen-

dependent T .cells,-which do not have a detectable level of D12 mRNA the antigen-

e

dependent Ty cells li?féef’ a level of D12 mRNA approximately equal to B10 mRNA

(section B.3; figure 4A and 5).- Possibly, then, D12 corresponds to an mRNA whose
physiologica' role is in this recently identified subset of T cells, Th/x- On the Northern blot

ed

the helper cell lines (CH2.4 and EL4), Rl lymphoma, $194 myeloma aad splenic B cells
were all negative for D12 (figure’2). .

b) gN1
Another clone which cross-hybridized with C11 was identiﬁed while screening for
a genomic Cl11 clone’in a lambda charon 4A phage library. lThlS gcnomic DNA clone,
desrgnated gN1, has an insert of 10 kb. The restriction map of this clone, however did
. not correspond to the map of the C11 gene deduced from probing total genomic DNA.
When used to probe the same cell-pane] cytodot as the other- clones, it was found that

% BIO C11 or D12, this clone appears to be NK-specific (ﬁgure 10). A strong
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hy‘bﬁdization signal was se;nhfor splenic NK cells, With or without pre—incubatiém with
interferon. A much lowcrvlevel of expression Waé seen in th);mus cells, thé helper
hybridoma, the long-.term MLR culture (with either IL2 addition or a change of media) and
| type Il MTL2.8.2 (figure 10). From the cross-hyb.n'dization of gN1to C11,Bl0and L 2,

. i't is apparently a member of this set of related sequencés, perhaps also encoding a serine™ —
protease. Its NK-spcciﬁé expression is intriguing, since it has been suggested Lhat'C’I‘L
and NK cells lyse their targets by a similar mecﬁanism (Henkart e: al., 1984; Q.ua‘n.et al.,

| 1982). Assuming that the C11, B10 and gNlﬂprotein‘ prod‘ucts are in\;olved in cytolysis,
;he two iypes of cells may employ different but very homologous prqtéins to carry out their

' func;ibns. : | .
C. CONCLUSIONS
AILT cell lines with cytotoxic activity or cultures whi_ch.cdﬁtain active cytotoxic T

" cells tlh:s‘far tested exp.re‘ss the C'l'lv and B 10 transcripts. °D12 expression 1s also associated
with cytotoxic T cells, buvt doesn't appear to be required for cytotoxic activity. In all cases,
the leve] of Cil and B10 mRNA increased when antigen-dependént éyfotoxic_T cell lines
or spleeh cell cultures were aétivéted by antigen or ConA, with the =7 of induction.
preceding the peak of cytotoxic act?vit.y. In spleen cells stimulated with Aloantigén, B10
and C11 mRNA levels did not peak until 2 to 3.days post‘-stimulation, approximately one
day prior to the peak of cytotoxicity. When a long-term MLR reaétipn was re-stirﬁulated
“and cytoto;cicity pe‘ake.d by ,day 1” cii and B10 indu\ction also occured by that time. In a
Qrc‘sp_onse in whigh,.a czlc;ned CTL line was re-su'mul.ate\d and its activity returned by 9 hours
to 2‘days (depending on the cell‘lin'e)., induction of Cl‘i and BIO expression always
occurred just éheac{ of the i_nére_ase in cytotoxicity. In 'alleantig:én-activated spleen, Cl1
induction occured first, followed by B10 ;}2 hrs iater, and cytotoxicity 12 hrs after that, so

the two:.mRNAs‘ may be sequentially regula'ted. ,

- : ‘ : . . Co . N



105

As discussed in ;fhe introducti 1, two signals are required to activate a pCTL:
antigen and 1L2. The Initial signél of - atigen causes a transient burst.of trz_xﬁscription of a
few genes, including aniL2‘ receptor submt, c-myc and MHC molecules. The increase in
C11 and B10 mRNA, however, appears to occur later than this initial response. Their
expression may be induced by secondary messengers latef on in the series of events which
‘may ultimately lead to tz'aryget cellklysis. The molecules initially.synthes.izedvare probably
ir;volved in propagating the antigen recognition signal, whereas the molecules which are
subsequently ind‘uced are involved in the lytic process itself. Indeed, the kinetics of -
induction of C11 are 51m11ar to those of LT mRNA in a LT-secreting T cell lmc However,
aJLhough C11and LT are both induced and at about the same time, their induction appears

-

to be mediated by different signals. Cyclohexamide treatment during amigen activation of
Ty cells revealed that C11 mducnon is mediated by a regulator which can be blocked by
cyclohexamlde and LT mRNA induction is probably medlated by a dxffcrcnt molecule,
which is not blocked by cyclohexamide. ‘

Several Ty cell dines were assayed for B10 and C11 éxprcssion, BLT-esterasc
activity and ‘c'.:ytotoxic activity. In all of the lines with cytotogic activity, Cl1 and B10 were
expressed. There was no correlation with BLT-estc'rase activity, However, the BLT-
cléavage is an assay for qypsin-like activity, which prc;fably corresponds to another CTL
serine proteaée Hanukah factor.” CCPI and II are prédicted to have an unusual 9ub§tratc
specificity, and thereforc not expected-to be detected in the BLT assay. Cl] and B10 -
expression correlated with cytotoxic activity but not with BLT-esterase actwny Of note,
BLT- 'estcrase activity did not-correlate with cytotoxicity.

Cytotoxic T cell lines which have been gencrat?d from peritoneal exudate
Iymphocytes have granules, but, unlike those from other CTL lincs,’thc granules isolated

~from PEL-derived lines do not have cytolytic activity or perforin. Therefore they must

employ some other mechanism to lyse their target cells. By Northern blot an#ysis, these

+
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cells do not express Cl 1 or B10. Thus, the only cytbtoxic T cells found not to express
B10 and C11 also seem to employ an ;'ﬁcceptiorllal mechanism for target cell 1¥Sis.- ) |

Although cytotoxic activity can be bl<')cked by CsA and PMA, neither compouhd
inhibits the corresponding increase in C11 mRNA. These compounds may either block
other molecule‘s\necessary for cytolysis or block at a later stage of the process than
jnduction of C11 transcription. ‘

rTwo other members of the B10/Cl1 gene family were identified by cross-
‘hybridization to C11. The first, D12, has so far only been found to be expressed in
antigen-independent Tk cell lines andl antigen-dependent Ty cell lines. The lack of
detectable D12 mRNA in antigen-stimulated spleen cultures or antigen-dependent CTL
leaves opéh the possibility that the D12 gene is not normally expressed, but is aberrantly
activatéq when Ty cells are grown in culture. Prel\iminary sequence data revealed that D12
may encode a protease homologous to CCPI.

The other Cl1-related sequcncév is the genomic clone, gN1. This clone is very
homologous t; C11 (by cross-hybridizaticn), but unlike the other members of this gene’
family, gN1 1s an NK-specikﬁc clone. Cil and B10 mRNAs have not been detected in
splenic NK cells, although NK cells are thought to lyse their tafgets in a similar, granule-
mediated mechanism to CTL. gN1 might therefore be the C11-equivalent in NK cells.

Localization of CCPI to CTL granules provides further sugpon}h‘at the proteins are
involved in the cytolytic ev-:t. Granules have previousiyAbeen implicatéd in the
mechanism of T cgli-rhcdiated lysis (Podack and Konigsberg, 1984). A model of granule-
_ 1ﬁcdiétcd killing 1s presented in figure 11. Upon interaction of Lﬁe CTL with its target,
cytoplasmic granules polarize to the point of contact b>tween the two cells (Yanelli ét al.,
1986). By fusing with the cytoplasmic membrane the-granular contents are released into
the contact space between the cells. One of these proteins contained inside the granules,
perforin, is capable of forming a polymerized complex, containing hydrophobic énd

hydrophilic domains, which can be inserted into the tafget cell membrane and thus create a
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{

Cytotoxic

cell

~
FIGURE ITTA.l Modcl of CTL-graniile involvement in killing. The gr\a\nulcs of a cytoloxic
cell, which has come into contact with aftarget cell, polarize and fuse to the CTL-target contact
region. The granule-assaciated proteins Ean then be released.into the intercellular space. Poly-
perforin complexes are shown inserted into the target cell membrane, creating a trans-membranc
channel. Other granular proteins may then pass into the target cell 1o induce destruction.

~—
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transmembrane channel ¢Dennert and Podack, 1983). The "lytic-molecules” éould thcp
| paSs into the target cell and induce its destruction. -, |

The nature of the lethal effector molcc(lleks;f‘s not known, but presumably they are

contained within the granules. The fact that CCP1 is located in the granulcé of cytolytically

active T cells suggests that it may play a key role in the lytic.r'nechanism. Indeed inhibitors
of serine prc;teascs have been shoyvn to block target cell lysis even when introduced late in

the process (Rcde]rﬁan and Hudig. 198). The gfanulcs in CTL are acidic, so it is unlikély

that CCP1 would be active at this pH (Masson et aI..,"1986a). Therefore it is concluded that
~ the proteases are active either during or after exocytosis. They could play a role in the
degranulation pro;'ess itself by attacking cell membrane proteins or, in a similar manner,
facilitate polyperforin insertion in the targét cell membrane. The a;la]ogy with éomplcmem-
mediated lysis would suggest that the esterases may be involved in activating or assembly
of the lytic molecules. Finally, it is possible that one or more of the proteases could pass
through the transmembrane channels 'imd, finding their substrate igside the target ce11l,
. Initiate a chain of events resulting 1n cell death. |

Although the precise fuﬁctiéns of the B10- and C1 1-encoded prote}ns are not‘ yet

known, the results presented in this chapte. demonstrate that they are specifically expressed
in CTL, their expression correlates with cytolytic aétivity and they are located in the CTL
granules. Toge(herﬂ this strongly suggests that they play a impoEtant role in the lytic

SN
mechanism of CTEV \
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Chapter IV

Organization and Regulatlon of the Cl] and B10 Genes

A.INTRODUCTION

!

Cytotoxic T lymphocytes (CTL) belong to the effector sﬁbset of thymus-derived (T)
cells. After differentiation in the thymus, these cells- cuculat@ the penphery as precursor
CTL (Scollay et al., 1984). If they encounter cells bearmg forelgn anngcns they become
activated ki]lcrt;éc}_ls__cap‘able of binding to a targc_t cell and causing ,1t to lyse (Nabholz and
MacDonald, 1983). Because of their role in 'd'efe;)ding the bc;d‘y agajnst f‘r’mﬁasions such as
viral infections or tumor formation, an understandiﬁg of how CTL function ha_s"irriportant ’

ESLY

biological implications and clinical apphcduons A 0,’_,;\". _ “ 5 -

To examine the mechamsm by which a CTL deln ers a lym sxgnaﬂd a’t&r%‘&t c:el]’?i

appears to encode a serine protease, rcferrcd toas CCPII. K ,, R O
” Ql .

The predicted C11 protein product has 12 residues at the N—terymnﬁs whlch are

against a synthcnc peptide derived from the CCPI sequence thc protem has be‘%localmcd -
. 1n the cytoplasmic granules (RCB, submitted). Following the signal scquence is a d1- |

pcpndc Gly-Glu, believed to be the activation peptide, as proposed for cathepsin G
112
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(Salveson et al 1987). This is based on the observations that the Ala Glyﬁat %posmon
; ' Jc

probably starts with Ile-Ile, as it does for cathepsin G and rat mast c 5
Suchi a short activation peptide of only two amino acid residues would } ¢t for a serine
protease. By analogy to other serine proteases, the activation peptide is. cic’avcd from the
pro;eﬁZ)'fne to conven_the inactive zymogen to the active form of ACCPI (Neurath ahd
Walsh,1976; Salvesen eral’, 1987). ,

CCPI is very homblogous with rat mast cell protease typell (RMCPII). This was
particularly interesting, as RMCPII possésses a number of unusual stfucjfural features

which indicate that it has a substrate specificity quite different from classical serine

proteases (Woodbury er al., 1978, Woodbury and Neurath, (1980). CCPI shares several

of these features and in addition has other unique changes which alter the gnvironment in -

the active site pocket (Lobe er al., 1986b), suggesting that it too has unusual substrate
specificity.
The level of expression of the mRNAs corresponding to B10 and C11 correlated

with cytotoxic activity (Lobe er al., 1986a). The maximum expression préccécd the peak

» of cytotoxic activity in an in vitro allogeneic or mitogen induced response, by 12 to 24 hr.

Together with the sequence information, this suggested that the protein products may well
play an irportant role in mediating the killer cell function. The time course of expression
together with the sequenée data raises the possibility of a protease cascade mechanism of
activation, analogous to the activation of the complemcn: components (Reid and Porter,
1981). Alternatively they may themselves be toxic molecules which.arc directly involved in
the degtruction of the target cell.

The dramatic increase in the levels of the CTL-specific mRNAs upon cell activation
‘poéed the intriguing question of how their expression is regulated. This regulation could

”

qgur at the level of gene transcription, post-transcriptional processing or mRNA

i dégradat@n (Darnell, 1982). We thave used a nuclear run-off transcription assay to

enzyme

TS
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determine if the increase in mRNA level is due to an inerease in initiation of transcription.
As z; first step to characterizing the genes corresponding to B10 and C11, genomic clones
have been isoi’ated and mapped by restriction enzyme analysis. Some information on the
exon/intron organization of the C11 gené was also obtained. This was of interest, sin.ce the
gene organization of many serine proteases has been determined, and on that basis they can
be classified into distinct evolutionary families. The C11 and B10 genes appear to be
members of the same multigené fag%ly, which rria"y also include D12, gN1 (appendix to"
chapter III), RMCP II (Lobe ez al., 1986b) and cathepsin G (Saivescn e; al., 1987).
Therefore a characterization of how the genes are organized should provide information o_r},"ff‘_
how similar these genes are to éach other, and how they relate to the other serine protease
families.  Possible regulatory sites of each gene have been idemif}ed by DNase 1
hypersensitive site mapping. The correlation of th‘e hypersensitive sitcsr\és//ith activity of the

genes was investigated by assaying a variety of cells which differ in':'=~th;ir state of

expression of the B10 and C11 mRNAs. s

B. MATERIALS AND METHODS

1. Cell Culture

The cytotoxic T cell lines MTL 2.8.2 and MTL 2.2.1 were generated from CBA/J
mic> -s described (Bleackley er al., 1982). The CTL.L16 line, kindly pfovidcd by Ann
Cook (Middlcsex Héspital, London), is a cytovtoxic T cell line, but since being isolated has. |
lost its cytolytic activity. EL4.El is an ‘IL2-producing variant of EL4 (Farrar ez al., 1980)
and S 194“is a myeloma cell line. All cells were maintained in RPMI-1640 supplemented
B with 10% fetal bovine serum and iO“‘ M 2-mercaptoethanol (RHFM). For the MTL and

CTL.L16 lines, 10 U/m! IL2 was also included. ConA stimulation of the CTL.L16 cells
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'u'éETamed out at 5 ug/ml for 16 hrs prior to harvest. Thymus cells were obtained from

11-week old CBA/J mice.

2. DNA Preparation

‘Phage or plasmid DNA was purified by the plate lysis or rapid alkai;nc ‘lysis
- "ods respectively (Maniatis ethal.’, 1982). "To prepare genomic DNA, 107 cells/ml were o
lysedin O.S%SDS, the solution was adjusted to 100 ug/mil prbtcinase K and incubated at
37 C overnight. FolloWing phenol/chloroform extractions, the solution was adjusted to
0.3 M NaOAc and 67% ethanol. High rholécular weight DNA was spooled out on a
‘;‘)asteur pipette, air dn's:d, rinsed with 70% ethanol and dissolved in 10 mM Tris-HCI pH8/1
mM EDTA at 4 C. |

Restriction enzyme digests were carried out in 1X -Core Buffer (BRL) at 37 C,
either overnight (phage and genomic DNA) or from 1 to 4 hrs (plasmid DNA). Digested
DNA was then eiectrophoresed ornr agarose gels and analyzed by Southern blotting

(Southern, 1975). Alternatively, insert DNA was isolated by polyacrylamide gel
electrophoresis and purifed by the crush-soak method (Shleif and Wensink, 1981). o

3. Molecular Probes and Hybridizations
The DNA probes used were inserts or subfragments from the CT L-specific clones
B10 and Cll (Lobe etal. , 1986b), purified by polyacrylamide gel electrophoresis and the
crush-soak method (Schleif and Wensink, 1981). Ingen from a rabbit beta-globin gene
clone (Grosveld, 1981), which is homologous and cross-hybridizes to the mouse sequence
(van Ooyen et ﬁl., 1979), was also used as pfobe. The DNA probes were nick-uanslétcd
’ flzsing a BRL nick-translatiorq kit or oligo-labelled (Feinberg and Vogelstein, 1983) tor.l toS
x 108 cpm/ug. A synthetic oligbnuclcotidc was purchased from Thé Regional DNA
Synthesis Laboratory, Calgafy, and corresponds to the sequence 5'-

CCTCTCTGCTTTTATGATGC-3". This 20-mer is homologous to a sequence 106 ntd

-
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upstream from the start site in the Cll mRNA, and was kmase labelled to 1 x 108 cpm/ug
(Mamaus et al 1982) and used as a.probe. | )
b Biot§ were pre- hybndlzed in 50% formamlde 20 mM phcsphate buffer. pH6 8 2
mﬁd, pyropﬁéspate bOQ uM ATP, 5XDenhardts, 5XSSC 100 ug/ml salmon sperm DNA,
0. 1% Sﬁgpandﬁi.ﬁ mM EDTA,; at 41C for 210 15 hrs Hybndlzanon was carried out in
the same buffer. with 1 to $.x 106 cpm/ml of DNA probe. After 15 hrs’ at 47 C, blots were -
washed in 0. IXSET 0.1%SDS for 60" at 65 C: with 3 changes of buffer The filters were

then exposed to X-ray film using an mtensxfymg screen

4. Screening of Genonuc Libraries ,

| The genomic B10 clone was isolated from a genomic llbra’ry prepared from CBA/J
mouse liver DNA in the lambda char0n4A vector (Drs. RTCBleackley and J. Bell, -
Ungersxty of Alberta). Two million recombinants, propagated in E. coli NEM ¥ 3 were
screened in duplicate at 2 x 105 plaques per plate. Another murine genomic DNA library,
generously pro?ided\by Mark Davis (Stanford), was used to isolatesthe genomic‘Cll
clone. The library eontained CBA/J mouse liver DNA in the vectorvlambdaJl, and was
ggawn in E. coli DL191.- A total of 2 x 10¢ plagues .were screened in duplicate. Plaques
’wcre lifted onto nitrocellulose filters, denatured in 0.5 M NaOH/l.SIM NaCl and
neutralized in 1 M Tn's-Hél pH?/l .5 M NaCl. The filters were allowed {0 air-dry, then
baked at 80 C for 1.5 hrs in a vacuum oven. They were then hybridized wﬁh insert DNA
from B10 or C1 1 washed and exposed to X-ray film, as described above. |

5. Nuclei Preparations and DNase I Treatment | X

Nuclei were prepa;ed by a method-similar to that described by Iénver etal. ( 1985).
Harvested cells, 1 to 2 x 107, were banded on a Ficoll gradient. then rinsed in cold PBS
and transferred to 15 ml snap-cap tubes. The cells were resuspended in 1 to 2 ml _i:fe-cold

lysis buffer (50% glycerol, 50 mM Tris-HCI pH7.9, 100 mM KC, 5 mM MgCl,, 0.05%



Lo ' 117
NP4O 200 mM 7-men,aptoethan01) and left on ice for IO to lyse. Nucle1 were pelleted by
.cenmfugatxon at 5500 pm in a Sorvall HB4 at-5 C, nnscd in ice- cold Buffer A (100 mM
.NaCl, 50 mM Tris-HCI pH8.0, 5 mM Mngz, 0.1 mM PMSF) and re-pelleted at 5500 rpm
for'3" at OC. The nuélear.‘pellet was r.g.su‘sp‘endcd in ‘2 ml ice cold Bdffer A+ 9.5 mM
Ca2*, except CTL.L16 nuclei which were resuspended in 1.2 ml. Aliquots of 180 ul were
incubated at 37 C for 15' with 20 ul of DNase’], diluted to various concentrations in buffer
A + Ca2* Digestion was-terminated by.'thé addition of EDTA to 25 mM. RNase was
'a({ded to 20/ ug/ml ana the incubation was continued for 30" at 37 C. Proteinase K and
-SDS werg then added to 50 ug/ml and 0.25‘7; respectively, and the reactions left overnight
at 37 C.\Following extraction with ph_enql and chloroform, the genomic DNA was ethanol
precipitated and resuspended it 100 ul 10 mMTris-HCl/1 mM EDTA, pH8. Samples were
then dégcsted with BamH1 overnight and electrophoresed on 0.8% agarose gelfs at30V for
20to 24 hr (usually one quarter or one half of each sample was used per lane). The DNA
was transferred to nnrocel]ulose (Southern, 1975) or hybond nylon membrancs
(Amcrsham) and hybrldxzcd |

C. RESULTS ’ /

1. Resmcnon map of B10 and C11 genes
‘ The C11 and B 10 genes ‘were initially characlenzcd by restriction ‘enzyme mapping.
Genomic DNA was dlgcsteq with various restriction enzymes, sxzcd_ by agarose gel
electrophoresis and fransferred to nylon membranes. ﬂc southern bla;s were then
hybridizéd successively with the C11 insent, the BamH]1, Pstl and Sau3A sub-fragments
of the é?l I insert, vtﬁc B10 insert and Pstl sub-fragments of ihc B10 insert (see cDNA
_ maps, figure 1). The aﬁtoradiographs of one of the Southerns probed with a C11 5’.
| fragmcnt and with the B10 insert are shown 1n figures 2A and B, rcspccnvcly By
compxlmg the data from each of the probes, together with data from the’ gcnomnc cloncs

v

descnbcd below, a restriction map was obtained for Lhc B10 and Qj«l genes (ﬁggrc 3.

¥
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FIGURE IV-1. Restriction enzyme maps of C11 ‘and B 10 cDNAs. The map of the restriction enzymc
sites used to isolate subfragments of the cDNA and to map the genomic clones is shown, based on the
nucleotide sequence (chapter I1I; Lobe et al:, 1986b). The translated region is shown as a box, with the

- position of the codons for the catalytic triad residues (His, Asp and Ser) shown underneath. The location
in C11 1o which the synthetic 20-mer is corhplementary (100 ntd upstream from the translation

initiation site) is also shown. Restriction enzyme sites maxked are Rsal (R), Sau3A (8), Pstl (P),

BamHI (B) and EcoRI (E).
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FIGURE 1V.2 Southern blots of genomic DNA and the B10 and C11 genomic clones. (A) and (B)
Genomic DNA was isolated from CBA/J mouse thymus cells, digested overnight with the indicatcd
_rgstriction enzyme, phenol/chloroform extracted and size fractionaied on # 0.6% agarose gel. The genomic
DNA was then transferred W nylon membrancs and hybridized with (A) B10 cDNA insert and (B) the
Rsal/Sau3A fragment from the C11 cDNA, corresponding 10 the §' untransisted fegion. (C) and (D) DNA
from the genomic clones, gB10 and gC11, was digested with: various restriction enzymes, fractionated on
0.8% agarosc gels, and transfemred to nylon membranes. The Southern blot of gB10 was hybridized with,
the B10 cDNA insert, and the blot of gC11 with the C11 ¢DNA insert. Restriction enzymes used were
EcoRI (E), BamHI (B), HindIIT (H) and Pst! (P).

c ) ' ' 1 “v '.A
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FIGURE 1V.3  Restriction maps of the B10 and C11 genes. The cDNA probes usJ to map the
genes are shown under cach. The direction of transcription is also indicated. Note that the genes are drawn
10 two different scales. Restriction sites are BamHI (B), EcoRI (E) and Pst (P).
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Alfhough the 2 genes are homologous@t the nucleotide level, their restriction enzyme
patterns are not remarkably similar, except thc_BamHI[ﬁcdffI‘}{EstI sites in the 5' upstream

region of the genes. - : v -

L)

The orientation of the C11 cDNA clone relative to the restriction map of the gene

was obtained vby hybridizing each of the two BamHI and Pstl cDNA fragments to the
\genomlc Southem an nompanng the bands hybridized by the 5' vs. the 3' fragments.
: Smce the sequénce of the cDNA, and consequently the strand which corresponds to the
mRI\A is kno»\n the dlrecnon of m::scnptlon of the gcnc could be dcduccd (ﬂgure iB).

To dctemime the dlrecuon of trar; ﬂ»?x‘puon of the "BIO gene, the Southern blot of (he cloned

'@10 gene (déscnbed below) was hybridized with each of the, pamally punﬁcd Ps&l
1'Ufrdgmems of the B10 cDNA 1nsert (figure 4A and B) The Pstl fragment which |
correﬁponds to'the 5' cnd of the B 10 transcﬂpt gave a 51gnal for the 4.0kb Pstl band, thc
’-0—7\kb EcoRI/PstI band and the 4.0 kb BamHI/Psﬂ band¢ The Pstl fragment Wthh
}@m eénd of the B10 transcnpt gave a stronger signal for the 8. I kb Pstl .,
‘band, The 29/kb coRI/Psd band, and the-1.6 kb BamHI/PstI 3{& Therefore the
_orientation of the cDNA clone relanve to the genormc map and the direction of mm%cnpnon

is as shown in figure 3A.
2. Isolation of B0 and C11 ‘geﬁomi‘c clones E |

Genomic libraries wé:re screened jn order to obtain C 11 and Bl():..-‘-gvenomic clonés.
Two million recombinants of a mouse genomlc lxbrary in the lambda ;:hamn 4A vector
(prepared by Drs. R.C. Blcackley and J. Bcll) were screcncd m duphcalc on l()
nitrocellulose filters, ﬁrst by hybndxzauon.thh radJoacuvcly labcllcd B:lO},mscrt. Only one .
duplicate positive signal was' dbtaineq. The corresponding reéémbinam phage is referred to -
as gB10. The filters were then washed and ;‘iro‘bed‘ with radibactivcl,y-lébelléd Cllinsert,

which hybridized to the same recombinant'as .BVIO'Adid and also to one :othcir:.clonc. This

! o



. éznoﬁa.:oizzaoﬁics
35&»&2&3%%32.5?55%23833& o80myeoUnI
01 pouyuRn pus ‘133 Js0mBe 948°() ¥ UO PAIBUONINY ‘PAMNPUI S8 SIWAZUD VORNIEU M PRESH
!888..8&2,_3_. :09»388.:.8253%38:83 3:55::

d8d/38/3 H 4 8 3 a\mm\mm\uI & m

Ho - . ; olg .m
D




123
second clone gave a weaker signeﬂ and restriction enzyme mapping revealed that it was
neither genomic B10 nor Ci1, but another related sequence, designated gN1. This clone 1s
‘ descn'bed in the Chapfer 3 nobendix. Another murine genomic library was obtained from
M.M. Davis (Stanfor)-and 2 x ]O6‘recombinnms from this library were screened in
duplicate by hybridizadonwim the C11 insert. Six positive signals appeared in duplicate,
but upon re—plan’ng and. screening these six at lower density, only one hybridized with C11
in dupllcate This clone is referred 10 as gClL. .

from the gB10 and gC11 clones, the DNA was digested with

restriction enzymes ‘and. outhern blots ‘were prepared as for the genomic DNA. The
Southern blot of the gB10 clone was hvbndlzed with B10 cDNA insert, and the blot of
gC11 was hybridized vmh C] 1 ¢DNA insert (figures 1C and D). Thre restriction pattern for
each of the clones correspo.nds to the pattern seen when the cDNA cioucs were used to .
probe genomic DNA, ; which veriﬁed that these wyrgmdeed\B 10 and Cll genomic clones.
The initial resmcnon erazy me map for Bl% wis obtarned by hybndlzmg Southern
blots of genomic DNA with insert from the BIO ¢DNA probe Because this insert only-
represents 380 bp at the 3 end of the B10 transcript, the map was incomplete at the 5' end
of the gene. Therefore the 9 kb BamH]1, 5.6 kb EcoRI, and 4.0 kb and 8.1 kb Pstl
fragments from the gBlO clOne were punﬁed and used to probe the gB10 Southern blot.
« This approg;\ch is sxmrlar to.;‘genomxc-walkmg, in that each restriction enzyme fragment.
hyon'dizes to' overlappin gjfrégrnems'of the other restriction enzyme digests. This provided
the g@dmonal 1nformanon to extend the restriction map of the B10 gene Finally, the same
gBlO Southem blot was probed with:C11 cDNA insert (figure 4C) The Cl11 probe
hybndlzed both to the 3’ fragments (5.6Kkp EcoRI and 8.1 kb Pst 1), and to the §'
fragments-(3.6 kb EcoRI.and 4.0 kb Pstl) of the dlgested gB10. Therefore, the high
degree of homology between the 3' regions of'ﬁlb and _Cl 1, which was demonstrated by
: sequence analysis (chaoier Ifl; Lobe et al. , 198ob,),' »probab}y also extends to the 5' end of

the genes. ch
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3. Exori/lntr(;n organization of the C11 gene <

More detailed mapping of the C11 géne was afforded by subcloning the 3.6 kb
EéoRI fragment of gCl11 inté pUCI13. This permitted cleaner preparations and larger
&uandties of the fragment to be r‘nade than was possible with thé entire genomic clone in the
lambda vector. The 3.6 kb insert A from the subclone was digested with Rsal,
Rsal+Pstl and Rsal+BamHI and the fragments sized on a polyacrylamide gel. Two RsaJ
fragr/hems,907 bp and 500 bp, were cleaved by Pstl and therefore corresponded t.o
fragments at each end of the insert where the Pstl sites occur (figure 5). Only one of these, .
the 907 bp band, was cut by BamHI, which implied that the>90‘7 bp fragment is at the 3'
end of the gene, and the 500 bp fragment is at the 5' end. The sizes of the sub-bands when
these Rsal fragments Wére digested with Pstl and BamHI are shown under the restriction
enzyme. map, and implied that they occur at the extreme ends of the 3:6 kb EcoRI .
fragment.! The same DNA digests were run on ‘a;i agarose gel ;md a Southern blot was. :
prepared.. When the blot was probed with a C11 cDNA sequence which includes all bu't the
5' untranslated sequence (probe "d" in figure 5), the 907 bp as well as the 165Q and 255 bp
Rsal fragments were hybridized. When probed with a C11 cDNA fragment, which
extends from the start codon to an Rsal site upstream of the start codon (probe "b" in figure
5), only the 255 bp Rsal fragment was hy&mdlzed Therefore, the 1650 bp fragment must
be immediate]-y up_si'rcam of the 907 bp fragment, and the 255 bp.fragment is the next
upstream of that. The blot was subsequently probed with a synthetic' oligonucleotide
(probe “a "a" in figure 5). This 20-mer is complementary to the sequence just upstream of the
Rsal site in the untranslated 5' region. On the Southern blot, a low MW band hybridized to

the 20-mer which aligned with the 195 bp Rsal fragment. However, on an agarose gel the

~ 1An alternative order for the 5' end fragments is a 195 bp EcoRI to Rsal fragment, 150 bp
Rsal to Pstl, 350 bp Pstl to Rsal, followed by 50, 55 and 90 bp Rsal fragments. In this
case, the 350 bp band in the EcoRI/Pstl digest would be replaced by a different 350 bp

band in the EcoRI/Pstl/Rsal digest.
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& FIGURE 1V.5 Organization of the C11 gene. The 3.6 kb EcoRI fragment of gC11was isolated,
digested with Rsal (R), Pstl (P) and BamHI (B}, and the fragments were sized on a 5% polyacrylamide gel.
The digests were also run on a 1% agarose gel, transferred to nitrocellulose and hybridized with a synthetic
20-mer (a) and cDNA fragments (b, c-and d) as described in the text. The order of the Rsal fragments,
based on the Southern blot hybridizations, is shown under the map of the EcoR1 fragment (numbers
indicate size in bp). The restriction enzyme sites which correspond to sites in the cDNA clone are printed
in italics. The preliminary map of the exon/intron organization of the C11 gene is shown at the bottbm
of the figure, with exons drawn as open boxes and introns as lines. The DNA sequence encoding the
signal peptide is denoted by a dotted bar and the 3’ uniranslated region of the gene by a slashed bar. The
codon for the residue at the sitc where the activaticn peptide i$ cleaved is indicated by a vertical arrow. H
(His-44), D (Asp-88) and S (Ser-183) indicate the positions of the codons for the catalytic triad residues.
Regions in which the exon/intron organization is not known are drawn in dotted lincs.
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small }ragments were not resolved well enough to be certain of which of the small bands is
indicated in brackets, since their order remains uncertain.

From a comparison of the location of the Rsal sites and the size of the fragments in
. the genomic clone to the sites in the cDNA clone, the regions in which introns occur in the.
gene could be deduced (figure 5). Since there is only one Rsal site in the coding region of
the gene, it must correspond to the angle Rsal site in the translatcd'seq—ugnce of the cDNA.
One other Rsal site occurs in the cDNA, in the 5' untranslated sequence, 100 bp upstream
of the start codon. The corresponding site in the genomic clone is at t};e 5' boundary of the —=
255 bp Rsal fragment. The Rsal site in the gene which is at the 3’ boundary of this 255 bp
fragment does not have a matching site in the cDNA clone so it must occur&ﬁ"ﬁintron.
Therefore, an intron begins within this 255 bp Rsal fragment. At least one intron must also
eiist in the ‘region of the codons for His** and Asp®8, two members of the catalytic triad -
(Lobe et al., 1986b), since that Rsal fragment is 1650 bp in the genomic clone, but only
600 base pairs in the cDNA clone. Another intron must oécur between the Rsal site and the
Pstl Site in the coding regién of the gene, again‘becausc the genomic fragment is larger than
the corresponding cDNA fragment. This regic\in encompasses the Ser!83 codon, the other
member of the catalytic triad. These Rsal fragments of the gC11 clone were subcloned into
the M13 vector for sequence analysis. Préliminary data indicates that one intron occurs at >
ntd 70 in the cDNA sequence, shown in figure II1.1, which splits the sequence thought to
encode the activation peptide. Another intron occuré at ntd 352, just downstream from the
Asp88 codon. This intron has been sequenced and is 132 bp long. Thus, at least one other
intron must occur in this Rsal fragment to account for the additional 1000 bp of lnon-coding
_sequence, probably between the His?4 and Asp88 codons. The intron which was
implicated to occur in the 400 bp Rsal/Pstl sequence, in the vicinity of the Ser!83 codon
was found by sequence analvsis to occur at nid 613.

The pattern of exon/intron arrangement for the C11 gene was compared to that of

other serine protease ‘genes (figure 6). The serine protease genes and the homologous
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haptdglobin gene can be grouped into 5 different types, based on the intron position in the
.catalytic region of the genes. This grouping is thought to reflect the evolution of the genes
by exon shuffling and intron insertion (Rogers, 1985), aﬁd is also consistent with the
amino acid sequence homologies between the serine protea‘se's; (Irwiy;:‘éndé!vlacGillivray, 4
1987). The C11 gene organization determined so far shows that it possesses the features
of the trypsin gene family, which includgs the pancreatie serine proteases, kallikrein, the

alpha and gamma subunits of the nerve growth factor, tissue-type plasminogen activator,

and urokinase.

<

- L
4. B10 and C11 mRNAs are regulated ar the level of transcription

The régulat‘iton ¢f BI0 and €11 mRNA levels could occur at the leve] ¢f
transcription of the genes or by alteration of the half-life of the mRNAs. Nuclear run-off
transcription experiments have shown that at least part of the increase in B10 and Cl
mRNA in activated CTL is due to an increase in transcriptiort (Jennv Shaw, unpubliéhed).
Nuclei were isolated from spléen cells at days 0, 1, 2 and 3 after ConA stimulation. /n
vitro transcription was allowed to proceed in the presence of 32I"-UTP under conditions in
which no new initiation of transcription would occur (Kronke er al., 1984). Therefore,
only RNA synthesis which was in progréss at the time the nuclei were isolated was
labellea. The labelled RNA was then hybridized to C.l l; B10 and actin cDNA,
immobilized 0;1 nitrocellulose filters. By autoradiography of the ﬁltcﬁs, the level of
transcription of the B10 and C11 genes at a given point in time, rcpresentc(‘iv by the amount
of RNA bound to the respective cDNA f:lone, éould be visualized. This revealed fhat the
level of ongoing C11 transcription increased and peaked at 2 days post-ConX stimulation,
and of B10 at 2 to 3 days post-ConA stimulation. Therefore, all or part of the increase in -
the levels of C11 and B10 mRNA upon activation of CTL can be attributed to an increase in

transcription of the genes.
o
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5. DNase I Sensitivity of the B10 and C11 genes
Genes which are being actively transcribed have been associated with an altered
chromatin configuration, which renders the DNA more suscepnblc to pancreaue DNase I
digestion (Weisbrod, 1982). Furthcrmore rchons of thc gene Wthh are involved in

transcriptional regulation have been found to comcxde with DNase I "hypemensmvc sites,

which probably reflects the accessibility to regulatory proteins (Elgin, 1982). Since"

regulation of B10 and C11 expression was found to occur via an increase in transcriptional |
actvity, the DNase I sensitivity of the genes was examined.

Nucléi werp'isolated from different cell types and treated with v/incre‘asing
concentrations of| DN?se I for I5'. The DNA was then purified by protcinasé K digcstior[
and phenol/chloroform extractions, followed by diges;iO{) with BamH]1. This restriction
enzyme was used because it divides the C11 gene into a 5.7 kb 5'-fragment, extending 2.8
kb upstream of the gene, and a 2.7 kb 3'-fragment, thus allqwing a comparisdn of the 5'
and 3'regions of the'gyene. In the case of B10, the entire gene probably resides on the 9 kb
Bam HI fragmcnt, as judged by cross-hybridization with the full-lengt‘h C11 cDNA.
Therefore the B10 cDNA, which only includes the 3' part of the gcné, could be used as a
probe for the BamHI-dig ~<1e-d B10 gené. | . B

Fo]lo’wing résm’ctiu\ enzyme digestion, the DNA was fractionated by agarose gel
electrophoresis and transferred to nitrocellulose. The Southern blots were then prbbcd with
radioactively-labelled full length C11 cDNA insert, or its BamHI fragments to detect the §'
or 3' half of the gene, and BIO.CDNA insert. Some of the blots were also probed with a
globin DNA sequence, which represents a gene not being transcribed i’ t-'hc cells tested.

’ The autoradiographs of the Southern blots arcns‘hown, together with the data from
- densitometric scanning of the autoradiographs. Altilough the densitometric scanning of the
results provides a mcans‘l to quantitatc the data, it s‘}iould be noted that the autoradicgraphs

with faint signals tcnd to give imprecise rcadmgs In analyzmg the results, a consideration

of both forms of the data presentation should bc nakcn - -

‘.
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(a)yMTL 2.8.2and 22.1 cells , |

The cell line MTL2.8.2 expi'csses high levels of both ‘Cil and B10 MA (Lobe a

‘al., 1986a). When nuclei isolated from these cells were DNase-treated, some very

interesting differences were seen in the susceptibility of the 5' Cl1, 3'.C11, B10 and
globin DNA to DNase I (figure 7). The Southern blat was first probed with the full length |
Cil chA insert, which hybridized to both thc;é' and 3§amHI fragments. The 5'C11°
band begins to decrease in-intensity at 0.5 ug/ml DNase I anmsappeaycd at 8 ug/ml.
The 3' C11 band, however has not begun to decreasc in intensity at 0.5 ug[ml and is still
visible at 8 ug/ml DNase I The blot was washed and re-probed with BDD cDNA.-The
B10 BamHI band showcd a smular rate of degradation to the 5' Cl 1Wband It begins to
decrease in intensity at 1.0 ug/ml DNase I and has almost disappeared by 8 ug/ml. The blot
was next hybridized with a globin gene sequencé. The bands corresponding to the globin
gene showed very little digestion by DNase I, even at 8 ug/ml. These results are illusuated
in the graph at the bottom of figure 7. The BamHI 5’ C11 and B10 fragments, which
demonstrate the greatest sensitivity to DNase I, both presumably contain the i;romoter
regions. The BamHI 3' C11 fragment corresponds to DNA which' is transcribed but
probably does not contain promoter elements. This band is less sénsitivc toDNase I than
the 5' C11 fragment. Lastly, the signal corresponding to the globin gene, which is not
being transcribed, shows the least susceptibility to DNase I ..

In addition to the differences in the overall scnsitivity of the fragments to digestion,
the 5' C11 and B1Q probes hybﬁdized to sub-bands, which indicates the presence of
DNase I hypersensitive sites in the gene_This is clearly demonstrated for the 5' rcéion of

{gtvhc %11 gene in figure 8A. When the main band begins to disappear at 0.5 ug/ml DNase,
t\;/oband§ begin to appear, at 2.9 and 2.5 kb. The 2.9 kb band only persists up to 1.0 to
1.5 ug/ml DNase I. The smaller band continues to increase in intensity as the main band

disappears. These sub-bands represent specific hypersensitive DNase I cleavage sites. As
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. from a CTL line, MTL2.8.2, and incubatod. with increasing amounts of DNase | (indicated at the 10p of cach
lane). mrmmwnmmummuhuwmmmm
DNasc | added. ‘The DNA was isolsted, digested with BamHI, fractionssod on a 0.8% agarose gel and
transferred to nitrocellulosc. The Southern blot was hybridized with aick-translated C11 cDNA insent,
washed and reprobed with the B10 cDNA insert, and finally, washed agaia and reprobed with s globin gene
probe. The bands corresponding 10 the C11 gene BamHI fragments, the B 10 gene BamH] fragment and the
B10 sub-bands arc indicsted. The lanms of the wese scamned on & densitometer 10 Guantitaic
the intensity of the bends. The values for each of the bands, as & percentage of the 0 ug/ml DNasc | valuc,
were plotted against the concentration of DNase [, shown in the graph at the botom.
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these sites are preferentially attacked by DNase I, the main 5‘..7:rkb BamHI band detected b;
the C11 cDNA 1s shortened to the 2.9 and 2.5 kb bands. The hypcrs‘cnsiti:/e sites are
therefore located 2.9 and 2.5 kb upstreaﬁ of the BamHI sité in the gene. This corresponds
td the 5' upstream ;egion of the Cl11 gené (figure 9A).
" The B10 su’{b_—bandsvare seen in figure 7, middle pane! (MTL2.8.2 cells) and in
figure 8B (MTL2.2.1 cells, discussed beléw). Again, as the main B10 band disappears,
| two sub-bands app,ear; The first sub-band appears at 0 ug/ml DNase I (digésﬁon is due to
endogenous DNaéc) and is 6.4 kb in size. At O.2[u'gjml’DNasc I'a second sub-band
appears which is.4.5 kb in size. These sub-bands correspond to fragments which extend |
upstream from the 3' BamHI site (ﬁgure 9B;ﬂ for both C11 and BlO, thc' sub-bands must
extend from ;he BamHI sites at the 3' end of ihe gene, o£ they would not overlapaand be
.. detected by the cDNA "probes).. Since the Jocation of the 5' end of the B10 gene is not yet
known, the relation of the hyperﬁsensitive sites to the upromoter‘ region is uncertain.
. However, ihey, are located in positions very likely.to be upstream regulatory sequences.. .
Another CTL. line »\;hich expresses B10 and C11, MTL2.2.1, was assayed. The
‘same DNas.eJ;\seﬁsiti}vity of ./Ihe Cl and B10 genes was pbserved, and the sub-bands due
to the hypersensitive sites also appeared. _An "autoradiograph of a Southem blot of DNase I -
treated MTL2.2..1 DNA probed with,VBIO" 1S show;} in 'ﬁgu"re 8B. The main- BamHI[ .
fragmeht and sub-bands are indicated. | ’
It appeafs, then, that the C11 and B10 genes, in cells which express them, have an
overall DNase I-sensitivity relative to the non-expressed globin gene. In addition, DNa_sc’I
Hypersensitive sites occur in the 5'-upstrca‘in region of the genes which probably represent

regulatory sequences.

(b) Thymusecells
The cthmaiin conformation in the region” of the C11 and B10 genes was also

examined, using DNase I, in thymus cells. The thymus_ is the site of maturation of T cells.
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and contains a mtxture of immature T-cells as \yell asepithelial cells Thymds celeswere
obtained from 11 week old CBA/J mice and used for a nuclei preparauon, as deschbed for -
the MTL2.8.2 cells Thymocyte nuclei were found to be qu1te fraéie relative to the other
cells. For some expenments (not shown) this problem was overcorne by replacmg NP4() :
with saponin in the ly51s buffer as itisa mtlder detergent .
The Sputltem blot was probed with the C11 cDNA insert, whrch hybndlzed to both
the 5'and 3' BamHI bands of Cl11, and also cross- hybndrzed w1th the B10 gcne fragment
(figure 10). All three bands only begm to decr’ease in 1ntensrty at4 ug/m] DNase L and are
still visible at 8 ug'u.! DNase I. The blo: was washed and probed with globm Wthh
showed the same rat. of degradatxon as the 'other genes The DNase I concentratlons at’ N
which drsappearw"ce ~f all the bands occuf in thymus is srmrlan 1o the 3 C11 and globm .
genes in the MTL lin. 'S, SO the Ci1l and B10 genes do net appear :o be DNase I sensmve n |
thymus cells. ' -. i
Although cn a Northern blot the .R-NA from thesge. cells was found not t'o :contain"'the '-
Cl1orBl10 transcnpts (data not ShOV\ n), the pOpulaton of thymocytes con51sts pnmanly of
cells committed to'the T cell lmeage Wthh mxght be expected ;% have the potentlal to
’,express the BlO and C11 genes Th}s potenual is usually reahze\d as anr-unfoldmg of
chromatin structure, makmg the genes a\‘raxlable for transcnpuon factors as revealed by an -
increased DNase | sensrtmty The BlO and C11 genes. from thymus cellg however, do
not exhibit this DNase 1 sertsmvxty Posslbly, the gene does not become avallable for
transcriptfon until the cells have further dlfferenuated and become comrrutted to the killer T
cell Ty ) subset. The thymocytes are a mlxture of T cell subsets and are not fully

drfferentlated cells. Therefore those which are of the pCT L subset and are at the stage of
differentiation where they are captable of expressmg fhe Cll and RI10 genes may not
represent a large enough fractlon of the p0pu1anon to cause a nottceable increase in DNase I

susceptibility of the C11 andBlO genes.
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“FIGURE IV,10 DNase | sensitivity of the B10 and C11 genes in thymus cells. Nuclei were isolated
from thymus cells, DNase I treated and BamHI digested, as described in figure IV.7. The Southern blot was
. probed with nick-transtated C11 cDNA insert, which hybridized with both the C11 and B10 gene fragments,
* as labelled: The blot was subsequently washed and re-hybridized with a globin genc probe. The vnhm of
the hand intensities were obtained by scanning densllometrymd graphed as for figure lV 7.
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(¢) CTL-LI6 cells .

Another type of cell assaycd was Lhe T cell hne CTL-L16. These cells were once
c‘y‘totoxw, but since being c]_oned have lost their cytotoxic activity. They still contain the

| Chara'c;en'stic granules of cytqtoxic cells, however ;vhcn RNA from these cells was tested
. for the presence of Cl1and BI’O transcripts, the level was found to be';S_O-fold lower than
in MTL2. 8 2 cells. The Cl1 protem product, CCPI, was also not detected in CTL-L16
cells on a Westem blot (Redmond et al., submitted). Thus, these cells seem to have
changed, yvhile being cultufed, from functional' CTL which probably eipressed B10 and
C11, to non-functional cells,which no longer prodLice some rﬁ_olecule(s) critical to their lytic
A activify.‘ We were. ipterested to see if these cells, which no longer express the C11 and B10
genes, pc;ssess the DNase I sensitivity and hypérsensitive sites seen in th‘e‘_othcr CTL lines
which do express C11and B10. Although the CTL-L16 cells are also not cytotoxic in the
presence of the‘.hu"ito'gen, ConA, T cq}ts geﬁerally do become activated by ConA. Therefore
half of the cells wé’i‘e treatéd with ConA forklz hrs prior to nuclei isloation, to determine ivf
the mitogép would induce any conformational changes in Lﬁe chromatin.

-— Nuclei were DNase I-treated, the DNA cleaved with BamHI and a Southern blot of
the DNA was prepared, as for the previous cel] types. 'i‘he blot was first p.robe_d with the
'C'll cDNA (upper planel,' figure 11). The 5’ BamHI fragment of the C11 gene has
disappeared by incubation wi%l ug/ml DNase, whereas the 3' fragment is still visible dl 2
ug/ml. The result is the san@ fﬂr the ConA treated cblls The graph of the densitometric

- scan of the ConA treated cells, shown a%e bottom of the figure, 1llus’tratcs ’thc slightly .

faster degradation of the 5' fragmem than the 3' fragment. Overall, the Cll gene a;&:ars

to be more suscepnblc in the CTL-L16 fe.lls than in the MTL2.8.2 cells. Even the 3'end of

 the gege is ajready at.a low level at 1 ug/ml DNase I for CT L-L16, but not until 6 to 8
ug/ml for MTL2.8.2 _c‘e'lls. This 1s not simply due to a greater permeability of CTL-L16

celis fo'DNase I , nor to a higher content of endogenous nucleases, since the B10 gene is

no more sensitive than in MTL2.8.2 cells. However, the C11 sub-bands do not appear as
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FIGURE IV.IT DNase I sensitivity and hypersensitive sites in a non-cytolytic CTL line, CTL.L16.
Nucler were isolated from CTL.L16 cells, with or without a prioc 16 hr Con/ incubation. After DNase 1
treatment and Bam HI digestion, as described in figure 1V.7, the DNA. was size-{ractionated on a 0.8%
agarose gel, and transferred (o nitrocellulose. - The Southern blot was hybridized with nick-translated C11
¢DNA wsert and with B10 cDNA insert. The BamHI bands coeresponding to the 5' and 3' C11 and the B10
fragment are labelled, as well as the B10 sub-bands. The band intensitics, as determined by scanning
densitometry, were again plotted against the DNasc 1 concentration, shown in the graph at the bottom.
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the DNase I concentration is increased. Perhaps because of thclgreater ovérall sensitivity of
the gene, the random DNase I nicks occur too quickly to allow tvisua_,lizatié_ﬁ'of the sub-,
bands which ‘are due to the hypersensitive sites. A gre'a’tcr number of DNase 1.
concentrations between 0 and 1 ug/ml DNase I ne;zds to be 'tcstcd.to s;e if there is a
window in which the sub-bands do appear.

}Vhen the blot was washed and re-probed with the B10 cDNA, a more comp‘le“x
pattern of hybridization appeare& ('ﬁgure 11, middle panel). Althouéh 1t was not as
. sensiti\;cf_a—s'thf; C11 5' gene fragment, as seen on th.c graph, the B10 BamHI gene fragment
was equally suscepuble to DNase I in CTL-L16 cells as in MTL2.8.2 cells. Three
different sub-bands appear on the autoradiograph, both for ConA-treated and untreated
cells. The largest two are the same as the sgﬁ‘»bands seen in MTL2.8.2 and MTL2.2:1
cells, which represent the two hypcrsensitivc/sites indiCéted in figure 9B. As for the MTL
lines, the 6.4 kb band‘b;,gins to appear when the nuclei are incubated with no exogenous
DNase I (0 ug/ml DNase I), so the site is susceptible enough for endogenous nucleases to
selectively attack it. In the two lanegrepresenting O ug/ml DNase I, the faint 6.4 kb band is
difficult to distinguish as the B10 pré)be is cross-hybridizing to the 5' C11 BamHI fragment
at 5.7 kb. Howevér, as seen with the C11 'probe, the 5' C11 band ha's faded at 0.2 ug/ml
DNase 1, whereas the Bi.() sub-band, which is slightly above thé%sition for the 5' Cl11
band, persists. Digestion at the hypersensiti{j'e site further downstream begins at 0.2 ug/ml
'DNase, 'and.the 4.5 kb sub-band intensity peaks at 0.5 to 1.0 ug/ml. This leads to a
_decrease in the arﬁount 6f the 5.7 kb fragment du‘e to conversion to the 4.5 kb fragment. At
1.0 ug/ml DNase,’a third band appears which may be another B10 sut»band. It appcérs in
the DNA from cells with or without ConA addition, although it is more apparem in the
‘untreated cells.. This sub- band is ~2.3 kb, which would placc thc corresponding
hypcrsensmvc site just upstream of the séquence complementary to thc B10 ODNA and
conscquent]y within the B10 gene. In the process of cloning, subclomng and sgqu ncmg

the B10 and C11 sequences, this regxon was fQund to be prone to unusual rccombmduonal

‘t'
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events, probgbly due to )Lmusual ls'econdary structure. The region causing these difficulties
lies in the middle of }}ie transcript just upstream of the Ser!83 codon. Whether 1135 same
sequence 1s fenderlng the gene DNase I hypersensitive and whetller this serves .a
physiological function, such as allowing a regulatory factor to bind, remains to be seen.
~ One suepicion regarding this sub-band that should also be noted is that the 2.3 kb signal
may bé a contammauon with'the 2.3 kb plasrmd pUC13 especially con51denng the strong
signal seen in $he first lane (-ConA, 0 ugml DNase) N

Whether the 2.3 kb sub-band is real or not, the higher MW bands demonstrate that
the B10 gene is DNase-sensitive in CTL-L16 cells, and that the same B10 hypersensitive
sites are present as in the MTL lines. The C11 gerle is also hypersens%ve to DNase I. The
CTL-L16 cells, then, seem to have the potential to transeribe the genes, but have lost a
signalling molecule reqmred to induce expression. The lack of appearance ef the C11 sub-

band may be due to the.very high overall-DNase 1 sensitivify of the region, or it may be

related to the lack of binding of a transcripton factor absent in CTL-L16 cells.

(d) EL4 cell.s

* The DNa‘sae_l-sensi‘tivity of the B10 and Cl1 genes was next examined ;n:a non-
cytolytic T cell line, EL4 (Farrar et al., 1980). This thymoma line produces lymph klllCS
when sumulated with phorbol mynstate acel#MA) and so resembles a helper ce

be et %‘1986@

-‘, _ ',’; es»oﬁ eells

N

.B10 and Cll genes are not transcnbed in theﬁﬁ&lls (ch%ter
treated, as fdr !

Nucle1 were 1solated from EL4 cell;@ and DNase i
The DNA was BamHI-digested and used for & gouthern blot y Tlle blot was: "
successively hybridized with the 5' C11 BamHI fragmem the 3' C11 Bam Hl fragmem
and, ﬁnally, with B10 (figure 12). Surpnsmgly, in this cell line the 5' C11 and B10
BamHI bands are more susceptible to DNase I than the 3' Cllgjhiéhd.v Whereas the 5' C11
and B10 signals fall at 0.5 ug/ml, the 3' C11 does not decrease until 2.0 to 4.0 ug/ml

DNase 1. This is different from the situation in thymus in. which ali of the bands were
. ». : ‘ . &
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FIGURE IV.12 DNase 1 sepsitivity of the C11 and B10 genes in a T celt thymoma, EL4. Nuclei weie
prepared and DNase I-treated as described in figure IV.7. Afier Bam HI digestion, Southem blots of th

- DNA samples were prepared, and hybridized sequentially with the 5' and 3' BamHI fragments of C11 ¢DNA
and the B10 cDNA insert, radiolabelled by nick-transtation. The BamHI fragments of the C11 and the 1316
genes are labelled. The band intensitics were determined by densitometric scanning and plotted as a functi n
of DNase | concentration, as in figure IV.6 (bottom panel).
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~ degraded at the same rate, bcginningat 4.0 ug/ml DNase 1. Although this suggests the
gengdmay have the promo;er-rélated hypersehsitiye sites seen in t_he\MTL and CTL-L16:
lines, the corresponding sf;b-bands do not a'ppeér. In fact, the DNase I seems to bgniciking
the 2 region of C11 and B10 randomly, gihce the bands become diffuse at 0.5 to 1".5 ug/ml
DNase I before disappearing a,t 2.0 ug/ml. Thus, it seems that in this cell line, which is a
:diffcrentiated T cell but of the helper (Tp) rather than the killer (Ty) cell subset, the §'

+regl >ns of the C11 and B10 genés have an overail DNase I sensitivity, but do not have the

hypersensitive sites seen in the Ty cells. It \may be that in all differentiatcc'i’T éélls, the 5'
* . : .

-region of the B10 and C11 genes are accessible, and the diffefence in expression occurs via
the presence or absence of a CTL-specific protein which activates transcription.
3 . .

(e) S194 cells \\i\

A myeloma cell line, $194,\was analyzed in the same way in order to compare the

DNase I susceptibility of':f;c B10 and C11 genes in T cells to the situation in a B cell line
(figure 13). In this cell line, the 5' C11,-3' C11 and B10 gene fragments remain at a
constart level until the DNase I isat4to }6 ug/ml. At this conccntration, all three bands
become diffuse, and have disappeared at 8 ug/{& This is similar to the rate of degradation
in the heterogeneous thymus cell populauon where the genes were no more DNase-
és:)ensmvc: than the globin gene. The graph of the data is somewhat misleading, since the 0
ug/ml DNase 1 samples had more DNA and the drop in iatensity: from 0 to 0.2 ug/ml
DNase I is exagcratcd‘. The persistance of all three bands.up to 4 to 6 ug/ml of DNase I and |

Q
the equal sensitivity of the §' and 3' C11 Bam H1 regions imply that the genes are not
DNase 1 sensitive in a B cell line. '

" D. DISCUSSION : , 2

A restriction map for the C11 and B10 genes was constructéd by hybridizing

Southerns of genomic DNA with cDNA prohes. In spite of the extensive sequence
0 - ‘ '
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FIGURE 1V.13 DNase I sensitivity of the C11 and B1Q gencs in a B cell mxyclomn. S194. Nuclei were
isolated and DNasc I treated, as for the other cell types. Afier BamHI digestion, 8 Southern blot was
prcpamd.'whlc‘h was hybridized first with the 5 BamHI fragment of C11 cDNA, then the 3' fragment, and
finally with B10 cDNA insert. ‘The corresponding’ genomic BamHI bands hybridized by the probes arc
indicated. In the hybridization with the 5’ C11 cDNA probe, there was some cross-hybridization o the 9 kb
B}O BamHI band on the Southern, and similarly, with the B10 cDNA probe, there is some cross-reactivity
with the 5'C11 BamHI gene fragment a1 $.7 kb, « = - v ‘
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homology between the B10 and Cil éDNAs, restriction maps of the genes do not show a
~.iriking overall smxlaruy One mtcrcsung pattern Wthh is shared by the genes is the
BamHI/EcoRI/PstI site positions in thc upstream region. The promoter elements and
perhaps regulatory sequences must be located in this region since hypersensitive sites f.o’r
both genes occur near the Pstl site. A i
Two genomic clones repfeseming B10 and C11 Were isolated by screening with the
cDNA inserts. Their identity as genomic C1_1 and Bll()\,..cloncs ;vas copﬁrmLed by a
‘ compan’soﬁ of their restriction enzyme p:itterh’s to thAc map of.the genes obtained from
gcnorﬁic DNA. Isolation of the B10 genomic clone has afforded ‘a more cxtenéivé
restriction ;113p of the B10 gen’g, for which oﬁly a 380 Bp cDNA probé’was available to
probe genomic DNA. A moré detziie. map of the Cl1 gene Wa)s constrxcted usiqg a
subclone of the genomic C11 clone. By comparing this restriction enzyme map of the gene
to the cDNA, é prelimina;'y map of the exon/intron organizatjon was obtained.
The _organi‘:'_a;ion of many of the serine protease geﬁes 1s known, ranging from the
ancestral, introh-less bacterial serine protease genés, to the more complex vertebrate genes.
"The vertebrate serine_protezge genes have been grouped according to their intron
- organization, since the genes seem to have evolved by exon shuffling and intron insertion _
(‘Rogers, 1985; see figure 6). The first group consists of the haptoglobin gene, which has
no introns interrupting the catalytic triad residues. The second group Is the trypsin famiily.l
In these genes, an irllvtron occurs just downstream of the His codon, anofher occurs just
Vdownstrcamr of the Asp codon and another occurs just upstream of the Ser codon.,
Therefore, there is one exon to each of the catalytic m'é% residues and a fourth between the
Asp and Ser exons. This is the arrangement of the trypsin, kallikrein and thé alpha and
gamma nerve growth factor gcnés. Three variations on this' basic pattern exist,”which
probably arose b;/ intron insertion.” One 15 exemplified by the tissue-type plasminog'en:‘d
activator gene, which has an extra intron just downstream from the Asp codon. Another

variation is seen in the chymotrypsin gene, which has two extra introns, one upstream of



145

the Asp codon and onebetwet‘:n the His and activation peptide-encoding sequen\ces. ~
Finally, the elastase gene has the two additional ‘i‘:ltrons of the chymotrypsin gene, plus
another intron splitting the exon dow/nstream of the Ser codon. The third family of serine |
protease genes consists of the complernent fa. r B'gene, which contains 7 introns
fhroughout the ,Qeatalytic region. ’I‘he fourth group .- inade up of the factor IX and protein C.
genes, which have two introns, one separaung the sequence encodmg the z;e:xvauon peptide
and the His. codon and one between the His arid Asp codons 1eav1ng the Asp and Ser
codons on the same exon. La\stly the thrombin gene compnses the fifth group, in which
the catalytic region is splivby five exons.

- From the deductions made on the plercemem G/fthe introns in the C11 gene, ilt
appears to belong'vto the trypsin family. The location of each of the catalytic triad residues
‘'on 2 different exon and the additional exon between the Asp8S nd Ser!83containing exons -
fulfill the criteria to belong to this group of genes I does'not con'tain an ‘intron
* downstream of the Ser!$3 codon and. the Asp88 :nd Ser!83 codons oceur on vseperate
exons, so it cannot belong to any of the other groups of serine protease genes. However, .
because not all of the exon/intron boundaries have been determined, the C11 gene could
belong to any of the subgroups in the trybsin family.except the elastase type. To assign the
gene to one of these subgroups, it must be established whether,lhere;is an intron between
the activation peptide and His*-encoding sequences, whether there are o.ne of two introns
" between the His®® and Asp88 codons,.and two or three introns between th'e\‘Asp88 and’
S’er183 codons. The proximity of the Asp88 codon to the intron boundary downstream of it
suggests that theCll 1 gene fa'lls into the plﬁsminogen activator gene Subgroup. Certainly,
the overall an'angement of the C11 gene adheres to a geneml pattern seen in serine omteasc
gen_es, and in particular the trypsin gene family. It will be interesting to determine the B10
ged/e organization and whether B10 and C11 are more alike ‘tnan to other members in the

trypsin gene family. The availability‘ of the genomic clones will allow characterization and

comparison of the B10 and C11 genes.
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The control of expression of B10 and Cll was shown to occur. at least in part, at
the levei of transcnption of the genes. Therefore, the chromatm conformaw 1 in the genes :
was examined using DNase 1. The chromatm around transcnptionally active genes 1s

electively decondensed Wthh can be assayed by its 1ncreased sensitivity to pancreatic
DNase I. Itis the state of the chromatin, rather than the process of RNA t:ranscription
itself, which renders the gene DNase I sensitive, as demonstrated by the fact that even
genes which are transcribed only a few times per cel(l generauon are as sensitive as genes
" which are being actively transcnbed ’.e blochenucal basis for the difference in.chromatin
structure seems to involve a number of th1ngs (We1sbrod, 1982). Histo'ne H1, whlch
binds to nucleosomes to pack them, is bound less ti ghtly by active chromatin. The histones
~are also highly acetylated,‘ which decreases, therr tendency to pack together in vitro. AcliVe |
- genes also bind other non-histone protetns such as HMG14, HMG17 and coya_tlently to
* ubiquitih These modifications all seem to contribute to'the loosening of the chrorha‘tin
structure makmg itmore like "peads-on-a- smng "and rendering it DNase I sensitive. The
cldssic examples are globm genies, which are preferentially DNase I- dlgested in
erythrocytes but not in ovrduct and conversely the ovalbumin genes which are selectively
digested in chick ov1duct but not in erythrocytes (Weuitraub and Groudlne 1976; Garel |
and Axel, 1976)

In addition to an overall DNase I ;ensitivity, hyperse_nsitive sites héve been found
in active genes, and these sites correlateﬁfvirith promoter and r’egul'atory regions.'
Hyperse_nsiti\Le sites seem to consist of localized single:_strii_nded regions of DNA'in a
vnucleosome-fr’ee environment. The single-stranded nature of the DNA could be caused by -
strain introduced by the altered nucleosome conformation or a sequence-specific binding
protein (Weisbrod l982). DNA footprinting analysis has shown that the sequence bound :

by a regulatory protein can be 10- to 100-fold more sensitive to DNase T'when the protein

is bound (Schmrtz and Galas, 1979).
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The DNase 1 sensmvny of the B10 and C11 genes was examined in several cell
types which differ in thexr state of expressron of the genes In a thymic cell populanon
which consists of a mixture of undlfferennatedacells commmed to the T cell lineage, the
_ genes were not sensitive to DNase 1. This implies rhat the genes are not in-a-chromatin -

conformation which would allow their transcription. In the cytotoxic T cell lines,

MTL2.8.2 and MTLZ.Z. 1, which are actively transcribing the genes, both the B10 and C1 la
genes .are D‘Nase I s'ensitive,‘ relative to the \i_nact'ive glol)in gene. In addi(ion‘.
hypersensitive sites occur n the ~upstrearn region of the genes7 which suggest an
accesslbility or binding of, transcri.ption factors. CTL-L16 cells are another CT Lvline,
but which have lost their cytotoxic activity and do not express C11 or BlO; .Howeve;r,
even in this CTL line, the,‘B 10 and C11 genes are Dl\lase lsensitive and the hypersensiti\;e‘ .
sites are pre&ent (althouglh'the hypersenSirive siles are not present for cenain in the C11

gene). Therefore, the genes have the pot_e'ntial to be transcribed, but some inducer molecule

is presumably absent. ‘A comparison.of DNA' foc tprint analyses (Emerso'n "ez al‘ 1985)

LT

using nuclear extracts from the MTL and CTL-L1- lincs may provxde some 1nterq,stmg
' T,

inforrnation regarding how B10 and C1 l”gene transc: ipticn is mduced EL4 cells

s;v"'/'
ther hand, which represent helper T cells thlblt the overall DNase [ sensmvrty of the -

- genes. relatrve to a non-expressed gene but do not possess the hypersensmve SltCS?‘ ‘l’He1
fact that the) are sensitive, srmrlar to CTL but that the thymocytes are not, suggests thz’;: T .
. cell differentiation includes an opemng up of the chromatin sn'ucture around the BlO and
Cl11 genes. In situ chromosomal localization of the C11 gene has placed it on mouse
chromosome 14 in the vrcmrty of the T cell antrgen receptor genes (Brun%t etal., 1986).
The decondensation of the chromann ‘around the B10 and CI1 genes in drfferennated T
cells may be relatedgép the increased accessrbxllty of the T cell antigen. receptor genes
(Yancopoulos et al., 1986). However, alth0ugh the hypersensmve sites are not present in
the EL4 cells, the 5' reg1on of the C11 gene is more DNase I sensmve than the 3' regron of

the gene. The difference between the two halves of the gene may be due to a nucleosome-



‘ ) ‘ : Jl . '
g free area in- the 5 regton of the gene whtch unw)n?fs the DNA, makmg it more susceptlble

"o DNa'se I attack but not at Efi highly locahzed«sxte The locahzatlon of the hypersensmvny -

0. a short region of the gene, which rgsulfs in formation of a sub-band, may requlre the

" 'bmdmg of a transcnptlon factor, pr'éSe'nt in Ty, and not 1n Ty cells. Flnally, in a B cell

,‘0;

i:v'-lhne 8194 the genes are not Dh?ase 1 sensmve This again supports "the model that the
";' ‘aitered chromaun conformatlon e)tlsts only in dtfferentlated Tcells. -

o _The yrelau’on betwee_n._the extstence”of hypersensmve sxtes, the prt:sence of protein_s
bound (6 the site, ah‘d sitate of} transcription of the gene varies between different systems. .
In the case of the- beta globm genes the hypersensmve sites are tlssue and temporal
f'spec1ﬁc A hypersensmve site occurs at the 5' end of the embryonic gene on]y in
'embryomc eefl§ jand §' hypersensmve sites in the adult gene appear in adult cells
‘ (Wetntraub'u:nc)i Groudlne 1976). In glucocorttcotd;genes, the,hypersensmve site
a‘ss'oc1ated with the glucocorticoid response element only appears in.the presence of th‘e
hormone, “and therefore coincides with binding of the regg}atow protein to the site (Zaret
and Yamamoto, 1984) In heat shock genes on the other hand, the hypersen51t1ve sites are
present even before heat induction (Wu, 1980) However in thts case, protelns are bound .

at the TATA box, but not in the heat shock regulatory element. An addmona] protein, heat

’ shock activator protéin (HAP), btpﬂs the regulatory element upon heat i 1ng

ucuon and allows -

tranjnptton to roceed The gamma-interferon gene has also beeri ’v"for DNase I

hyp rsensmve tes in various cell lines (Hardy et al., 1985). Thrs g C'ZIS sgec1ﬁcally
. L]
expressed in helper T cells upon sttmulatlon of the cells with antigen or a mitogen. The

hypersensitive site associated with this gene is present‘in all cells which have the potenltialb
to express the geney‘, even before the cells are activated, sirrtilar to the heat shock genes.
However, ina v-ariant of the parent eei_l line which has lost its ability to.produce gamma-
'interferon, the hypeLse_nsitive site is no longer present. |

v The occurence of the hypérsensttive sites in.the B10 anti Cll genes is similar to the

pattern for the heat shock and gamma-interferon genes. The sites are present in CTL,
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whe-therv'orrnot they are actively transcribing t.he gven_lcs. The site méy ‘.bc' due tol a-
" nucleosome-free region of the DNA which causes enough confomaﬁonﬂ vs&ain ,fo un\\md
it. However, this seems to be .lhé 'casetfor the EL4'éefls, ré"ﬁdéring the 5' ngiQn of"tl‘ie :
gene more susceptii)le to DNHSﬁ dcgradation .t'han’th'e 3 regién but without causihg a
specific DNase I hypersensmve site. Formanon of the sne may require Lhe bmdmg of |
CTL-specific pre-initiation transcnpnonal factors as seen in the heat shock gcnes This: |
would also account for the appearance of the sites in the CTL-L16 cells in the absence of |
transcription. The transcription of the genes would then re»qtlxireb an additi‘énﬁl factor which
binds to a specific regulatory regidq, and in normal, amig'en-d’gpehdem T cells, is induced
upon antigen-stimulation of the cells, simi’l‘ar to the heat sh‘ockgctivator p‘fotcih. In fact,
Cl1 inducribﬁ is blocked by _cyclohexémidc, imp'lfing that a'né:ﬁ]y syﬁ.thééi‘zéd protein 1s -
-req.ui.red for géﬁp activation (appendix to chapter 3, osectidn ‘B.3). - By analégy. the
hy}):rs’enSiti\;e site in the gamma-iriterferoh g;:ne occurs cveln in .thc uninduced cells;
thereforc a proteln which i is mduced when the cells are stlmn‘ ted may be requ1rcd in
addition to other protems already bound, for transcnptlon to proceed.

The C11 and B10 genes each POSSESS two hyper§§:n51txw'e sites, which by aﬁalogy
to ,otherv genes, wi‘ll correspond to regﬁlatory régions.v In the case ot Cll, the 2.5 kb sub-
band‘éorfe\sponds to a h'ypersvensitivve‘si!évery near the start of 'tran'scriptiori‘,‘which
- probably feprés'cmé th_e'promoter. ;'”I‘he o_t‘her%t_lypersensitivc site is approximat‘ely 400 bp
upstream ‘o'f thét. Eor BIO; a full-length cDNA 1s not avﬁ&aﬁf, O fhe .:itc of tianscrip}ion
* initiation is not known. However, the 4.5kb gut{-ﬁnd rr‘lost.probably corrcspdnds-to the -
| hypchensifive site at the EIO gene promoter, by comparison to C11. This places the oth-cr‘
ihypersensitive sitz 1.2 kb upstreém c;;_f the prdmoter. Therefore, the regulatory sites which -
are furthcst 5'to the B19 and Clll genes would have to act over long distanccs' (400 and -
1200 bp, respecnvely) posing the 1ntr1gumg p0551b111ty that they are enhanccr sequences.

n addmon Lhe overall pattern of the hypersensmve and transcnptlon start sites and the

© upstream BamHI EcoRI and PstI sites are remarkably well conscrved between the two
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genesv. Since B10 and C11 are quite»h'c‘)mologous, and are bsequentially expreesed in
activated CTL, it iS‘qulte likely thal' they share common upstream sequences. The
pancreatic serine protease genes have a common enhancer element which regulates-their
expression (Walker et al 1983; Brady and MacDonald, 1986) At least two of the Ty
lymphokines also share a common element (Hardy et al., 1986). Sequence. ana1y51s and _
~ comparison of the BI0 and Cl11 genes should reveal_ whether B10 and C11 share
regulatory elements with inducible T cell genes, seﬁne protease genes or CTL-specific
‘genes. | A | |

-~ With. the isolation of tne genomic clones and the identification of potential
“regulatory sites of the genes by DNase I mapping, the sequences which eontrol expressldn
of B10-and Cll and the protems Wthh bind at those sites can be identified by DNA
footpnntlng and gel relardauon assays (Emerson et al 1985 Singh et al., 1986) This
‘will help clarify the order of events and molecules necessary for the,changes in chromann
configuration related to gene activation and transcription. It will also pfovide a link
between the membrane si gnalling event which activates CTL and the induction of the BlO
and C11 genes. A'comparison to other inducildle‘T cell genes may rel'eal common
mechanisms or signalling moleculeé used td regulate the genes. These approaches will
. increase our funder’s‘tanding,of holv the immune system, and in particular the cytotoxic T

cell response, is regulated at the molecular level.
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CHAPTER V
CONCLUSIONS

The immune system is comprised of a network of cells, each with a specialized ;
function, which interact to defend the body against invasion. This response 1o antigen
must be finely regulated to optimize the sum of the cells' action, and so that destructive
events are directed at the foreign material and not the body's own tissue. Studies at the
molecular level are now being used to elucidate how the regilatior. and functions of the

i\mmunt system are achieved. The molecular genetic approach described here has focussed

l."~

" on the mechamsm by which a cytotoxic Tcell (CTL, Ty) lyses its target cell and how this

responsc maybe regulated
N Imtially, the genes encoding molecules which may be important to CTL function
were isolated by a differential approach. ‘This method is based on the assumption that
proteins which are required in a cell's specialized function are represented by mRNAs
present in that cell type, but at a low level or not at all in oth’er types of cells. ,Thus,g
cytotoxic T lymphocytes should express a set of mRNAs)that encode its function-related
proteins and that are not present in helper T cells (Ty) or thymocytes. To,,isolate such
m'RNA. sequenc‘es a cDNA library was constructed using mRNA from a CTL line as

template This library was sequentlally screened with probe generated from TK, Ty and

thymus cells. - Several eDﬁA clones were identified which were posmve with the TK and

WS Two of these B 10 and Cl11, were characterized in detail
The specificity of expression of these two clones was tested in a number of
different cell types. Of 12 T cell lines or cultures tested which had cytotoxic activity, all 12
expressed B10 and C11. Surprisingly, 4 peritoneal exudate lymphocyte (PEL) lines were
negative for the clones, although they are cytotoxic cells. These cells, 'however' apparently:v' v
do not possess, the charactenstic CTL granules nor the complement like perforin"

molecules Therefore they are believed to lyse their targets by a mechanism different than
154
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that used by}CTL. Natural killer (NK) cells, which .do possess granules and are thoughtlto '
kill their target cells using a similar mechanism to CTL, also did not express detectable BI0

}or Cl11 transcripts and so possibly utilize some other B10- or Cl l:like molecules instead.
Indeed another DNA clone, gNI1, that was 1solated by its high degree of homologv to
Cl1,1s expressed specifically in NK cells Other types of lymphoid cells tested included S
non-cytolytic helper T cell lines, resting and activated splenic B cells anq macrophages, all
of which were negative for B 10 and C11 transcripts. The non—lymphoid cells tested, brain,
liver and ﬁbroblasts; did not express B10 or C11. Thus, these two clones, which svere '
1dent1ﬁed by dlfferenual hybndrzanon screening, represent mRNAs Wthh are only
‘ expressed in T cells with cytolytic activity. The only exception was the helper T cell clone
" D10, which expresses C11 but does not express B10.

The expression of B10 and C11 was found to be not only CTL-specific, but also to
correlate with the acttvation of thotoxicity. In time course experiments, the level of B10
and C11 mRNA increaseq_‘ when antigen-dependent cytotoxic T cell lines or spleen cell
cultures were activated by antigen or ConA. The peak of induction of C11 mRNA
. occurred first, followed by B10 mﬁ}ﬁA and finally, the peak of cytotoxic activity. This
order of events occurred re gardless of :avhether the cell's response peaked in a few hours or
in a few days. Thus these two mRNA} seem to be sequenually regulated in response to

CTL activation. The CTL-specific e‘ ;

55 sxon and the correlation thh T cell cytotoxre
activity strongly suggest that the B10- 1&@11 -encoded protems play a key role in CTL

o

The induction of C11 expressmn up

functlon

ell activation was not inhibited by phorbol
. myristate acetate (PMA) ina memory CI'L response or cyclosponn A (CsA) in an antigen-
dependent response, although these two compounds inhibited cytotoxxc acnvxty of the
cultures. Therefore, these drugs must exert their effects on some other molecules which

are critical to the lytic event, or at a point after the B10 and C11 induction signals have

occurred. C11 induction can, however, be blocked by cyclohexamide. This implies that
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the jnductior signal requlres de nova protein synthesis. Lymphotoxin, another molecule
implicated in target cell destruction, is induced with the same kinetics as C11, but this

‘dquon i« 1ot blocked by cyclohexarrude Therefore the two genes must be acnvated bva
differer: - znal. By using B10 and C11 as probes, together with other cloned genes which
are in-- ced in T cells, these sorts of analyses should help to clarify'the order ,of events

+ ween membrane signalling and target cell lysts. | : |

Having established the CTL-specificity of BlO and Cl I, the nature of the encoded
proteins and their possible role in cytolysis was deterrmnecl Sequence analysrs of B10 and
C11 revealed that they were related to each other (80% hornologous at the nucleomde level)
‘and that both appear to encode serine proteases. In addition to the overall homology with
' this’c;lass of.e_nayrnes, the C11-encoded protein contains the residues‘ which form the
' ”Catalytie triad in the active site of all kno»y'n’senne proteases (@557, Asp102 and Ser195 in

c:hymotrypsin).' This protein was designated "cytotoxic cell protein" (CCPI). The B10
cDNA 1nsert was not full-length, but it does include the Ser195 region and has a high
degree of homology to C!1. This su ggeSts that it, too, encodes a serine protease, referred
to as CCPII. By homology to other serine proteases, CCPLincludes a 19 amino acid signal
sequence and an unusually short activation pcpt:lde of 2 amino acid residues, Gly-Glu. The
serine protease which CCPI shares the greatest homology with, rat mast cell protease II
(RMCPII), poss‘esseswsome very unusual characteristics which affect substrate binding

(Woodbury, 1980). CCPI shares many of these characteristics, suggesting that it ha< a
novel substrate specificity. | ‘ . | /

Synthetic peptides based on the C11 sequence were synthesi-q:l ancl used
generate antibodies against CC'PI} The antibodies were used for cell localization_ of CClk
and Westem blots, w'hich demonstrated that CCl;I exists in the granules’of CTL. This
supported ‘the idea that the Cl1-product is involved in the lytic event, since granules are

believed to contain the effector molecules for CTL lysis. At least two species of serine

"proteases were suspected to exist in the CTL-specific granules, identified by

[
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dusopropylﬂourophosphate (DFP) binding. One of*these runs at 60 kD ¢ on a non-reducing
and 35kD on a, red'ucm g gel, while the other r"bns at, 29 kD both under reducing and non-
reducmg @&hdittons The Western blot ana]ysrs using the CCPI antibodies demonstrated
that the Cl1-encoded product corresponds to the 29 kD protein. As we had predlcted from
the C}l sequence, this protein i$ reported to have an unusual subsuate specrﬁcny
f;ﬁ Taken together the above data provrdes strong evidence that B10 and lel
g‘epresent molecules which are directly involved in CTL function. Both are specrﬁcaily
expressed in T cells with cytotoxic activity and their éxpression correlates with the level of
Iytic activity of the ceils. At least one of the encoded proteins exists in the granules, which
‘possevss the cells‘v lyti‘c activity. The fact that CCP], and possii)l'y CCPII, are serine
proteases suggests possible roles these molecules may. play in the lytic event. They cou]d
“be involved in a cascade type reaction leading to polymerizanon of perfonn similar to
; complement activation. Alternatively,' they rnay/be involved directly .in target cell
destruction by attacking cell membrane proteins or p}assin'g’through the perforin channels to
cleave a substrate(s) inside the target'cell.

The regulation of expressien of these two molecules was next examined. The
induction of C11 and B10 expression was found 10 occur, at least in part, at the ievel of
transcription (J. ShaW unpublished). Therefore, the genes corresponding to~BlO and C11
were isolated and charactenized, as a ﬁrst step in studymg how they are regulated

By probing Southern blots of genomic DNA and analyzing genomic clones (gB 10 -

| and gC11), arestncnon enzyme map of the two genes was constructed. Comparison of the
map of gCI1 to the C11 cDNA map allowed a preliminary assignment of the intron
positions in the gene. Many _serine protease genes have been'mapped, and have been
divided into groups, accordin gt)o- their gene organization, which are thought to reﬂect their

evoiutionary background. mparison of the Cl1 gene organization to ofher serine |

@

protease genes showed that it shares the exon/intron arrangement of the trypsin gene

family. It will be interesting to compare the g’ene organization of B10, gNl,'-D12,
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RMCP(II) and cathepsm?’G which seem to compnse a mulu gene famxly together wrth Cl1.
Possrble regﬂlarory regions of the B 10 and Cl 1 genes were 1dentified by analyzing

the chromaun conﬁguranon around thein. The chromann in'the Tegion of genes which have

1

the potenual to be transcnbed is relatlvely decondensed 'I'lns altered conformation renders
different genes in drfferent cell types accessible to transcnpmn factors, and thus is a ﬁrst
u step in cell specrﬁc gene regulatron The loosemng of the éhf‘omann can be detected using
low levels of DNase I which prefenenually ds‘,grades the DNA in the’ ‘faccessrble chromatin.
_ Wulnn these DNase. I sensitive regions, hypersensmve sites occur due to strain mduced by
nucleosome free areas in the DNA. These. hypersensmve srtes have been found to
i"correspond to regulatory regxons and can become 10- to 100=fold more sensmve when the
: corresponding regulatory protein binds the site. .The Dl}l@se I sensmvrty; of the BlO and
Cl11 genes was examined in th»ree CTL linESf tsuo of'wlrich zu'e actlvely trunscribing th‘eir
gene and a varlant'CTL line which has lost both cytotorri"e' activity énd the ability ’to
transcribe B10 und C1l. For comparison, the sensitivify of the genes in thymus cells,
which consist of a heterogeneous population of undifferentiated T cells, la line representing v
helper T cells, and aB ciellil-'me svere also examined. |
. In the undrfferenuated T cells of the thymus the genes were not DNase | sensitive,
and presumably not avallable for transcnptlon However, dlfferennanon to functlonal T.
cells, whether of the helper or killer subset seemed to be sufﬁcrent to confer an overall
DNase | sensmvuy to the genes This may be related to the decondensatlon around the T -
ccll antigen receptor genes, since the C11 gene has been localized to the same region of the
mouse chromosome 14 gene. In addition, the 5' half of the C11 gene is more sensitive "
_than the 3' half in diflerentiated T cells, suggesting that a nucleosome-free region exists .
-there. In thrs case, however, the krller and helper T cells differ. In killer T cells, sub-
bands appear as the main bands are di gested ‘which correspond to DNase I hypersensmve
sites in the upstream region of the gcnts In the helper T cells, however there is a random

v

mckrng of the gene and no hyperscnsmve site. Formation of the hypersensmve sites may
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require the binding of CTL-specific transctiption factors. These factors, however, are not
sufficient to induce transé:ription, since the CTL line which no longer expresses Cl 1 ;md
B10 possesses the hypersensitive sites. Theréfore', another factor may be induced upon
CTL-activation which must bind in order for transcription to proceed. In accordance with
this,’cyclohekamide blocks the induction nf C11 and B10 mRNA, presuma‘bly by blocking

synthesis of an induced transcription factor. Finally, in the B cell line tested, the B10 and

~ C11 genes exhibited no DNase I sensitivity, as expected if chromatin decondensation

correlates with T cell differentiation. A model for the activation of the B10 aﬁd Cl1 genes,
then, is that during T cell differentiation the chromatin arour}d the B10, C11 and other T -
cell-spéciﬁc genes becomes relatively decondensed, and the 5' regions of the B10 and C11

genes contain a nucleosome-free area. A CT L-specific, pre-initiation transcription factor
£ : ‘ ;

binds the DNA, which leads to the formation of the hypersensitive sites. Upon activation -

of CTL, another transcription factor(s) is induced and binds to the regulatory regions of the

‘B10-and C11 genes, thereby allowing transcription to proceed. A similar order of events

may oceur for helper T cell inducible genes, as indicated by the gene for gamma-interferon.
. A comparison of the regulatory DNA sequences of the B10 and C11 genes which

occur in the vicinity of the DNase I hypersensitive sites, as well as the regulatory sequences

- of other genes activated in T cells may reveal some common elements used by these genes.

Identification of the regulatory factors of the genes will help elucidate the events which
occur between aniigenl’ﬁctivation'at the cell surfac‘ev,. and gene activatibr; in the T cell
nucleus. This may, in turn, -providi: information on how the genes induced in T cells are
coordinately and sequentially rcgu‘la;ecf:- o

In addition to B10 and Cl1, tWé 'chcr interesting DNA’ scquénccs were isolated
and charactcrizéd. ‘Both were identified by their high degree of homology with C11.
Preliminary sequence information for one of thesc‘, D12, suggests that it too may;cnc’o”d_c 2%

serine protease. Its expression appears to be limited to the recently characterized cytotoxic- -

helper T cells and to antigen-independent T cell'lines. Another clone, gN1, is NK-specific
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and may'"corr,espond to a éCPI-equi,valent in those cells, since Cl1 and B10 are not
expressed in them. |
~ In summary, n‘;/o gene se'quen‘ees which are specifically expressed in CTL were
isolated from a C;l’L cD'NA‘ library by differential screening, and the level of their
| expression found to correlate with T cell cytotoxic activity. Both appear to encode serine
‘ proteases’and'one of these has been localized to the oharaetenstic CTL granules which:
possess the lytic actiyity of the cells. Taken together, this data strongly suggests that these
molecules play an 1mportant role in target cell lysis by CTL. Regulation of their expression
occurs at the level of transcnptron DNase I assays suggest that the B10 and C11 genes are
controlled first by a loosening of the chromatin around the genes in d1fferentraAcZ.T cells,
then by the bmdmg ofa CT L- specxﬁc factor which leads to the formation of hypersensmve
sites, and finally by the binding of an 1nducrble factor which allows transcription to
proceed. This would acceunt for the_,CTL-specrﬁc and activation-dependent expression of
the BlOand Cll genes. ‘ | N
-The CTL-specific genes whrch have been isolated represent tiseful markers of cell
function. Unlike most T cell markers, wl{lch are cell- surface anttgens ‘of unknown
runction, B10 and Cl11 expressron appears to be associated with T cell cytotoxic activity..
vThese‘ naarkers will beus’eful not Only in assigning cells to a T cell subset but also in
di:temnmng the role of CTL in immune defense and fn autoimmune dysfuncnon The
~»»1dent1ﬁcatxon ot molecures which seem to be dlrectly mvolved in CTL lysis has increased
©our understandmg of Fow the cells may 1nduce target cell destructlon Characterizaton of“
the molecules involved in tlhe lytlc event yvrll allow the: development of ‘specific potentiators
Cor 1nh1b1t0rs of CT L func}wn The novel substrate specrﬁcrty of CCPI may be useful for
example, in developing synthf—'uc substrates which selectlvely block the CT L response,
3 w1thput tnhrbmng other 1mportant physrologrcal f}l_nctmns ‘The abllrty to momtor the role

~of CTL in dlsease, together with a knowledge of hiow the cells function and are regulated at

the rnolecular‘level, provides a basrs'for the deyelopment of ratronal unmunoth_,erapy.

R



