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Abstract ‘ o .
[

Raji cell radioimmunoassay (Raji-RIA), a sensitive technique for
the detection of circulating imﬁun? complexes (CIC), has been developed
aﬁd modified in terms of standardization without the use of agd}egatéd
humaﬁ IgG (AHG). Raji;RIA results were then tested for their repro-

ducibility and compared with results of two other CIC assays LIZSI—Clq

125

i

binding activity (Clq-BA) and I bovine ¢ong]utfni’ i.mding assay] in

P 5 :,“‘ : a2

normal and pathological sera. ) Y N
. PR

W F

In evaludting the false positivity byrshgir”” ; antibodies in

-

Raji-RIA, antibody dependent cellular cytotoxicity (ADCC) assay with
5lCr-]abeHed Raji cell targets (ADCC-Raji) was used. Results‘indicate
minimal influence of such antibodies under the test éonditions of
Raji-RIA in SLE, renal transplant and mu]tfparous womens' sera.

Raji-RIA was applied in conjunction with»Clq—BA in three different
clinical situations and the fo]]owing observafions were made:

éisk prevalence of CIC in each group of disorders were significantly
higher than réspectiVe control groups with Raji-RIA showing
more positive results;

b). in4tystic fibrosis patients, a subgroup could be identified
havinQ imﬁune comb]ex-mediated lung injury, based on the higher
prevalence of CIC levels;

c) in hemodialysis, patients' séra were found not to épﬁtain‘DNA
antibodies in gree or complex form, clarifying a misconception
in thé literature; and;

d) in MS patients, prevalence of CIC was found to be significantly
increased in active states of the diséase comparéd with non-MS

neurologic controls.

(v)



Preliminary attempts were made to charggterize myelin basic protein
(MBP) as an antigenic‘constitueht of the CIC eluted from the l‘gaji cells.
MBPi con/tainiﬁg complexes wer:e noted in MS morek frequenﬂy than in
controls, in ac{ordér}ce with the proposed autoimpune naturé of  the

disease. ' ' . -
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Chapter I: |Introduction and Review of Literature

A. Introduction T

Immune comp]ex (IC) format1on in vivo occurs from 1nteract1on of

. !w

var10us endogenous or exogenous antigens with the1r correspond1ng anti-

bodies in human DEIHQS Formation of such comp]exes in norma] persons,

at a certa1n level, probably represents a phys1o1og1c immune mechanism
designed to eliminate or neutralize antigens and thus protects the‘hosf.
Von Pirquet in 1911 (209) first suggested the harmful role of ICs
in serum sickness. Later, experimental demons%ration of 1IC forﬁation
with vasculitis and g]aneru]onéphrifis in serum sickness was provided by
Germuth (55) and Dixon (31) in the 1950s. Since then a consfderab]e
amount of evidence of IC-mediated injury has been described in various
auto1mmune infectious and malignant djsorders,vpr1nc1pa1]y by way of
immunohistopatho]ogic demonstrations of ICs in target tissues.

;Recehﬁ developments in the detection of ICs in serum (circulating
immune complexes: CIC) and other biological fluids have created an area
of considerable sc1é%£1f1c interest to the clinician as well as the
basic immunologist.: Various physitochemica] and .biologic methods of CIC
detection have been described, varying in their sensitivity and brinci-

ples of detecfion. The biologic methé&s aré’more sensitive and have

specificity in terms of Ig class or complement component in the IC.

‘They'are not specific for the antigen(s) in the IC. dﬁ]y a few are

.

suitable. for routine use beéause of their.sensitivity_and
reproduc1b111ty (WHO study; 1978- 9%)

A vast amount of 1nformat1on has been accumulated in the last.
several years demonstratjng the prevalence of CICs in various clinical

conditions such as autoimmunity, infections, malignancies, etc., where



presumably persistent antigenemia and optimal host immune response give
rise to the formation of such complexes (Appendix 1).

One of the aims of CIC research is to determine its usefulness for
monitoring disease activity in CIC-mediated disorders. So far this has
been shown to be helpful in disorders such as systemic lupus erythemato-
sus [SLE (3, 5, 23, 35, 68)], rheumatoid arthritis (143), lyme arthritis
(67), infective endocarditis (13, 14, 122), aﬁa cer{ain typg§ of leu-
kemias and 1ymphomas (24, 161). Another objective 1s_to isohate and
characterize in vivo formed éomp]exes to determine their spekific.role
in’the pathogenesis of these disorders. Limited progress has\been made
in this area but, with increasing jEchnfcal improvemeﬁts, methods of
igslation of such‘cbmplexes have been achievéd Leg. elqtgﬁﬁwof iCs |
absorbed onto Raji cells (196), or isolation ﬁromfligaﬁd QBUnd omplexes
(26), etc.]. With p&rfection of these techniques, the ultimate pa] of

4 . . . . . - A
antigen purification for animal immunization and vaccine production may j

become possible.
In"this thesis, the application of CIC téchniques in three clinical
sftuations [multiple sg]efosis (MS), hemodia]y;is, and cystic fibrosis
(CS)] will be eva]uated-with thg Raji cell radioimmunoassay [Raji}-RIA,
'(199)], a highly sensitive and repro&uéib]e technique. Since é sjng]e
CICvassay is hot dependab}e forvdetecting all types of complexes,
another sensitive technique, Cld binding actiViiy.[Clq-BA(231)],/base
on differing biologic princip}gs; was also inc]udea. Results 1nﬁicate

that application of CIC study in these three clinical situations{are

useful and, more importantly, the use of Raji cells to isolate aﬁtigen \

from CICs appears promising. )

I



B. Review of the Literature

1. Methods for CIC Detection

Binding of antigen to antibody occurs forming non-covalent bonds
and leads to formation of altered molecular and functional characteris-
tics of the combined molecules (IC) by (i) increase {n molecular size;
changes in surface properties, charges and so]ubility;‘(ii) activation
of rheumatoid factor (RF), comp]emént systemj (ii1) activation of other:
biologic systems, eg. kinins, enzymes, etc., and; (1v) binding to cellu-
3b’.C3d’ CSa’ etc., and thus modu-
lates immunoregu]ation by its effect on the lymphoid system influencing.

lar or tissue receptors for Ig-fFc, C

ADCC activity, suppressor T-cell function, etc. (194).

Laboratory methods to detect IC are based on these above-mentiﬁned
properties of the complexes and are generally divided into four
categories:

a. Physical and physicochemical

i) U]tracentrifugatjon - IC are separated in fractiohs larger

‘than free 1g (179); )

ii) Gel fi]tratfon - IC ar'e separated in fractions larger than
free Ig (95); | | |

iii) Selective precfpitation of complexes from free Ig or other
macrbmo]ecu]es, eg. ammonium sul fate pre&ipitétion (47),
polyethyiene glycol precipitation (230) and cryoprecipitatibn
(223). /

A1l these methods ]ack 1mnun010g1c spec1f1c1ty and are therefore

unsu1tab]e for rout1ne use alone, but may be used as the preparat1ve

stage for other methods or combined with other biologic methods to

ensure immung]ogi% specificity: viz | |

|

!

>
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i) Raji or Cl1q:BA in ultracentrifuged fractions of serum (146,
199), |
1) Ultracentrifugation followed by RID for Ig (21),
iii) PEG precipitation followed by RID for lg (40, 84), C3 C4
(40).

b. Tests that are based on the interaction of ligands in vitro to

in vivo formed cunp]éxes L
i) Rheumatoid factor binding assay (6b, 108, 220),
ji) Clq (human) binding assay (6a, 69, 142, 231),
ii1) Boyine conglutinin binding assay (25, 45, 85, 109),

iv) Staph. Protein A binding assay (65, 118),

v)‘(_:3 bindtng- solid phase assay (155).

These methods are based on iﬁnuno]ogical reactions and are used

routinely. Detailed characteristics of some of these are given in Table
1.

€. Binding to bio]ogic'receptors

IC's‘with or without fixed complement will bind in vitro to cellu-
Tar receptors and are then detected by_radiolabelled or enzyme labelled
antibodies to human Ig: They are very sensitive but require live cells.
Antibody to cell membrane antigens present in the te;t sera is a
arawback of these methods as listed below:
i) Raji cell RIA (199),
i{),Mécrophage inhibition assay.(128),
C1i1)-Human red cell assay (204),
iv) Polymorphonuclear binding test (91),

v) Other cell Tine derived testé (157).
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d. Tests that intluence agglutination, C activation or cell--
mediated reactions by binding via fcr:
i) ADCC inhibition (87),
ii) Red cell rosette inhibition (175),
iii) Platelgt aggregation test (135, 154),
iv) Latex agglutination antiglobulin test (89, 104),
v) Complemegt consumption test (133),
vi) Anti-complementary activity (82).
A1l these methods (except iv) require heat inactivation of test sera as
d part of decomplementation. This procedure itself causes aggregation
of 1g and influences the tests. Unless the tests are modified to use
non-heat activated sera they are not reliable. ‘Standardization of these
tests is difficult due to the presence of other biologic material in
test sera which could exert positive or negative influences.
Selected aspects of different tests in each category are given in
Table 1. From this fable it will be noted that each test detects CIC of
different biologic characteristics. For example, Raji assay detects

only IgG bound C., fixed complexes, Clg-BA detects both IgG and IgM bound

3
complexes but complement activation has to be via the classical pathway

only, and ADCC inhibition detects non-complement fixed igG type com-
p]exeé, etc. Knowledge of limitations and advantages of each test

therefore becomes critical when one wants to s&lect a test for investi-

gation of a particular disease. In this respect, therefore, no one

single test wod]d provide an answer as.CIC patterns in terms of ab class
or ab/ag ratio will change with disease. Therefore it would be ideal to
use a combination of more than one test. A WHO organized multicenter

trial was organized in 1978 to determine the sensitivity and usefulness



of ditterent tests in ditterent pathological seva (97). Oul ot 18
ditterent t;ats onTy the six below were tound to be usetul:

1. Raji cell RIA

2. Clyg~-BA (tluid phase)

3. Clg-solid phase (SP)

4. Conglutinin SP

. Monoclonal RF inhibition

6. Platelet aggregation test.
These wer@ recommended for investigative purposes with use of more than
one tesi and selected knowledge of tests in a given disorder. The Raji
cell RIA and the Clq-BA are the most widely used because of their sensi-
tivity, reproducibility, and wide spectrum coverage of ICS. Background
information on these two tests is given below.

Clq-BA:

This is the first méthod described for CIC detection by Agnello et
al in 1970 (6a). This was based on precipitation of IC in the presence
of excess of'Clq. It was not very sensitive, was only qualitatiye, and
soon was followed by use of quantitative assay by Nydegger et al (142)

125

and later modified to use radiolabelied I Cl1q without heat inactiva-

tion of serum (231). This involved precipitation of IC bound to 125
Clq by 2-3.5% PEG precipitation. As modified it detects IgG and IgM
bearing complexes, and was then widely used in different 1aboratqries
due to simplicity of the technique. Major disadvantages‘were due to
binding of 1251 Clq to non-IC matefials and subsequent precipitation by
PEG. Modifications of the Cl1q-BA method thereafter were developed (8,

86, 176). Solid phase Clq assay was developed later (69) and is one of



the most sensitive tests carrvently avatbable without the disadvantages,
of the tlund phase of Clg-BA, bul detects only Lyt bound complexes.

Ragt Cell RIA:

Historical background ot the development ot this test 1y very
interesting. Dr. brank J. Dixon ot Scripp's Clinic, U.S.AL, went to
Bangkok in 19/1 as the head ot a ftield study ot Dengue tever, for his
interest in viral inmunopathology. Searching for circulating tmune
complexes in patients with severe haemorrhagic shock, he obtained
suggestive evidence for the presence of such complexes on the surface of
circulating leucocytes. On his return to Scripp's, he extended this
observation in _the growth of Raji céll assay for CIC (134).

It was observed by his group and others that human 8 lymphocytes
and certain lymphoblastoid cell lines would bind aggregated lgG or
antigen complexed lg via Fcr or complement receptors Nussenzweig, 1974,
Theofilopoulos et al, 1974a; Dickler, 1976). Searching for a B cell
line without surtface IyG, they found that a cell line derived from a
Bprkitt's lymphoma (Raji cells) would be most suitable (Theofilopoulos

3b* “3d
Clq) as well as IgG-Fcr of poor

et al, 1974a, b) for the test. Raji cells contained very avid C C
and other complement receptors (C5a, :
avidity (193) but no surface Ig. The Raji line-was used to detect IC by
testing them with heat aggregated IgG, in vitro complexes, and later,

pathological sera (199). It was established that C, and C3d receptors

3b
on Raji cells are more avid in in vitro binding to IC than Fcr and Clq
receptors. The sensitivity of Raji assay was better than other tests
such as anticomplementary activity (226), and conglutinin binding assay

(45), and later became one of the most sensitive tests. Drawbacks were

(1) maintenance of a cell line and, (ii) reactions with antilymphocytic



antabodies (2, 9).  These have been ful by descoribed an Chapter 111,
Section 3 ot this thests.

oo Pittalls of (10 Methods

a. Storage ot samples

Storage ot serum aliquots at a 4°C or lower temperature would ¢ ause
selt aggregation ot 196G with other Ig molecules in vitro with or without
complement activation and would be intluenced in the same way by
repeated freezing and thawing.  Since all ot the antigen non-specific
tests are dependent on the determination ot complement or antibody
molecules in the [0 they would be affected by these changes and more so
1t the tests are sensitive to AHG or complements .,

Storage at -20°C was better than -4°C and best at -70°C and spect -
mens stored at a temperature below -70%C are good for all tests up to an
average of eight weeks but Raji tests have been shown to be equally
reproducible after storage ot several months (226, 2¢29). On thg other
hand, PEG dependent tests are greatly affected by storage beyond seven

to twelve days (40).

b. Heating of serum samples

Heating of serum is necessary for anticomplementary activity depen-

dent tests (82, 133, 175), some forms of Clg inhibition tests (176), and

ADCC inhibition tests (87). Heating causes aggregation of IgG molecules

in sera giving false positives and is therefore generally avoided.

C. Standardization of CIC assays with aggregated human Ig

Most of thé CIC assays are standardized with heat aggregated human
IgG (AHG) as a model for in vitro IC and results are expressed in AHG
equivalent units. This practice originated from the\faqg that AHG is

(i) simple to prepare, (ii)éreadi]y available commercially, (iii) when



. heat aggregated it you]d assUmé the property of complement activétion or
RF factor bindfng (144,’208); unlike that in monomeric forms of IgG,
subserv{ng some of thefpropertieéiof in vivo IgG in the cbmp]exed form
with_antiéen (39@ and, (iv) standard cuses‘brepared with differént
concentfations of AHG wou1d a119§ standardization and quantitation of
dayQto-day.resui%s; | |

. It was soon realized that these expectations Qere.not met wigh AHG
and this was confinned,bltthe first WHO Study (97)lthat AHG preparafions
of di%fereﬁt:batcﬁes,behaved differe;t]y in different tests. It was
very unstable and aggregate size varied from Storage and day;po-day
- hané]ﬁngv(180). Reproducibi]ity of AHG staﬁdard curves was poor and at
present it should not be used as an 1dea1fstandard. z

.. The other serious drawback of AHG stahdardﬁ§hryés was that-it
‘expressed the.concentration of AHG, not the:size of aggregate, whereas

~

. binding of AHé:to-different 1igand$ or cell receptors depends on its ..
lattice Etfucture énd aggregate size (11,f39,"208), Therefore due to
change of sizes in AHG 1h ﬁand]ing and storage, tﬁe AHG standard curve.
would vary'in shape and expression'by concentration and woﬁ]d"%ndicate .
poor corre]ation with lattice siie.of'the in v{tro complexes.

Stabilized forms of AHG have beeﬁ démonstrated by adding BSA (90).
Monitoring of aggregate-sije by non-radiolabelled procedures has also
been described (116) but, at present, data on thesé stable AHG prepara-
tions .are limited: Suitability and selectivity'of such stab]? AHG
preparat%ons are the §ﬁbject$~of‘a second NHO study- (216). Until this
broﬁlem is de]ineatéd, comparison of CIC results from different

laboratories on AHG equivalents is not veny.meaningfu[;

-

.
-
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Presently some investigators would include a batch of referenée.
standard normal sera in each given fest. Assuming a normal Gaussian
distribugion of CICs, the values aBove the mean X + 2 SD would be taken
as abnormal results by the test (205).

Other major drawbécks of the individual tests -are given in Table 1.
Except for a few (21, 89), most of the tesfs are 1nf1uenpe§ by in vitro

“aggregation of IgG either via Fcr biﬁding or by activation of
comp]emenfs.

“ No tests are available at present which can detect IgD/IgE con-
taining complexes aﬁd-few tests have.been developed to detect -IgA
containing complexes (64, 102), but the dif?erentiation between high

seérun levels of IgA and IgA-containing comp]ekes by these tests was not
¥

- Clear.

3. Isolation of Antigens From CICiAssays

)

. IC are formed by non-covalent QOnds between the ag and ab. This
cg%ld be isolated by break1ng the non-covalent bonds by (i) acid or
alkali treatment (208), (ii) enzyme d1gest1on (66) and, (iii) acjd'or
.a]kali efution foltowed by affinity chromatography or gel filtraiion
(70). o

Froﬁ the established IC assays, procedures to isolate IC are
derived from UC, PEG precipitations (16, 21, 40), conglutinin‘BA (26),
‘and Raji RIA (196). Comp]ex b1ochem1ca] procedures w1th gel 'hromato~
grqphy and 1mmunoprec1p1tat1on, etc., are needed for subse uent isola-
tion of the critical antigens from other nongspec1f1c molecules. By
Raji RIA, specific antigens have been isolated from CECS in animal
models and subsequent ab or ag injection has been done for 1ﬁmunization

(196). If successful, ag isolation from CIC would ultimately lead to
-



“
fhe;%h1fillment of identification of idiopathic IC-mediated disease as
well as vaccine production. However, on the who]e the;e efforts are
extre@e]}‘comb]icated due.to'the présence of co-existihg.antigep anti-

body molecules of different nature.‘

4, Clinical Application of CIC Assqys

e

The u]timate'objective of CEC detection is,té demonstrate its'
-va]idfty in clinical perspectives and in understanding the immuno-
pathology of IC-mediated qjseases namely; correlation with disease
~actiyity, relation of CIC Qith tissue deposits aﬁd isolation of ant{?:
gen(s) from CIC. With these objectives, CIC have been detected in varjf
ous disorders and reported in recent Titerature (141, 194). It is not'

‘possible to cover all aspects of these results but suffice it here to

mention that it has produced conflicting fesu]ts, causing some misunder-.

standing regafding the validity of CICXresearch,in thé immunological
sciences. The author would only 11ke.£6 describe one clinical situation
where CIC research has béen-applieq extensively aﬁd wi]]‘try to present,
. in true perﬁpectiVes, the difficulties in application of these research
resﬁ]ts in clinical state as well as the causes of misunderstandings
based on their qpnc]d@ﬁons.

G]omeru]onéphrjtis (GN) is one of the best demonstr;ted forms of
IC-mediated disease in experimenta1‘énimals and man (43, 55). Kinetics
of IC formatidn; clearance and deposits in ahima] mdde]s-afe well kﬁown

_(43, 124) and henée CIC detection would form a feasible app]%cation in
such a condition. .This was, therefore, actually done in-various
centfés, with great enthusiasm. ~The aim that CIC Tevels would provide _

an objective measure to monitor disease activity in GN patients, par-

ticularly 1in idiopaéhic GN and isolation of antigens from CICs, would

12



provide an answer to the epio]ogy of these disorders. 'To the dismay of
many inyestigatoré, (Ts were not usually detected where they were sup-
posed to be abundeht by way of tissue deposits of ICs (ég, in idiopathic
membrangus GN) (40, 162, 205,7226) , whereas they were present where
there were'no pathological demonstrations of renal IC deposits (eg. in
nil lesion disease) (18, 101, 158).’ ;

On the other hand, as expected in prolifefative forms of idiopathic
GN and {n SLE nephritis, CIC levels and renal tissue deposits of IC
correlated well (40, 145, 146, 206, 226). ' Some investigators found CIC
Tevels were an even better indicator of disease act1v1ty than anti- DNA
lleve]s in SLE pat1ents‘(23), while others found good correlation between
disease act1v1ty, CIC levels and anti-DNA antibodies (3, 36, 68, 103) in
" the same disease. | |

To the practicing clinician, detectidn of CIC was not helpful to
monitor disease activity in-most of ;he forms of idiopathic GN'a]tﬁough.
gkeater“than 80% would be positive for IC deposits by IF er EM studies
in the kidney biopsies. To the researcher, it didiﬁkovide an alterna-
tive approacﬁ for: the understanding of pathogenesis of IC mediated renal
diseasee, namely: tpat.in:many of them IC-mediated rénaTdﬂisease would
occufﬁeithout CICs,‘accountiﬁg for local formation of!le in;%he kidney
due to a]teratlon of local cond1t10ns and formation of antibodies in
c1rcu]at1on (in situ IC fonnat1on); or thefe could be possible fluctua-
tions in the levels of CIC and glomerulonephritis may result from récﬁre
rent brief, and,an; easily detected bouts of IC deposition (218)

Coming bac:*t; the 1upus nephr1t1s and re]at1on with CIC, it was

found that after show1ng a good correlation with CIC lévels and disease

activity, various investigators then attempted to isolate and character-

/7
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ize the CICs in terms of size, clearance-and DNA content of fhe‘com—_
plexes. A recent. NIH study has confirmed poor clearance of CIC by RE
systems in”SLE patients over controls (52). Several independent workers
have shown presence of small and intermediate size complexes in SLE
patlents (21, 103, 155, 206$”and others have characterized a relation- B
sh1p between the size of CICs and the type of renal lesions (206). HoQ-
ever, except for two (5, 21), most of these investigators failed to
demonstrate DNA containing complexes in CICs‘from SLE sera (6b, 61, 79,
182, 183). These findings taken together, at this point, would mean

that occurrence of CIC in SLE has no disease specificity and could be an
epfphenomenon.

Experimenia] work on NZB and other‘sfraihs of mice by Izui et al
(1980) wouild attest to the above fact as they did nﬁt find DNA-anti-DNA
containing comp]exes (78), but found GP-70 - anti-GP-70 complexes where
GP-70 represented'a’specific.vira] envelope profein (i98). "Extrapola-
tion of these anima]Ifesults would suggest; (i) in human SLE patienté do
"9§ form DNA-anti-DNA complexes in circulation or, once formed, are
rapidly cleared from circulation and by virtué of its avidity would
" 1ocaiize to kidney fissue and mediéte injury. CIC levels would there-
fore be nonéspecific for DNA containing complexes or; (ii) our know]edgé
for isolation ofﬁDNA‘containing.comp]exes may not be perfect at present.
_Experimental conditions may 1éad to changes in physico-chemical condi-
tions which lead to denaturation of existing'pNA jg éomp]exes. In a )
.recent meeting of the International Congress of Rheumato]ogy in Par1s,
Steinman presented the p1tfalls of exper1menta1 cond1t1ons of DNA 1sola;

@

tion techniques from CICs. It was emphas1zed that plasma samples had a

better chance of yielding DNA than serum samples (182) which most inves-

~
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tigators used except the two who were successful. One of them used
piasma (21), the other, cryoprecipitates (5).

The difficulties in the isolation a%d identification of ag with
other unknown ég-ab system(s) should be anticipafed. Understanding the
1jm1ta£ions and scope. of individual systems, éndlproper knowledge in
réséarch conditipns, are evident]j\(equired for pursuing further
research in CIC fields.

The hain task of this study was to explore the possibilities of
whether eva]u&tion of CIC levels in certain selected Eljnicél'conditions
would help us to understand Cft-mediated 1mmunopathoT;S& in thése‘dis-
orders. Data is presented in studies of cyStic fibrosis (CF), multiple
sclerosis (MS), and hemodialysis patients. Detailed review of the
literature and objectives in these diseases are given separately for
each of thém. Y

Considering the various limitations of different CIC methods, the
project also modified and aeyeloped the Raji.cell radioimﬁunoassay (Raji
RIA); one of the host sensitive methods available, and compéred data
obtained with a combination &f results with another -sensitive method of

CIC detection: i.e. Clg binding activity '(C1g-BA).



Chapter 11: Methodology

I. CIC Methods

A. Raji cell radioimmunoassay (Raji-RIA) for tHe detection of CIC:

1. Raji cell line conditions

: . - o
Raji cell seeds were initially obtained from Dr. Longenecker in the

Department of Immunology, University of Alberta and later from Dr. A.N.
Theofi]opou]és; Scripp's Glinic, La Jé]la, California, and were main-
tained in continuous culture in Eagles minimum essential medium (MEM)

" (Appendix). Cells were cu]turéd at a density of 2 x 10° cells/ml 1in
-t1§sue culture flasks at 37°C without shaking.‘ Receptors fdr Fc, C3b5
andxcéd are expressed equally wel] throughbut the cell cycle (195).
However, cells used in the assay were obtained 72 hours after initiation

of culture.

2. Radio;abeiligg of anti-human 1gG
Idé fractions of rabbit anti-human 1gG were obtained from Cappel
'fab, P.A., U.S.A., and were radiolabelled with 1251 by following the
method of McConahey and Dixon (117). Our approach in radiolabelling in
comparison to the original description from Scripp's Clinic is given in

- Table 2. ‘ o

3. RIA test procedures

This was done by adapting to the original method.described by
Theofilopoulos and Dixon (195), with certain modifications in
standardization.proéedure withoug AHG.

i) Raji cells removed from.72 hour culture (cell density 1 x
N 10% cells/ml) were mixed with two drops 6f tryban blue and

!
cell number and cell viability were assessed with a

16
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3

TABLE 2

I Radiolabelling of (Rabbit) Anti-human IgG

Method of
Theofilopoulos et al

(199) Scripps Clinic Our method
1. Method Chloramine T same
: McConahey and
Dixon (1966) (117)
2. Exposure time to . > 1 minute < 15 seconds
Chloramine T. :
Av. lodine uptake % > 65 > 65
3. Final process of . Dialysis 12-24 hrs Column separation
purifying labelled ’ ,
protein
4. Dose of 14%] 3000 uCi 1000 Ci
sodium iodide o
5. Antibody specific 5 mgm/m] 5 mgm/m1
protein. of stock Ig .
6. Finé] antibody protein 1 mgm/mi 1 mgm/ml
concentration “in '
labelled antiserum /
7. Sp. Activity 0.3 Ci/gm /166 uC i/mgm
// -
8. BSA (RIA grade) none added 2 - 2.5% added
9. Labelling efficiency -- > 95% by TCA

precipitable protein

&>



ii)

iii)

iv)

vi)

hemocytometer. Cells with viabi]ity of 98% or greater were
used for the assay.

Raji cé]ls were then waghed x 3 times in wash medium (RPMI-
1640 with no added protein - Appendix 2 ), by centrifugatfon
at 1500 rpm (500 g) x 10 minutes at 4°C.

Aliquots of. 2 x 106 cells (100 pl) of washed cells were
placed in 1.0 ml Fisher tubes and ﬁ ml of wash medium wag
added to each tube aqd centrifuged 1500 rpm (500 g) x 10
minutes at 4°C.

After centrifugatioh, supernatants were discarded, and cell

pellets (2 x 106

Raji cells) resuspended in 50 ul.of wash
medium. To this 25 ul of test serum (diluted 1:4 in 0.15 M
NaCl saline) were added. ‘

Tubes were incubated at 37°C fpr 45 minutes with inter-
mittent gént]e shakiné by hand (every 5 to 10 minutes).

At the.end of this incubation period cells were washed x 3

| with wash medium. For the first wash, 1 ml of wash medium

was added and cells centrifuged at 1500 rpm (500 g) for 10
minutes at 4°C. Supernatants were aspirated and cell pel-

lets resuspended in 200 ul of washvmédium'with gentle mixing

with a Pasteur pipette and subsequently 1 ml of wash medium

. added. Resuspended cells were then centrifuged as in the

vii)

first wash. This step was repeated for the third wash.
After the final wash, cell pellets were resuspended in 50 ul

of wash medium cdntaining‘l% BSA (RIA grade, Sigma Lab, Cat

125

No. A-4378) and 50 ul appropriate amount of I rabbit -

anti-human IgG* (determined for each batch of antibody by a '

18



critical titration between a highly positive sera and normal
sera, giving a difference of uptake greater than 7-8 times
of normal sera) diluted in wash medium containing 1% BSA was
added and mixed thoroughly. An incubation period of 30 «
minutes at 4°C was carried out with the mixture, with inter-
mittent gentle shaking by hand at 5-10 minute intervals.
viii) At the end of the incubation period cel]é were washed in
medium containing 1% BSA by following simi]ar‘procedures as
~in step (vi). After the final wash the supernatants were
aspirated close to cells, and.pe11ets were counted in a
gamma counter. %ina] results were calculated from the
duplicates of each serum.

4. Standardization

AHG was not used as a standard in this assay, as originally
described(&99). Instead 10 NHS were included in each experiment to find.
out thé optimum binding of 1251 anti-human IgG. The'CPM values of the
mean (X) and SD of these values were calculated and CPM above the X + 2
SD values of the reference NHS on the day oftexperiment was considered
~ abnormal or positive résu]fs. ‘For QUality control and ensurihg repro-
ducibility of day-to-day results, a serial dilution of h%gh]y positive
SLE sera (LJ) was run. At a-critical dilution (1/100) the sera wefe
found to bé just aboye the 2 SD of X of 10 reference NHS. This was used
as an additional indéx;to ensure standardization and reproducibility of
test results done on different days. Details of this modificatfon and
standardization are given in Chapter III, Section I 6f this thésis.

Raji RIA results are expressed as SD above the normal mean (X).
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5. (Clg-binding assay (Clg-binding activity by PEG dependent, fluid

- phase assay) - Clg-BA

This was done by following the methods of Zubler and Lambert (229)
as already established in our laboratory as a routine CIC assay (84).
Briefly, human Cla was isolated and purified from pooled hormal human
sera (NHS) by binding to calf thymus DNA, DNAase digestion and Sephadex
6200 column separation (Jones and Cummings 1977). Purified Clq was
checked with aﬁtf—human Clg in radial immunodiffusion and immunoelectro-
phoresis and a]sé against ;nti-whole human sera. This formed d single

IZSI

line of precipitation. Purified human Clqg was radiolabelled with
by the T%ctoperoxidase method (130). |
50 ul of test serum were mixed with 100 yl of EDTA (to inactivate

endbgenous free Clq) at 37°C x 30 minutes. Négative and positive
controls were also put iﬁ the same way by NHS from healthy donors and
positive sera from SLE, RA and other patients. Solutions of AHG in PBS
'of known concentrationsywere also added as positive controls.

After this incubation, tubes were placed in ice baths and 50 pl of

25

171 Clq added and immediately thereaftér, 1 ml of PEG (3.5%, MW 6000

daltons) solution was added to these mixtures and kept at 4°C x 1 hour.
Two TCA control tubes were prepared by mixing 50 ul of 125
and 150 pl of serum and 1 ml éf 20% TCA. After 1 hoyr all tubes were
centrifuged at 1500 g (3000 rpm) X 20 minutes at 4°C. Supernatants were
discarded and radioactivity of the pellets was measured.

Test results were expressed as % of 125I-Clq prepared by PEG as
compared to total CPM precipitated;jn the TCA control tubes. Each test

was run in duplicate and the mean of duplicafe tests represents Clq

-bihding activity, Clq-BA.

I Clq solution
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Normal results determined in healthy donors were found to be 6.0 ¢
2.2 as X 1 SD. Results > X + 2 SU were considered abnormal, i.e. values
> 11.1% binding were taken as positive results.

6. Handling of Serum Samples

A1l blood samples were allowed to clot at room temperature for one
hour, centrifuged at 400 G for 10 minutes, divided into 0.5 %1 aliquots
and stored at -70°C. Aliquots of serum were thawed once for assays on
the same day; they were assayed within 2 months of coi]ection.

7. Statistical Analysis,

Student's "t" test, Chi square, and Fischer exact tests were used
for statistical evaluation of the data. They have been described in

individual chapters where such applicatidns were made.

!
!

|
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Chapter 111: IWleuwﬁcn{:lﬁisphkls of Rajv Assay

L. Raji te \'f\ RIA - .':,,St,@_nd,dr,di,z.a,_,t.i_on on L.J. Serum

We have introduced a new method for standardization of the Raji-RIA
assay, by referring to a s;andard curve prepared daily. Previously, the

a1t
D .
12 [ anti-human

standdrd curve was obtained by reterring to uptake of
IgG (either in percent or by CPM) to 13-14 serial samples ot normal
human serum containing heat aggregated gamma globulin (AHG + NHS), where
the quantity of AHG added to such samples varied from 1 p gm/ml to 4-8
mgm/ml. A sample of pooled normal human sera was run every day to find

out the corresponding background uptake of 125

I anti-hunan 1gG, mediated
via Fc receptors on Raji cells and 7s 1gG on NHS.

We found that, by referring our results to such AHG standard curve,
the lowest value of CIC detected was 4 ug/ml and hjghest > 4 mgm/ml ot
AHG equivalent. In 30 normal blood bank donors the mean + 2S.D. value
was found to be 33 ug/ml of AHG. Values greater than these were con-
sidered abnormal. A representative AHG standard curve is shown in Fig |
1. |

Unfortunately we noticed the AHG standard curve had poor repro-
ducibility (due to instability on storage) and one experiment could not
be compared to another. je, therefore, established a modified way of
standardizing the assay without the use of AHG.

Our goal was to differentiate éera containing CIC from ndrma] human
sera. We took a highly positive serum from an SLE patient and ran it in
several dilutions fach day in parél]el with 10 normal human sera (NHS).

§ 125

Uptake o I anti-human IgG, above the mean + 2 SD values of the 8-10

NHS samples, is considered abnormal and expressed in SD units by the
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" Fig. 2., Raji-RIA standardization with SLE sera and normal human sera
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following calculation:
.Test Score .
a \

CPM_observed in test sample - mean CPM of 8-10 NHS

Standard deviation of mean CPM of 8-10 NHS

> 2 SD = abnormal (or positive)

As shown in Figure 2, this batch of serum (L.J.) at 1:100 dilution
consistently gives values 2 SD above the mean of 10 NHS even with
repeated }esting. Therefore, instead of AHG, we aliquoted small amounts
of LJ sera and ran it in seriéf}di]utions in each qxperimeﬁt, togeiher
with 8-10 NHSat di]qtion of 1)100:L.J. serum was always just above 2 Sb
of the mean CPM of NHS sera run at the same time. This allows quality
coptro]’and standardization,‘and corrects for variation in the system.

This serum was a]sd positive in other CIC assays, e.g. Clg and BA
and was negtive for antﬁlympohocytic'antibodies against Raji cell target
in ADCC and CDC. A1§g;"serum IgG concentration of L.J. sera was within
normal range (1190 mg/dl). ‘ a |

This method of standardization can be done with other highly bosi—
tive.sekum from patients with SLE or other diseases containing in vivo :
compTexes; A criticai dilution to give a readin§ just above 2 SD of b
referehce NHS would then be determined. 'Another SLE sera WK used in
such a way is shown inééig. 2.

125 Labbit

In Fig. 3, we have shown two AHG standard curves of
anti-human IgG uptake (Y) Vs concentration of AHG kX), ahd the slopes or
regﬁéésion line Y on X (Y = a + bX). Values of different AHG standard

“curves (done with same batch -of AHG) aré given in Table_3.. They show

very wide variation (coefficient. of variation = 50.3%); in contrast

25
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Correlation

10.
11.
12.
s,
14.
15.

217

TABLE 3
AHG STANDARD CURVE

with 1297 Anti-Human'IgG Uptake

r rl b D

54 .30 0.27

67 45 0.29

72 52 0.30

74 56 1.30

75 Y 0.85

80 64 _ 0.87

80 65 1 0.114

84 o7 .' 0.57

88 78 0.81

89 80 1.29

91 - 83 : 6173-

91 84 0.74

% 85 0.54

93 | 88 0.78

9 o 94  0.74 ”

‘ % = 0.68

S0 = 0.34
SE = 0.08
CV = 50.29%

-+ = Correlation Coefficient
= Coefficiént of Determination
b = Slope of regression Line Y on X-

Cv = Coefficienf of Variatidn
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TABLE 4

L.J. Serum Titration

»

‘Correlation with <125 > I Anti-Human IgG Uptake

kr

1 83
2 90
3. 91
4, S
5. 93
6 93
7 95

Correlation Coefficient
Coefficient of Determination
Slgpe of Regression Line Y on X

Coefficient of Vafiation

70

81

83

84
83
88

91

16.

15

14.

14

18.

14

17.

SD
SE
cv

73

.88

20

68

.45

58

.97

16.07
1.67
0.63

10.4%
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L.J. Standard Curve in % Uptake of

TABLE 5

1251 Anti-HIgG to Raji Cells

From 15 Consective Experiments

-

Lad. 1/10 L.J. 1/100 ~ +NHS & *CF (for

Expt.

No. % Binding *CF 1/10 % Binding *CF 1/100 % Binding each day)

1. 5.28 0.98 3.29 0.88 2.46 0.81

2. 5.02 - 1.03 3.96 0.74 2.66 0.75

3. 3.25 1.59 2.03 1.43 1.45 1.38
-4, 4.03 1.28 ° 2.52 1.15 1.49 1.34

5. 4.89 1.06 . 2.75 1.05 2.15 0:93

6. 4,86 1.06 2.93 0.99 2.03 0.99

7. 5.79 0.89 2 3.14 0.92 2.33 0.86

8. 5.44 0.95 2.90 1.00 2.04 0.98

9. 4.29 1.20  2.02 1.44 1.50 1.34

10. * 5.23 . 0.99 2.88 - 1.01 1.86 1.08

11. 6.53 0.79 3.32 0.87 1.92 1.04

12. 5.10 -1.01 2.65 1.09 1.90 - 1.05

13. 6.10 0.85 3.06 0.95 2.26 0.88

14. 5.94 0.87 3.21 0.90 1.98 1.01

15. 6.26 - 0.83 3.}1 . 0.93 2.17 0.92

’) _
L
_ L.J. 10 L.J 100 X NHS _
Observed X = 5.19 --2.91 -2 2.01 X 15 observed
c SD = 0.87 - 0.49 - 0.35 *CF =~
Cv = 0.16 - 0.16 - 0.17 observed value
cv coefficient of variatjon ‘ :
+ NHS Reference normal humal sera (n = 10) to determine normal range in
each experiment. ‘ ’
* CF Correction factor, determined to check day to day variation

~ (interassay variation) of individual results. This is caluclated

for each day from the mean of the ratio of L.J. (1:0) and L.J.
(1 100) to the overall mean for these two dilutions. Note that
in most of the experiments the ratio is close to 1. The CF of -
NHS is not used to calculate CF, but is given as an add1t1ona1
check.

\
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- TABLE 6

}\ RAJI-RIA: Comparison of Results of Consecutive Experiments
.on L.J. Sera at thelégitial Period and After One Year of Storage,

in Terms of “~~1 Anti-human IgG Uptake or S.D. Units

”

Raji RIA ’
L.J. (1/100) Sera L.J. (1/100): after 1 year+

Expt % 12°1 anti* S.D. Units Expt % 2% anti  S.D. Units
No, IgG Binding No. IgG Binding

1. 3.29 2.8 1. 2.81 2.3

2. 3.96 3.2 2. 2.67 2.0

3. 2.03 2.0 3. 2.91 2.3

4, 2.52 2. 4, 2.96 2.2

5. 2.72 2.2 5. 2.59 2.0

6. 2.93 2.7 6. 3.20 . 2.6

7. 3.14 2.6 7. 2.85 1.95 ™~
8. 2.90 2.5 8. 3.26 2.6

9. 2.02 2.2 9. 2.80 2.3
10. 2.88 2.9 10. 3.24 2.8
11. 3.32 3.0
12. 2.65 2.8
13. 3.06 2.4
14. 3.21 3.8
15. 3.11 2.6
X = 2.9 2.64 1 2.92 2.30
S.D. = 0.49 0.46 : 0.23 0.28
Coefficient  ~
Variation (c.v.)

2%

= 16% - 17% ‘ 9% .. 1

* Same data as of column 3, Table No. 5
+ Done with different batch of anti-human 1lgG
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TABLE 7
Showing inter and intra assay variation of Raji-RIA results
in normal and pathological sera, as well as effects
of repeated freezing and thawing

N B WMN =

Raji RIA-SD Units - Standard Coefficient
_ . Experiment No. Mean Deviation of variation
Diagnosis 1 - 2 3 X S.D. %
A. Aligquoted Samples thawed once on the day of experiment
1.  SLE 6.1 5.7 6.1 - 5.96 - -0.23 3
2. RA 5.2 5.6 5.6 5.46 0.23 .4
3. MS : 3.2 . 2.8 2.6 2.86 0.30 . 10
4, Thryoiditis 6.9 7.4 6.8 7.03 0.32 4
5. CF : 5.4 6.7 5.1 5.73 0.85- 14
6. SABE 6.9 7.7 7.2 7.26 0.40 5
7. MS 3.0. 3.1 2.8 2.96 0.15 5
8. BB Donor 1 0.5 0.4. 0.4 0.42 0.05 13
g. ! 0.6 0.5 0.6 0.56 - 0.05 10
10. © Lab Donor 1.64 1.72 1.7 1.7 0.05 3
B. Samples Thawed on conéectuive experiments .0
1st Znd 3rd
thaw - thaw thaw _
. SABE 5.0 5.0 3.4 4,46 0.92 | 20
SLE 3.2 2.7 1.7 2.53 0.76 30
MS 2.7 2.3 0.3 1.76 1.28 72
MS 13.1 8.4 3.0 8.16 5.05 291
Melanoma 6.9 - 0.2 0 2.26 3.92 . 165
Thyroid. 1.6 3.9 0.8 2.1 1.6 ‘ 76
. ! 1.06 3.23 0.68 1.65 1.37 83
MS 5.2 7.9 2.7 5.26 2.60 - 150
C. Intraassay variation: same sample in one_experiment X 3 |
SABE 4.2 4.5 4.6  4.43  0.20 4
MS 2.3 1.9 2.2 2.13 . 0.20 9 -
BB Donor 1.1 - 1.3 1.1 1.16 0.15 9
Lab Donor 0.7 0.7 0.6 0.66 0.05. 8
SLE = Systemic lupus erythremafosis. MS = Multiple Sclerosis
SABE = Subacute Bact. endocarditis BB = Blood Bank
CF = Cystic fibrosis . N



curves with L.J. serum showed excellent degree of correlation (Fig. 4
and Table 4) with a coefficient of variation of only 10.4%.

125I antihuman IgG uptake in consecu-

Reprbducibi]ity interims of
tive experiments with L.J. sera was found to be very satisfactory (Table
5). A correction factor (CF) is also shown and explained in the table
as an additional check. | ’

Based on this modification we evaluated unknown samples, excessive
results in SD above normal mean (SD units) 1nstéad of AHG equivalent.

In Table 6 reproducibility of L.J. sera (Standard) in terms of .either
125

I antihuman IgG uptake or SD units are shown in comparison to initial

experimental resuits and 12 months later. Representative examples of
rep}oducibi]ity of other test sera in terms of inter or intra assay
.variations a@% given in Table 7 as well as effect of repeated freeze
thawing. |

2. Raji RIA for CIC: Normal Subjects and Diurnal Variations

A total of 181 different samples from three groups'of donors were
.obtained represénting a wide crossiection of normal population in
respect to age'and sex. No significant differences betweeﬁ the various
age and sex groups were noted in regards to CIC by Raji-RIA (p = >¢0.75
and > 0.50 respectively). Detailed results are given in Fig. 5 and\
Table 8. | |

Diurnal variations

In 15 subjects serum samples were collected in the morning (7 to 8
a.m.) éhd_at‘afternoqn (between 5 to 6 p;m.) CIC results are sﬁown in
-Fig. 6. No significant variations in CIC levels were detected between

a.m. and p.m. either by Raji-RIA or Clq BA (p > 0.50 by Student's "t"

3
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CIRCULATING MMUNE COMPLEXES BY RAMRIA
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Fig. 5. Raji-RIA results for CIC among normal subjects of different age
and sex group. Values are expressed in S,D. units as explained
in the texf and values around normal mean are indicated in the

shaded area at the base of the graph.
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TABLE 8

Raji-RIA:CIC in Nofma] Population (by age and Sex Groups)
N = 181
Age No. A B : C D C E
groups < 20 20-29 30-39 49-40 50 or
‘ above Total
Males 14 31 % 20 18 109"
(N1) ' :
Positives* 2 1 1 5"
(5.5%)

“Females 12 9 1 72%
(N2) '
Positives* 1 1 0 10

rivesT (13.9)
Total 38 29 19 0 e
N1 + N2 s
+ N . ‘
Positives 2 7 3 ' 2 1 15
% positives 5.5 1.9 7.8 6.8 5.2 8.3
* Postives = values of Raji-RIA above 2 S.D. units
XX %2 . 1,65, df = 4 not significant (NS)

p = >0:.75 '
X x& - 2.28, df = r NS

p = > 0.50
tx% = 1.65, df = 4 NS

b =>0.75 \



DIURNAL VARIATION OF CIC IN NORMAL HUMAN SERA -

(n=15)
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Fig. 6. Diurnal variation of CIC in normal human sera.
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I. BloQd Bank donors.
2. Laboratory personnel.

3. Donors from the Paediatric group.

3. Comparison of Raji-RIA Results With Clq Binding Activity (Clq--

BA) and Bovine Conglutinin Binding Activity in Normal + Pathological

Sera.

Raji RIA results in normals gnd different pathological sera were
compared with two other radioimmunoassays for CIC. Results are shown in
Table 9. |

. Higher positive results by Raji-RIA and reduced positivity by
Bovine conglutinin assay was noted, as alsoﬁnoted by others (26, 45).
Cpmparison of .CIC results in the same disease group by three different
methods indicated prevalence of complexes of different biologic char-
acteristics and hence no statistical comparisons were made between the
groups tested. .The tabletglsolpoints_éﬁ‘x;he'need for use of more thén

~one method of CIC and to }elect the be
kY R k

N
complexes in a.particular disease gro

¥

"y
A,

y' al so recomended by the WHO
Study, 1978. (97).1

OQur results régékdjng prevalence of CIC were similar to that
a]readyxrepbrted in the literature except in the areas of multiple

W
sclerosi

]

(MS) and cystic fibrosis (CF). Detailed discussions regarding

Ty
S

MS and CF studies are done in Chaptér IV and VI respectively.

1

4. 1In Vitro Prepared Immune Complexf Detection and Isolation by

Raji Assay

In vitro IC was prepared in four times antigen excess with 125

I-

labelled bovine serum albumin (BSA) and IgG fraction of rabbit anti-BSA

2

srdsts suitable for detection of -

3/

ir":}



38

»
’ ‘

oo ! TABLE 9
Prevalence of. CIC in Normal and Pathological Sera
- . . by 3 Different Radioimmune Assays v

Groups ' RAJI-RIA | Clq-BA ‘Conglutinin BA  Total

‘ n tve %  4ve ® +ve % ) Sera
1. No#mals — ~ ' —
(B1d0od Bank : 47
donors : ’// - >
90 subjects 90 - 8 8.8 4 4.4 7 7.7 90 .
: ‘ - ~ normals

2. Systémic
Tupus
erythrem-
atosus (SLE) : X
30 patients 102 97 -95 34 33.3 6 5.8,

3. Rheumatoid \
Arthritis AN : :
(RA) 58 ' : S
patients 72 40 55.5 45 62.5 9 o 12.5

4. Glomerulo-

nephritis

GN (50 :

_ patients) 50 16 32 14 28 8 16

5. Renal ~

Transplants:

(33 . _
patients) "84 12 14.2 19 22:6 11, 13

6. Cystic : ‘
fibrosis(CF) Y
48 patients 48 18 37.5 5 10.4  0/2¢xx XX

»

~ 7. Multiple ‘ o f ‘\-
“. sclerosis

(MS) .254 ) '

‘patients 272 80" 29.4 40  14.7 12 4.4

8. Melanoma : ' : r ’ Patho-
20 patients 114 - 6 5.2 17 14.9 0 0 logical
' . ¢ - 742 '

Total+ _ 269 36.2+ 174 23.5+ 46 7.4+

2=

+ve value represents > & + 2 SD of normal results in each test
XX only dope in 22 samples:
+  Total and % of_pathqlogica1 sera only.



(custom prepared.against the same batch of BSA by Cappel Lab, Lot Ve

13687). Detailed steps of these preparations are given in Appgndix 3.
, ‘ By ‘

Prepared 1C were tested in Raji RIA, after incubation with NHS as a
source of complement (37°C x 30 minutes). Other controls were set up

with the same NHS minus the complexes, 125

I BSA and anti-BSA respec-
tiveTy} Representative results are shown in figure 7. They show BSA-
anti-BSA complexes with complement are bes£ detected by Raji assay.
Isolation and characterization pf 1'ZSBSA from 125BSA}anti-BSA com-
plexes Qere made by incubéting 30 x 106 Raji cells with the in vitro.
prepared IC at 37°C x 45 minutes followed by acid elution at a pH of>2.9
- 3.2 with isotonic citrate buffer.-following the methods described by
‘Theofilopoulos et al (196). Details are given in Appendix 3. ‘Raji
é]uate was then subjected to po]yacrylamide gel electrophoresis in SDS
(SDS-PAGE) as described in Appendix 3. A number of controls were run

25

simu]taneouS]y, which consisted of 1 BSA alone, anti-BSA, NHS (used as

a source of complement), and.washing of Raji cells with acid buffer
without any IC incubations (to check for Raji membrane proteins isolated

during the procedure of elution). Several éxperiments were done with

125

good isolation of BSA from the BSA-anti-BSA in vitro complexes. A

Yo

representative fesﬁTt is ‘given in Fige 8 together with controls. Here

gel columns were cut into sections and,airect counts were obtained in a

gamma counter.

Lk

The SDS-PAGE part of the eXperiments were done under guidance and

supervision from Drs. T. Nihei and D.L.J. Tyrrell.

A

T
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RAJI RIA: in-vitro BSA-anti BSA complex detection ’Total

CPM
added

125BSA—~BSA — 35847
© +NHS (+c’)

CPM x 103
{

125g5A~BSA — 40914
+Heated

e NHS (-¢?) = -,
7" p12585A~BSA —~ 51237

"
- 12%1ggA  —— 42286

o T —aczae=="_ _ __ _ _ _ . -Background
T ¥ ¥ 1) 1 1 1 .

14128 164 1:32 1116 1:8 14 12 Undil




.

ELUTION OF BSA-antiBSA IN-VITRO COMPLEX
BY RAJI ASSAY AND SDSPAGE

3-

L
o

a——

]
\ —-— 125ggA

Raiji eluate

l - 12555 ~BSA IC

- 300

| 200 |
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Fig. 8. Elution of BSA-anti-BSA in vitro complex by Raji assay and
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5. AEva]uation of False Positives

a) Influence of serum containing higher IgG levels. .

Raji cells have IgG-Fc receptors (FcR) besideéqhaving very avid
complement receptors, eg. C3B, C3. It is possible that, at high serum
. \
IgG concentrations, Ig could bind to IgG-FcR on Raji cells and sub-

sequently be picked up by the 125

1 anti-human IgG used in the second
step of the Raji-RIA assay. This could give rise to false positive
assays for CIC. - : ) _ ‘ .
We examined human sera containing monoclonal peaks ('M' peaks) of
IgG and d?her immunoglobulin classes. Serum IgG levels, as quantitated
by radial immuﬁodiffusion,\varied in these samples from normal to hypér-

globulinemic range and over. Detailed results are given in Table 10.

At a normal range of serum Ig& (5 to 20 mgm/ml) and'with hyper-

globulinemia of 20 to 40 mgm/ml, there was only é]ight evidence of false-

positivity in Raji-RIA, but thisctehdency increased wiih IgG'Concentfa-
tions above 40 mgm/@]; Serafaith 'M' peaks of igA, Igb, and IgM did not
cause aﬁy Raji positive results, as expected. On the other hand, C}q-BA
showed positivity at all ranges of 1gG levels and by non-IgG bearing

125, Clq binds to any highly charged,/

monoclonal seraﬂ This is because
anionic proteins (6b, 30, 229) (eg. heparin) and PEG precipitation, u§éd

fh{s assay, a]sotcauses cryoprecipitation and agdﬁggation of :
immunoglobulins (2). |

b) Influence of serum éontaining;anti1ymphocytic antibodies

RajiNassay involves first absorption of C3 bound CIC onto C3b and
C3d receptors on the Raji celi,surface, allowing subsequent detection
and quantitation by radiolabelled anti-human IgG. Raji is a B 1ympho-

blastoid cell line‘established from a patient with Burkitt's lymphoma.

AN
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TABLE 10
Evaluation of False Positives in CIC Assays:

(a) Influence of Myeloma Sera® in Raji RIA and CIq-BA

SéFun @ntaining ~ tumber of Different  _ CIC Positivity*

'‘M' Peaks *  Samples Raji RIA CIq-BA (PEG)

A. 1gG - 'M' peaks serum
~ IgG levels (mg/ml) o
i) 5-20 - normal range 11 .0 -5

i1) 21-40 - hyper--

globulinemic range 6 | ‘ . 1 4
iii) > 40 . 3 . 2. 2
Subtotal . : 20 3 11

(16Q6z) (55.0%)

& 5 gnm o .02
C. IgA-'M' ‘ 1 ) 0 D |
D. IgD-"M' 1 . ' o 1
. @ © 3
Total ‘ 2 | 3 15

*, Positive values = values 2 S.D. above the mean (X) values of normal

human sera (NHS).
Identification and quant1tat1on of 'M' peak containing sera was done
by Dr. Salkie, by radial immunodiffusion and 1mmunoe]ectrophores1s

X
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It bears HLA-A, B, C, DR and other determinants (49) and therefore might
give false positive results for CIC test sera containing antibodies to
such determinants.
Theofilopoulos et al. (199)~demonstrated that cold-reacting IgM-

L
type ant11ymphocyt1c antibodies in SLE serum would not 1nterfere with

Raji-RIA as incubation with test sera is done at 37 C and not at 49 C,
and F(ab'.)2 fragments of igG iéo1ated’from SLE sera bind poorly to Raji
cells at 37°C (197). wopdroffe'et al. (226) report that 27% of systemic
Tupus erythemafosus (SLE) patients' sera contain énti]ymphocytic anti-
bad1es which could affect 1nterpretat1on of the RaJ1 assay; they used
\7Ra31\cg]1s as targets in a complement dependent microcytoxicity assay
using dye“exclusion as the endpoint. The literature has no. detailed
evaluation o?\pgf interference by antilymphocytic antibodies on Raji-RIA
other than in SLE even thougﬁ this limitation is often cited (2, 9).

Our ijective wa§\to examine this problem of Raji assay with a new

\

approach. In th1s study we. have used the system of antlbody dependent

51

- cellular cytotox1c1tx\ (ADCC) w1th Cr labelled Raji cells as target, or

ADCC(Raji). This system is complement independent; antibody coated Raji

N

ce]ls are lysed by human K‘bq\ls, target 1ys1s be1ng measured by 51Cr
re]ease.( The K cell killing of Ra31 cells is medﬁated by warm-reacting
IgG.ant1bod1es directed against determlnants on Raji cell membranes.
The system is 1dea1 for detection of wafmiziéct1ng IgG antilymphocytic
antibodies which might give false positive CfQ\?etection by Raji-RIA.

Using ADCC(Raji) we have evaluated threé gggﬁbsxqflsélected sera
from (a) mu]tiparoﬁs women, (b) renal trahsplaﬁt recipie;€§ and (c)

; N} ,
patients with SLE. Results of ADCC(Raji) were to be compared with Raji-

N
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RIA for CIC to note the incidence of false positive reactions which

-could be attributed to these antibodies.

Materials and Methods

Serum samples were cgllected from (a) 25 renal transplant récipi—
ents at various 1ntervals§ter allografting, (b) 21 SLE patients at
\Various levels of disease activity, and (c) 21 multiparous women's sera,
known to contain HLA-A, B, C or DR antibodies after screening by well
established techhiquéj(lSO, 190). A1l serum samples were aliquoted and

stored at -70°C and thawed only once for the use in CIC assay. For

ADCC(Raji), serum samples were heat inactivated at 56°C in a water bath

. for 30 minutes.

ADCC(Raji) System

Target cells: 10 x 106 Raji cells in 100 microlitres of RPMI media
£ 51

with 10% FCS were labelled with 100 microlitres o Cr as sodium
chromate (Amersham, Canada) at 37°C for 45 minuteé in 5% CQZ-atmosphere.
Labé]]ed Raji cells were washed 3 times and resuspended in RPMI media
with 10% FCS at a concentration of 2 x 10° per ml. \

Effector cells (K cells): were prepared from heparinized human -

blood USing Fico]]-isopaqﬁe gradient Sepavation. Human peripheraT blood
lymphoctyes (PBL) of one donor (MﬁG}‘were used in all experiments to
exclude any influence due to variation of effec;dr cells. Final concen-
tration of effector cells was 10 x 106 per ml in RPMI media with 10%
FCS. | -
, Serum
Each test serum was used in quantities of 100 microlitres per test

. in serial dilutions to 1/16.
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Serum STIN was used as a positive control in all ADCC(Raji) experi-
ments. This -serum was obtained from a mu]tiparous woman and contains
antibody to a public or 'broad' DR specificity which includes DR3 and 6,
as descr1bed prev1ously from this laboratory (94). It had been estab-
lished that this serum achieved cell lysis by an ADCC mechan1sm.

Procedure for One-Step ADCC(Raji)

Tests were performed in 10 x 75 mm glass tubes with 100 m1cr011tres
of effector cells and 100 microlitres of test serum, in appropriate

51Cr label led Raji tar-

di]utions, in RPMI media with 25 microlitres of
get . cells. Final target to e%fector ratio was 1:20. Positive controls
were set up for each experiment with serial dilutions of STIN sera,
negative contro]s consisting of target and effector cell comb1nat10ns
with no serum added. After mixihg, tubes were incubated at'37 Cin 5%~/
co, atmOSphere for 4 hours; then 2 ml of cold normal saline solution
were added and supernatants separated from cell pe]]ets after

centr1fug1ng at 4°C at 1500, rpm for 7 minutes.
Procedure for Two-Step ADLC(Ran)

In this method preparat1on of the effector cells, medium and ‘other
test conditions was the same as in the 1-step method\except for the
following: |

i) Raji cell target preparation and pre-incubation with test
serun: The method of target cell sensitization and labelling as
describeddby Larsson,’Per]mann and Natvig (99) for chicken red cells was
adopted for Raji eeTTS in the fo]fbwing manner: 3 x 106 Raji cells in
50 ml of medium were incubated with 100 mi of test serum and 100 ml of

51Cr as sodium chromate (Amersham, Canada) at 37°C for 45 minutes in 5%

added CO atmosphere. At the end of the incubation period, cells were



\
washed three times in 50 times excess volume of medium and counts

adjusted to 2 x 10°

cells per ml.
ii) Effector cells were then added at an effector to target ratio
of 20:1 and

ii1) incubated for four hours at 37°C 'in 5% added CO, atmosphere.

2

iv) The rest of the procedures were the same as those of the 1-
step procedure described above. Each sample was run in duplicates with
appropriate controls included in each experiment. STIN serum and other

sera from hemodialysis and transplant patients were used as positive

controls while sera from normal persons served as negative controls.

Chromium Release Calculation for Both ADCC Systems

Slfchranium releasewas calculated from:

51 - . cpm in supernatant
Cr release (%) = ~—-momoommmmmo oo x 100
: cpm in supernatant + cpm in cell pellet -

-and percéntage of specific 51

51

Cr release frdm:
. { :

specific “"Cr release(%)

. experimenta1v51Cr refease - background 51Cf're1ease

e b T G """ TITTTTmTTosmmssmsmes GI-~"""oT=oT --=--- x 100
_maximum Cr release - background Cr release

51Cr release %rOm 51Cr labelled Raji cells was mea-

Maximum
sured By adding 500 microlitres of hemolyte’and’was about 90%.
Background release, as determined from eight consecutive experi-
ments , varied from 11.5 to 349, With a mean of 20.11 + 8.84 (S.D.).
A1l tests were done in dup]icaté. Variatinns between duplicates
were less than 3%. Mean Qalues from the duplicates of each serum
were employed for calculation of percent 51Cr rel ease and spec1f1c

51Cr release (%). Any serum showing spec1f1c 51Cr release greater



tHan 9.9 at 1:16 dilution was considered to be positive. Qualita-
tive assessment of specifié 51CY release observed at 1:16 dilution
of any serum was designated as follows:

Specific Slor retease (%) of:

0 - 9.9 = neéative

10 - 19.9 = +

20 - 29.9 = 2+

30 - 39.9 = 3+
E | - 40 - 49.9 = 4+ co )
A > 50 = 5+

—

Sler Raji cell

Complement Dependént Cytotoxicity (CDC) with
Targets: - C;E Raji ) |

This was perforped by thé standard protocol in our laboratory
for QDC(B) except‘that we havé used 51Cr labelled Raji cells as
targets. and determined specific chromium release instead of dye
exclusion as an end point. Briefly, 25 pl of test serum were
incubated with 25 ul °XCr labelled Raji target cells (1 x 10°/ml)
at 37°C x 1 hour(same incubation temperature as for Raji RIA) and
then 25 u1 of low tox rabbit complement at an appropriate dilution
were added, followed by a period of two hours' incubation at 37°C

(final incubation). Reaction was terminated by adding 2 ml of

cqld saline, centrifuged at 500 g for 7‘minutgs, and sﬁpérnatant
and ;ellet counté were measured in a'gamma counter.r Background
reactions were obtained by not adding complement to the targets,
total chromium release was obtained by counting after the addition

" of hemolyte solution. Tests were run with appropriate positive

samples (sera from transpfant and multiparous women) and negative

f,u =
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controls (normal human sera and AB serum) in each test. Specific
chromium release was calculated by the same procedure as the ADCC

system, cited above. Mean specific 51

Cr release (%) observed
among six different normal individual sera and pooled normal human
sera was 15.92 + 5.0 (S.D.) and that of a strongly positive'con—
trol serum (VE, a renal transplant rejected patfent) was 88.5 t
3.62 (six consecutive experiments). Therefore, specific chromium
release greater than 20% in a test serum was conSidered to be
positive and above 50% as strongly pos%tive.»

_ Determination of antibody class, in the test sera, was done
by their sensitivity to dithiothreitol (DTT) as described by
Pirofsky et al 1974 (156) and Roy etvdi 1981 (163). IgM
ahtibodies are destroyed by this substance as opposed to IgG.u

Reduction of specific chromium release to 50% or less than the

untreated serum sample was taken as DTT positive reaction.

Raji cell assgx f0r CIC (Raji~RIA) -.as described in page 15;
Results |
51CE release from Raji target was determined in four ﬁo
tive expérimeﬁts bf_ADCC(Raji) to establish consistency and repro-
ducibility in the positively reacting STIN serun. Specific >lcr

release (%) was 79.39 + 2.75, 75.73 + 1.48, and 70.65 + 6.68
(S.D.) at 1:2, 1:4, and 1:16 dilutions, respectively. A typical
ADCC(Raj i) experimenﬁ is shown in Tablell. It is of interest to
note that only the Ig6 fraction of serum STIN showed ADCC
activity.

Results of ADCC(Raji) and Raji-RIA (for CIC) are compared in

Tables 12, 13 and 14. Table 12 shows that only six of 25 trans-



plant sera were ADCC positive against Rajyi cells. Of these 3 were
positive for CIC by Raji-RIA. Among 19 sera negative for ADCC, 8
were positive for CIC. Thus there was no correlation between
antibodies directed towards Raji cell membrane antigens by
ADCC(Raji) and CIC as detected by Raji-RIA, (x% = 0.11, p > 0.95)
in these sera.

Results from multiparous women's sera are given in Table 13.
In 21 such sera, 9 were positive by ADCC(Raji) of which 4 were
also positive for CIC and for Raji-RIA. 1In 12 sera negative.in
.ADCC(Raji), 3 wére positive for CIC. These multiparous women's
sera can be subdivided by whether or not their HLA antibodies, as
determined by independent testing against panels of HLA-typed
1ymphocytes, were directed against HLA antigens known to be
present on Raji cel???‘gKEEC(Raji) positivity was noted to be
higher in those sera with specificity against Raji HLA antigens,
but this group Showed 16wer incidence of CIC positivity by Raji-
RIA. _§ome of the strongest reactors in ADCC were negative for CIC
in Raji-RIA, e.g. STIN, G256B and XZOOB. There was no correlation

between CIC and ADCC in this group of multiparous sera (x2

= 0.87,
P> 0.75).

In the SLE group 19 of 21 sera (90%) were positive for CIC,

most of them quite strongly (Table 14), but only one was\pdsjtive‘ e

in ADCC(Raji). This unexpectedly 1ow 1nc1dence of 1- step

‘b

LS
4\

ADCC (Raji) p051t1v1ty in SLE sera could p0551b1y be due- to block-'
. ade of K cell Fc receptors by immune c0mp1exes which wou]d prevent
detection of ant1bod1es directed to Raji cell targets. To éxam1ne

this poss1b111ty the author re-evaluated the SLE sera by tab 2??

1
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step ADCC(RaJi) system, In this system Raji cell targets were
Dre-incﬁbated with the test serun and washed three times. LEffec-
tor cells were then added and final incubation at 37°C was carried
out for four hours (see Methodology). Results of 2-step
h \\ ADCC(Raji) among control sera are shown in Table 15 and those of

KSLE patients in Table 16. There are no significant differences
between the 1-step and 2-step ADCC(Raji) results for SLE sera (see
Table 16), indicating absence of warm reacting antibody activity
against Raji cell targets and no evidence for inhigition of effec-
tor cell activity by presence of immune complexes. Additionally,
we tested SLE sera for complement dependent reactivity against
Raji cell targets by CDC(Raji) chromium release assay at 37°¢.
Four of the 21 SLE sera were positive by CDC(Raji) but only one
was mediated by I1gG antibody as determined by DTT reaction (see

- Table 16). In summary, it was found that only low reactivity by
SLE sera agqin' Raji cell targets at 37°¢ by either ALCC and CDC
reactions and believe such reactivity is not an important cause of

fal se positi\jty,in CIC (Raji) assays. -

Discyssion =
Raji cells have HLA-A3; All, BW4, BW6 and DR3 and DR6 deter-
minaﬁts on their surface (49). Mult1par0us women s sera selected
iy because of CDC ant1bod1es d1rected against these HLA and DR spec1-
A ‘fjc1t1es, al so had a high degree of reactivity in ADCC(Raji).
B ADCC(RGJ1) Was negative in all but two sera containing no CDC
ant1body to Raji. In one of these the presumed DR spec1f1c1ty had

not been defined by ADCC(panel cells); in the other serum,

WEIRSMA, broad reactivity had previously been found in ADCC(panel



to be d1rected against a pub11c specificity on B 1ympho-
:j:::ibx\ijﬁﬁig 13, sera 17 and 20). N B _ L

Anti HLA¥5?t1bodies‘frequent]y occur after multiple pregnan-

cieS'or_rena1;transplantation. Such.sera could give false posi-

tive results for CIC by Raji-RIA. In these two ‘groups of sera

there ‘was considerable reactivity in both Raji-RIA and ADCC(Raji)

(Tab]es 12 and 13), but the poor correlation between these two :
tests 1nd1cate§\%hat ADCC antibodies against Ra31 cell markers are |
not the cause of false pos1t1ve tests for CIC under the
,‘operat1onal conditions of Raji- RIA

| In selected SLE sera, CIC by Raji-RIA weré-detected'with high
frequency. This is expected as most of the sera were from
patients suffering from actfve disease. This group had- the lowest
incidence of ADQC antibodiésvdirected against Raji'markers. It
was conjectured that one reaéon for this might be blockade of Fc .
receptors on K cells by CIC aﬁd'thereby'inhibition of ADCC reac-
vbtions but this was shown not to be the case when SLE sera were
then tested in the 2-step ADCC‘assay (Table 16) whi%hiinvolves j
pré-incubafion with Réji cells with test sera, and then washing
prior to addition of K cells (step 2). B _ -

Pat1entsvu11n,§LE are known to -have a high incidence of co]d—

 'react1ng ant11ymphocytotox1c antibodies as detected by comp]ement
dependent assays (22, 125, 127, 173} 181, 191), but 6bservations
are discrepant regarding the optimal temperature for incybafion}
Some found maximum sensitivity of the CDC test at room temperature :
(181, 191). and others at colder temperatures (22, 191). Warm- |

reacting 1gG antilymphocytic antibodies n SLE have been described
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but seem to be present in only low amounts and may have only low
affinity (221). |

Woodroffe et a].;(226), usihg SLE sera which were CIC posi-
tive in Raji assi§, showed that 27% were posftiverfor‘antilympho-
cytic antibodies by complement dependent microcytotoxicity against

Raji cell targets, but performed at 20°C. This diffqrenpw‘ﬁwﬁﬂa-'

tion temperature for CDC between their data and ours m}*

o S

e medi-

R

e;planafion of discrepancy. Also, microcytbfoxicity mai b
ated by IQM wﬁereas ADCC is mediated by IgG. Also,; autocytoanti- ﬁ/fT
bodies in SLE may be unable to bind to Raji cells in the |

_ conditiong of the Raji-RIA assay. |

51Cr Raji targets at

chC experiments were carried out with
v37°C gpowe@,on]y 1 out of 21 SLE sera to contain . IgG against Raji

| cel]é.?‘oitutk and Terasaki (148) recéntly pointed out that in
SLE, as in many'other‘diseases, not only is antilymphocytotoxic
activity (aé determined by CDC) predominantly present at a colder
“témperature (SOC) and fs mostly directed against non-DR B cell
determinants, but these reactidns be;ame very wéak at 37QC, They
" postulate that these ﬁqn-specific cold-reacting lymphocytotoxins
are directed against surfaceilg of'Bvlymbhocytes and form com-
plexes.which aré)shed off atﬂ37°C.' Raji cells:lack in surface Ig
(192-194); this may be another reason for being unable to gorré-
late cold (5°C) or warm (20°C) lymphotoxins (against PBL or B
panel cells) with possible false positiyity in Raji-RIA..- Anderson
et‘al (9) have recentby described increased incidence of warm
reacting antibodies to Raji cells in Raji RIA positive SLE sera.

¢ o

They used‘pronase digestion to’strip off Raji cell complement
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receptors and compared 1251 goat- ant1 human FcY uptake of pronase
jd1gested w1th non-digested .Raji ce]]s. SLE sera, posat1ve by _
Raji-RIA, the" d1fference was found to be m1n1ma1 suggest1ng this
js due to presence of ant1 -Raji antibodies caus&gp false p051-
tivity for CIC The authors could not exclude “the p0551b111ty
that remaining Fc receptors (FcR) were still part1cv9at1ng in the
pronase digested Raji cells, by carrying out appropriate blocking
ekperiments. Pronese-digestioh can aleo induce membrane altera-
tions but ADCC reaction used by us avoids such alterations of Raji
celi membrane.

ADCC reactivic{ could be enhanced by 1mmdﬁe.comp]exes of
certain characteristic lattice structures (229) but that did not
;eeh to be the cése amcngst the sera of our SLE patients as
ADCC(Raji) by either 1 and 2 step reactions was the same.,
Although SLE sera appear not to have warm reacting antibodies to
Raji cells (and'low false positivity in Raji-RIA for CIC) euch
antibodies are preSent in the sera from multiparous women and’
after transplant rejeccjons.\ These are probably HLA related, are
,beasi]y detected by tqe ADCC(Raji) reaction, but even so showed no
statisticalﬁccrrelation with results by Raji RIA for CIC.
Conclusiaon , | | ;?h |

It is concluded that Igé, antibodies to Raji @ﬁgpranes are not
a s1gn1f1cant cause of” false pos1t1v1ty results in CIC detect1on

by RaJ1 RIA.

™
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A TABLE 11
Results of ADCC(Raji)* Experiment

"Qualitative

**k

Qualitative positivity:
observed at 1:16 dilution

: 5] Specific ‘Positivity ¢
Serum Samples Dilutions "°“Cr Release (%) (1 - 5+)
STIN serum C1:2 85.74
1:4 79.07 5+
1:16 84.22
** 1gG Fraction of 1:40 50.69
STIN Serum 1:160 54.17 5+
: 1:640 52.68
** IgM Fraction of 1:30 2.53
STIN Serum 1:120 5.34 -
1:480 5.84
DN: (Transplant patient) 1:2 12.61
- Serum 24, Table 2. 12 6.40 g -
- . 1:16 2.77
BH: (Transplant pat¥&nt) 1:2 73.56
" Serum 25, Table 2 ¢ 1:4 71.01. +
, 1:16 ' 16.52
FD: (SLE patient) 1:2 3.95
Serum 21, Table 4 1:4 8 9.53 - -
f 1:16 0.94
HG: (SLE patient) “1:2: 20.19
Sérum 18, Table 4 1:4 23.87 +
TG ) 1:16 19.39
9117A (Multiparous female) 1:2 ~3.68
Serum 21, Table 3 1:4 -1.40 -
1:16 5.33
- X733 (Multiparous female) 1:2 50.69 ‘
Serum 3, Table 3 1:4 54.13 5+
- : 1:16 53.09
* Target = 51Cr'1abe11ed Raji cells, Effector Cells - human PBL

cel]sofrom one donor, E:T ratio = 20:1, Final “incubation 4 hours
at 37°C.in 5% CO.,, atmosphere. .

IgG and IgM frac%ions were obtained by gel filtration of STIN sera
in a Biogel A.5m column.

assessed from specific ler released (%)

0 - 9.9 = - negative _ 30 - 399 = 3+
10 - 19.9 = + ‘ 40 -J49,?r= 4+
20 - 29.9 = 2+ : C 3 50 = 54

i
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' TABLEZR. .\,
ADCC(Raji) and Raji-RIA Results: Transp]aﬁf\Fatients
:i‘f. i i \\’\ wy
o e »
< Serum Raji RIA** . ADCC(Rain*
\ N L .
HL 10.8 43.67 (4+) .
ME 7.0 , 1.78
LW 6.0 -1.75
D 4.6 5.65
DN 4.0 F - 2.77
MK 3.9 -1.98
DE 3.7 40.26 (4+)
RB.. - 3.2 33.11 (3+)
SA - 2.4 -0.23 .
LD 2.3 -2.35
SB 2.0 -0.25
GE - - -5.04
MA - : 0.15
WR-. = T - : ‘ 0.42
KY - -0.81
HJ ' - 2.06
BT ‘ - 9.03
"GU - ' 12.79 (+)
GS : - 32.10 (3+)
sS | e - | s 0.23 -
WE Ced - 5,90
RD - - W -3.87
JI : g - -2.13
CL ‘ : - ’ 3.31 (4)
BH - A 16.52 (+
LN
A
51Cr

*  See footnotes * and ¢ of Tablel1l, expressed as % specific

release
** Ppositive results above 2 S.D. of normal controls
" . -'= negative (< 2 S.D. of normal controls).
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TABLE 13
"ADCC(Raji) and Raji-RIA Results: Multiparous Females
LA " ’ -
Antibodies &  Raji RIA** ADCC(Raji)*
Serum . (where knownfj (> 2 S.D.) . A

Grou

X733
Mart
X929
X898
X731
X732
X734
X752
X759
X899
8768
X200
G256

STIN

Grou

9117
9444
4000
7206
8032
9210
Weir

p [: Sera with antibodies to Raji HLA antigens «
e 6.8 53.09 (5+) -
ha D. DR3 4.9 33.93 (3+) e
2.1 1.62
2.0 ‘ 29.76 (2+)
- -4,42 .
- _ -0.34
Multi - , 4.23
HLA . - -5.12
A, B, and C - : , 6.02
- 4.79
B DR6, B5 - 6.51
B A3 - 51.40 (5+)
B Broad Anti-B - : 53.72 (5+)
DR3, DR6 ¢ _— 66.73 (5+)
p II: Sera with antibodies to HLA determ1nants not present on RaJ1
cells
A A2 ‘11.9 5.33
B B12 3.5 -0.03
G Al, DR 2.1 54.34 (5+)
B Al, B12, DR4 - 1.82
B DR7 - -8.24
2B B5, BW35 - 10.63 (+)
sma . DR4 - 18.69 (+)

A ' 2
See footnotes * and p of Tablel1l, expessed as % specific 51Cr

release

‘Detected by comp]ement dependent cytotoxicity assay CDC(B) except

serum 14 (STIN) which is done by ADCC(B), Ref 14

Raji HLA/DR antigens: A3, All, BW4, BW6, DR3, DR6, Ref 15
Positive results above 2 S D. of norma] contro]s

- = negative (< 2 S.D. of normal controls).
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TABLE 14

ADCC(Raji) and Raji-RIA Results:

Systemic -Lupus Erythematosus (SLE) Patients

.

~_
—

C Di seasew Raji-RIA* . A
Serum Activity (> 2 S.D.) ADCC(Raji)**
JL A 39.0 0.29°
PK A 20.5 2.17
ZA A 19.2 1.58
SL . N 18.9 4,36
LJd \Fgg' 17.4 1.16
SS e 16.9 4,93
EH A 16.8 ~-0.90
MA A 16.2 0.97
AL A 15.9 -4.41
MWK A 15.5 -1.02
KR A 15.3 1.57
RY - A 14.6 0.42
FD A v 13.3 0.94
MM A 11.5 1.06
SE A 10.7 -0.32
EA A 10.4 -2.75
HG . A 4.5 19.39 (+)
SM A 3.2 ~-1.41
SB A 2.6 3.39
FJ - IA - 2.94
FL IA - -2.94
* See footnotes * and p of Tablel1l, expressed as % specific 51Cr

release’.
o A = active, IA = inactive



TABLE 15

ADCC(Raji): Comparative Results of 1-Step and 2-Step Tests

A. Controls

ADCC (RAJI)
1 - STEP ‘ 2 - STEP
Serum Sp 51Cr.R(%) Score +- Sp 51Cr.R(%) Score +
NHS 1 6.1 - 5.0 -
6.8 - 3‘9
6.9 - 1.3
NHS 2 8.2 - 5.5 -
STIN (MP Q) . - 71.9 5+ 32.8 3+
R N 70.7 5+ 20.9 3+
, : 717.5 5+ 22.4 3+
Sera of Rena] Transplant and Hemodialysis Patients **
VE 73.0 5+ : 61.5° 5+
84.8 5+ _ 66.8 5+
' 76.9 5+ o 54.7 5+
BR 7 84.1 5+ 42.8 4+
LA - 80.7 5+ 53.2 5+
DR 75.4 5+ » . 57.3 5+
SE 47.3 4+ ‘ -2.5 -
ND . 42.9 4+ . 13.3 +
CGE ‘ 39.3 3+ 3.1 -
9 - , 0.5 -

BS . 7.

*  STIN = CDC(B) Negative | o
** ALL SERA CDC(B) Positive to panel cells (variably)
+ See footnotes ** and p of Table 11 A
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TABLE 16 -
B. ADCC and CDC (Raji) Results in SLE Patients

Specific 2lcr Release (%)
CDC (RAJT) ¢ : " ADCC (RAJI) *

DTT ° .
Serum ) Rx . 1 STEP 2 STEP
ZA 90.16 + 51.22 1.58 0.97
MA 88.15 + 41.00 0.97 4.22
JL ©82.11 + 48.20 0.29 3.76
MM ; 47.72 + 53.03 1.06 : 1.62
SM 19.07 -1.41 5.54
FD 15.70 0.94 4.06
FL 15.18 -2.94 - 1.62
RY 14.46 0.42 2.24
sL 12.81 4,36 ND
FJ 12.69 " 2.94 3.99
SS ‘ 12.65 4,93 4.39
PK 11.55 ' _ 2.17 7.32
AL 11.45 . S -4.41 2.84
SB ' 11.28 3.39 3.19
KR 9.72 : 1.57 2.87
HG 8.10 19439 (+) 0.95 -
MWK : 6.50 -1.02 1.75
EH 6.50 . -0.90 4.32.
Ld 6.12 1.16 3.21
EA 5.50 - -2.75 3.54 .
SE 4.52 T -0.32 4,

* See footnote of Table 11,

1 cDC (Raji): §?mp1ement dependent cytqtoRicity tesgs carried out with
Cr labelled Raji cell targets at 37°C with logltoxicity
rabbit complement (see Methodology). Specific “"Cr
release (%) greater than 20 is considered a positive
test. '

° DTT - DithigthretiOJ - 0.01M solution, pre-incubated with test serum
at 37°C for 15 minutesg; abolishes IgM bearing reactions (Ref 163).
Requction of specific ~"Cr-release of 50% or higher than
untreated sample is considered to be a positive test.



Chapter IV: Cystic Fibrosis and CIC

_1. Review of Literature

‘ Cystic fibrosts (CF) is a genetic d;a@ase and one of the commoner
inherited diseases amongst Caucasian children occurring with a frequency
of 1 fn 2000 births. Disease is transmitted as an autosomal recessive
trait and has no correlation with HLA antigens” (58, 98). Clinically the
disease is characterized by abnormally thick secretions from mdcus‘
glands which lead to pancreatic insufficiency or pulmonary fnsuffi-
ciency. There is also increased concentrations of sodium and chloride
in sweat.

The main clinical features are related to pancreatﬁc insufficiency
and chronic, diffuse, obstructive pulmonary disease.

CEarly diagnoﬁis, prqphy]aétic therapy and frequent laboratory
clinical examinations have resuited in a better»life expectancy in these
patiéhts. It has improved from 2 years fn 1948‘to 19 years at present
(32). Despite progregg‘in overall management ‘of these patients recur- '
rent pulmonary infection still remains the major cause of‘death among
this gkoup of patients (225). | |

2. Lung lesions and Immunity in. CF Patients

CF children are born with normal lung structure (15, 46, 225) and
protective function, eg. intact bronchoci]iar& prbpu]sive fugption, and
}a1ve01ar macrophage phagocytic function (15, 17,-19, 46, 225) (non-
specific protection)., There also is normal specific immunologic pro-
tection from sérum and bronchial secretions containing normal concéntfa—
tions and_funcfioné of immunoglobulins (178, 187), complement broteins
(169, 213) %;zymes and B and T Tymphocytes (73, 75). |

AN

61



62

The earliest pulmonary lesions are dilated and hypertrophied
bronchial glands with metaplasia of goblet cells ‘of bronchiolar epi-
thelium (15, 46, 232). Thick viscous secretions from these hyper-
“trophied glands Jead to plugging of peripheral airways and functional
obstructive lung disease initiaﬁ]y. Later infection superimposes
purulent secretions leading to bronchiolitis, bronchitis and
bronchiectasis.

Gradually, repeated infections cause permanent lung damage and
obstructive bronchopulmOnéry disease. Autopsy findings from 82 CF
patients did not reveal emphyséha beiow fhe age of 2 years but this
finding increases progressively in older patients (15). Obstruction by
chronic infection and more tissue damaée cause§§? vicious cycle, with
progressive loss of pulmonary functions and eventua11y death; this is
the major cause of death in patients with CF (42, 46, 72).

Lgng lesions are not specifically related to any specific infecting
micro-organism but certain pathogenic peculiarities have been noted.
The initial flora usually includes staphyIOCOCCus aureus which is then
replaced by gram-negative bécteria duch aslPseudomonas aeﬁroginosg (PA);
the latter has becbme the predominapt inhabitant in recent years (71,
123), indicating a cﬁénée of flora related to antibiotic therapy.
Smooth strains of PA are soon replaced byk“mucoid" sfrains; this is
rarely encountered;in any other form of pseudomonas infection (46, 71,
114). However,rpseudomohas vasculitis (which is characteristic'of PA
bacteremia) has not been observed in CF patients (50, 51). Other Micrq-
organisms like Haemophilus-inf]uénzae, Proteus, E. coli, andAAspegil1us
have also beeﬁ found in these patiénts with a’]bw.preva]enée, and sys-

temic infections from these micro-organisms are rarely ever reported in
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CF patients. The infection is Tocalized to intrabroncho-alveolar lung
tissue only (17, 225): |

Humoral immune responsiveness to bacterial infection remains
intact. CF patients pﬁoduce greatef levels of antibody to PA, staphy$5f
coccal and Haemophilus infection than other patients with infection from
the same agents (46, 71, 72, 74). No defect has been found in humoral

‘reSponse to routine immunization in CF patients using various bacterial
bo1ysaccharide antigens and measles, poliomyelitis and influenza vac-
cines (32, 72). Lipopolysaccharide antigens of Pseudomonas (PA) also
provokes normal humoral responses even in CF patients who already have
Pseudomonas infection (7é, 153). Nor is thefe evidence of defective
function of neutrophils, complement proteins, B ahd T lymphocytes or
alveolar macrophages although there is early loss of propulgive
bronchoci]iary transport mechanisms (non-immunologic) (46).

Because of these observations (of intact immune responsiveness to
chronic persistent pulmonary infection in CF patients) some'have postu-
lated that systemié immune complex mediated lung injury (Type 111, Gell

Vand‘Coombs) could occur in these patients in addition to the already
ongoing progressive lung damage. Soluble bacterial antigens forming
immune complexes (CIC) with specific antibodies would, according to this
hypofhesis, mediate immUne-comp]ex-mediating injury to the lungs (120, .
136, 169). |

The first report (120) favbring this concept was an autopsy study
where immune'cbmplex déposjts containing 1'mmunoglobuh'n,.C3 an- C5, were
demonstrated by immunofluorescence in lung, trachea, stomach and pan-

creas. Immune complexes were then also detected in serum and sputum of

" living CF children. The antibody class of Ig in these complexes was

-
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mainly 1gG or IgM. :kfer"gﬁ

”;b ﬂe;zﬁi%§howed Cross reactﬁvity to
various human tissue antigens, bov1nevse %%éﬁ¢%uﬁiﬁ&éaﬁA) and hem01¥s1n.

A second report (169) showed evidence of immune comp1bnes in sermmy

sputum and at dermal-epidermal junctions; these were more prom1nent 1n

-og

CF patients with PA infection than without it. ' -

U
b 4

A

Theréafter other investigators found an increased prevalence of CIC

CF patients compafed to various control populations (16, 131, 136). 'A
summary of these different observations is given in Table 17. "

Attempts to characterize the antigenic mdiety in CIC eluates have
had different success rates in different laboratories. Some detected’
antigenic BSA or alpha- staphy]ococcus hemolysin (120) whiié others found
antigens of PA (136) or ]1popo]ysacchar1des (LPS) of PA antigens in PEG
 prec1p1tated IC (16). These studies are not.conc]usxve, but point to
the heterogeneous nature of sero-anfigens;

Recently attempts have been made to use CIC results in ‘interpreta-
tion ofkﬁlinica] course and monitoringrbf the need for antibiotic treat-
- ment in these patients (131, 132); this is similar to procedures recom-
mended for patients suffering from subacute bacterial endocarditis (SBE)
(13, 14, 122). - |

3. Existing Problems in CF Patients and Role of CIC

Recurrent and chronic lung infection, partfcu]ar]y with PA, remains
the most frequent cause of death in CF patients (46, 71) and poses a
very difficult therabeutﬁc prbb]em requiring early diagnosis. It has
" been shown that early diagnosis and aggressive therapy 6f PA infectioq
reduces mortality in CF- patients (71). Bacterial culture results are'

not always helpful in this regard and it is postulated that rising
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anti-PA antibodies or rising levels of CIC miﬁht have greater prognostic
b;udies have been made to see‘if antibody~1eve]s to‘PA antigen(s)
clarify;the question of éctuai reinfectioﬁ versds mucOid colonization
(228). Antibodies to PA are detected. by various methods (hemagglutina-
“tion, agar-gel prec1p1tat1on, agg]®%1nat1on etc.) (44, 63, 228). These
assays have yar1ab1e degrees of sens1t1v1ty and varying ability to dis-
tinguish between mucoid co1on11ation:and tissue re-infection. Crossed
couhter immunoe]eetrophoresis wiéh PA complex antigens (71) and solid
phase assay with PA-LPS antigens (131) are sbphistieated techniques

which have been described, but are also not completely freelfrom cross &

. . . o ) ‘ 3 SN
reactivity with other bacteri®l antigens (71) and are not available f% a .ﬂwe

& T,

routine basis. . . - | K

Detection of It in serum or Sputum of CF patients is also under
st 1nvest1gat1on to 1mprove the diagnosis of t1ssue re1nfect1on from mucoid .
colonization. . Momt’omng of CIC levels has been\‘ound usefu] in chronic
(]ow'gradé),heaht'valvevinfection in subacute bacterial endocarditis H
(SBE). | In this diseaSe blood cuT;ure occasionally is negative yet |
d1sease act1v1ty corre]ates to €IC leve]s and has “been successfu]]y
managed by ant1b1ot1c therapy chtated“§y changes in CIC 1eve19 (12-14,
122). "Use of CIC Tevels in CF patients with 1nfect1on would thus be of t

i great clinical help in the antibiotic management of such patients if the

el
Pl
;vr

,.:».,.

‘ev1dence showed a similar correlation. 3

4. CIC in CF Pa11ents
£ .

Objectives of the study B “y

Our studies have been directed at: R | :

a) Reéexmnination'of'prevalence_of CIC in a-CF popu1atioq using
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_ | : -y - -
the modified Raji-RIA (not previously reported in the medical
"literature) in comparison to a method previously reported by
others;'the Clq bindihg assay, Clq-BA. RajiﬁZIA readi]y picks
upﬂigG‘cbntaining CIC which also bear activated complement |
co;honents (C3b and C3d) and could be a better indictor. of
disease activity (194). |
. b) Exami#ation of the relationship of important clinical
_parame;ers of CF patients and CIC levels:
(i)  Rulmonary function tests
(i1) .Significant bacterial growth in sputum (éo]onization
| ”qounts)» N =
(iii) Overall disease activity_evaluated by the Shwachman'
scoring system. | -\
'é) Seria]‘bbéervatiéns of CIC Tevels in some of the CF patients.to
note any ch@racteristic'patterns. ‘ v
d) On the basis of above observations, to eyaluate the value of
CIC measurement in clinical management of CF patients

5. Patients and Methods . ' v

Patients

;§_,,48 chi]dren;attend}ng the CF clinic of the\Univerﬁity'o% Alberta
Hosﬁfﬁal, constituted the patient population. . Median age of these
patients was 10 years, ranging from 1-25 years. = Twenty of 48 patients
were female. " ‘

Clinical diagnosis and follow-up of these patients was done by Dr.

Y

F. Harley. No patient presented with any clinical and 1aboratory‘fea-
! . \ ”

< tures suggestive of overt gastrointestinal disorders: Lung disease,

With or wfthbut_infection, was the main clinical presentation. Squﬁ?

) '

»
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patients needed frequent hospitalization for control of pulmonary infec-
tions. Six patfents died subseqdent]y during the\study period (three of
them being females). |

Serum samples for CIC were collected from each of thése'48‘patients
on at least one occasion. Serial samples were cdl]ected from 36 of
these patients, particular]y‘those requiring medical checkupé‘for ehgst
ﬁrob]ehs. These constitute a specially selected sub-pqpu]ation of the
CF‘populatioﬁ. |

.Sputym samples weré obtained simulitaneously for bacteriological
culture as well as at more frequent intervals. In 29 patienfs_pu]monary
function tests were a]s& measured on the same day as serum samples were
collected for CIC. Laboratory tests were ana]yzed_without know]edge of

’.

the simultaneous evaluation of clinical status.

Control grQups:

a) Healthy children: Serg@sapmples from 40 healthy children were
f g 0

collected concurrently. They f&l&iﬁ% group of normal controls. Median

age of this group was 9 years (rang

o

2-25 years) and 24 of them were

females. i

b) Subacuteﬂbacteriql eridochrditis (SBE): 47 serum samp]es'weré

tested for CIC from 14 patients (age 4-79 years) with confirmed
diagnosis Qf SBE; : ] ,

Methods : ' \\\

a) CIC levels were measured b;\EESd-RIA and Clg-BA.

b) Spuﬁuh cultures: Quantitative bactério]ogy was done oh speci-
‘mens for full identification and antibiotic sensitivity on all u§ua1 (
pathogens'such as Pseudomonas,‘Haemophilus, Staphylococcus, Grbup A
Streptococcus. |

-T.t;fé‘/m 5
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Organisms isolated at a specific dilution were_reported accerding
to the following grading system:
. Grace |
N |
0 = No growth
.1 = Scant when it is cultured on only the undiluted plate.
| 2 = Few when it is cultured up to 1072 djlution.
*3 = Moderate when it is cultured up to 1074 dilutions.
4 = Many when it is cultured up to 107® dilutions.
Growth of micro-organisms at_grade 3 and 4 was taken as
"significantly pos1t1ve bacter1a1 cu]tures . |
c) Pulmonary funct1on tests: Pulmonary function was determ1ned by
measuring vital capacity (VC) aﬁd forced expireéfry volume in one ‘second
These meésuremenfs were.méde using a g?dalt Pulmotest. Pre-
’ ;‘Vhrmalﬁvalues for VC and FEV1 were obtained from Weng and
Lev1nson (214) and the CF&A%&; expressed as percent of predicted norma] ‘
va]ue | The sum of the perceefJof pred1cted va]ues for VC and FEV, wa§
used to obFaln a pu}monary functlon score; the greater the score the
better 1; pulmonary funct16;E(188). Ana]ysys of ﬁther routine pu]monary‘
function testé']ike residual,vo]ume (RV) and total 1ung cae;cﬁty (Tl e

‘were done but not analyzed, because they are known to have poor

-reproducibility in CF children (188). ;

d) Overall clinical severity of the disease activity of CF

pattents: This was determined By the sShwachman scofihg system

-

(Appendix 4). Scoring of 1nd1viﬂua] patients was done independently by
Dr. F. Harley who had no know]edge of the results of GIC, sputum cul-

/ture-’s, or pulmonary func,tion tests. The s'%,orewas"doyf’on t&ame day

et

as that on whi®h specimens were-obtained;

- . -
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e) Stastical éna]ysis between CIC levels and other.parametérs was
hone by Student's "t" test, Chi square, anq analysis of correlation
coeffecients with linear régression.

Results

Prevq]énce of CIC in CF-patiénﬁs was found to beggfgnificant]y
higher than in the healthy children of similar age group (Figure 9 aﬁ&f\
Table 18). This fact\was born out ffom both single point‘and serial
study:resu]ts. ~Raji-R“IA was more frequently positive than Clq-BA (Table
18) indicating, presumably, a higher prevalence of‘IgG complexes bearing

i

fixed components of C3.

The relationship of CIC’IDY‘éva]ence and pulmonary functions is_shown
7 o g m,{f‘

in Figure 10. Patients with CIC in serum have more detgr#

pulmonary function than those without (p < 0.05, Fig. 1@ 3 “3f§re

is a high]y‘sﬁgningant correlation between
~ . R py :

. i
pulmonary function score (p < 0.005)%

.

Significant degrees of bacterf

6 dilutions) in CF sputum
. .

»fh | sence of CIC in serum (p < 0.01). " (81%) of significant bacterial

growth was due to Pseudomonas aeuroginosa. Sputum culture results and

8

Shwachman score also correlated significantly (x2 94, p <,Q.OOS).

6. Discussion

oy

The correlation of CIC prevalence (in serum) with poor puTmonary
A8

function and significant degree of sputum4bactef1a1 growth (most]y with

PA) suggests tnggTEpe'presence of CIC in serum would be qssociated w{th
LR %?1;',5 ) ) - . *‘

poor overall prognos%s. Thig 1sjfurthér éupported by the following:

@
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Table 18 |
Prevalence of CIC Among Cystic Fibrosis (CF)

and Other Groups of Popu]ationS'

Groups CIC Positive - RifuIts
n Raji RIA * Clg-BA  Combined
] .
Normal controls : t
40 subjects « 40 2 (5.0%) - 1 (2.5%) 3. (7.5%). -

CF patients (a)
48 patﬁeﬁts'

‘single point study 48 18 (37.5%) 5 ¢10.4%) 20 (41.6%)
kY " "\\: ‘

CF patients (b) S
48 patients
providing 175 samples - . kg&-

o, , 3

(on1y 18 had one

“sample only) 173 63 {36.4%) - 22 (12.7%) 74 (82.8%)

r

Subacute bacterial ' ) i

2
s

endocarditis | ‘ ,

14 patients 45 31 (68.9%) 16 (35.6%) 36 (80.0%)
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CIRCULATING IMMUNE COMPLEXES (CIC)

IN CYSTIC FIBROSIS:
Relation with PF Score

on Score

Pulmonary Functi

e

Fig. 10. CirEﬁJéting Immune Complexes (CIC) in Cystic Fibrosis:

.Relation with PF Score
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CIRCULATING MMUNE COMPLEXES &N CYSTIC FBROSIS
-Relation with Shwachman Score
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a) ;Six patients who died during the 10 months of this étudy'a11
had CIC in their sera as wg]] as recurrent pulmonary infections
with Pseudomonas.

b) !|Overall severity of disease in CF is represented by the
hwachman scores.” In this study, this correlates significantly
ith reduced pulmonary function scores (p < 0;001) and;with

slgnificant sputum bactéria] growth (p»( 0.05). Prevalence of
serum CIC correlates well with both PF scores and bacterial
growth (p = < 0.05 and < 0.01, respectiv . -

This implies that CIC prevalence would tor;:Tiii with disease
severity or low Shwacﬁman scéres.u However, examination of this point
reveals poo} correlation (p > 0.0é) between CIC and Shwachman scores as o
shown in Figure 14.

§i§hwachmaﬁ.écorgﬂofJéQ,or'be]ow-is evidence éffaqvanced disease
with pérmaﬁegp emphysema. Score;’be1ow 55 indicate more severe per- -
manent lung damage.ﬁ Analysis between a Shwachman score above or below

70 and prevalence of serum CIC shows that the serum 1f of the more
; ill pah%ents.contain CIC, but half do not (Figure lj&s is equally
true if the cutoff for thE‘Shwachma; scb?é is 60 or 50, suggesting that
CIC positive serum occurs on]yvin about half of CF patients even when
far advanced in disgase (an obsérvatibn somewhat in contrast to that
“reported in é) above). |

i
¥
'

Conclusions

e
hd

Tenta;iveiy it is conq]uded that either: i

a) Occurrence of CIC in CF patients max»be an epiphenomenon and

has no specific significance; or .

76
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b) CIC in serum of half the patients who have advanced to serious
clinical stages is because there are two different mechanisms
of advanced disease: one mediated” by IC and the other non-IC
mediated. Further, one would postulate that half of the
advanced CF p:tients have aknon-IC mediated process whereas the
others may have both.

-

There is no conclusive evidence 1in the literature in support of
this hypothesis other than suggestiye findings as shown i; Tab]é 17 In
attempting to find evidence to interpret these possibilities we made the
following observations:

a) Serial observations in two ideptical twins having similar

_degrees of illness as measured by Shwachman scoré; at the
starting point ofkthé observations, showing two different
patterns of ,prevalence of CIC (Fig 12). This does not indicate
two forms of the disease and the reason for the striking d
difference is not apparent to us.

b) Other .CF patients with qdhparable severity of clinical disease

(measured by Shwachman score}:and living in the same environ-

mental conditions (brothers) _ "’ also may have a

simf]ar dichotomy in CIC preva]énce as seen iﬁ Figure 13.
c) Other patients with equal severity of illness can also show
| this disparity in prevalence of CIC as seen in Figures 14 and
15, | ¥
Sgcond]y,'the re]ationsh{p of FEVl/VC scores with CIC results was
examined, it was noted tﬁat CIC negative patients had scores falling N

absolutely in the normal zone of lung functions (Figure 16), whereas

others were mostly in obstrictive and obstructive (emphysema), and
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Fig. 14. CIC in Cystic Fibrosis, Longitudinal Stddies by
Clq-BA. Results in GG, Malk 15 Years. |
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restrictive (lung fiprosis) zones, as expected. No results fall in the
restrictive category only. A critical look at the puré]y obstructive
group in comparison w{th those with both obstructfve and restrictive
diséase also fai]svfo reveal that CIC prevalence distinguishes between
them. ‘ i | ' A N

‘The data, therefore, is consistent with the possibi]ify that immune
complex-mediated lung damage may be occurfing inwai least haif of
advanced CF patients, but further sfupy is certainly indicated to verify

this possibility. SN
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ChaPter V: Antibodfes to DNA&CXC in Patients Undergoing Long Term
‘ Hemodialysis

Damage to the formed elements of blood had been found»to occur
during hemodialysis, during its passage through the dialysis membrane.
Nuc]ear debris from the damaged 1eukocytes has been shown on dialysis -
membranes using electron. m1croscopy and other techn1ques (7, 112).
Ste1nmann and Ackard (1977) described release of free deoxyribonucleic
acid (DNA) into the circulation during hemodia]ysi; (184). ,CircuTation
of free ONA and other nuclear antigens: during hemodialysis might there-
fore lead to antibody formation. Nolph et al (l}f; have claimed that
gntibody formation to native DNA (n-DNA) and otherﬁnuc1ear antigens
occurs in a significant proporﬁion of hemodialysis patients in
comparison ‘to non-dialyzed rheumatoid and other control populations.

To our presenp knowledge no disease state other than systemic Tupus /,//.
erythematosus (SLE) is known to be associated with free circulating DNA
and specific antibodies to native DNA; Hemodialysis would be a similar
datrogenica]ly induced state though it is also unknown to what extent
free circulating DNA and/or 1ts ant1bod1es cou]d cause damage to
patlents on long-term dialysis, either a]one or in the form of antigen-
antibody comp]exes |

Interpretation of current meéthods for antibodies to n-DNA is
‘complicated by the presence of single stranded DNA either as single
stranded DNA (sé DNAW'or single stranded ~regions within primarily duplex

md1ecu1es. The p egence of ss-DNA is probab]y reSpons1b]e for ;he’

reported incidences of antibodies to n-DNA in states other than SLE

(107).



In a recent study (33) we used improved techn1ques to measure anti-

bodies to ss-DNA and n-DNA amongst 48 patients in chronic maintenance
1

hemodqa1ys1s, byt failed to detect such antibodies. Our results thus
differed -from that of Nolph et al (137).

Besides techhich] differences, ahother important question remained
unanswered, i.e. whether such antibodies-werelin the form of circu]atihg

y ’ - a
immune codiplexes and thus accounting for “the Tow incidence of antibodies

-

to DNA reported in our study (33).

1. ObJECt of the Study

a) To evaluate ant1bod1es to h-DNA'in chronic dialysis patients in
comparison to non-dia]yzed rehal patients with advanced renal
. disease;
b) To measure CIC on the same serum samples by Raji RIA and (1q-BA
assays; and -
c) To characterize DNA - anti-DNA complexes froh'sera"positiVe for’
: CIC by DNAse digestioh.
2. Patients |

Treatment group

<

(a) Serum samples were collected from 53 patients undergoing'main—
tenance hemodialysis. End Stage renal- disease was due to chronic
g]omeru]onephritis (28 cases), polycystic kidney disease (7 cases) or
chronic pyelonephritis (12 cases). Four had diabetic nephrOpathy One
patient developed renal failure from Alport's d1sease and another from
Fabry's disease. Pat1ents with known or suspé%ted SLE or other connec-
t1veft:;sue disorders were not included in the study. The duration of

d1a1ys1s in these patients varied from two months to ten years w1th a

mean period of 23.8 months. Fourty—n1ne_of the pat1ents were using a
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Dow holloQ fiber dialyzer and four a Gambro dialyzer. Twenty-four of
the patients had previous transplants which had failed.

Control group

A\
Serum samples were collected from 25 patients who were attending

renal clinic.at the Universjty Hospital. Fourteen were suffering from
active idiopathic glemerulonephritis and 11 from chronic g]omeru]o—
nephritis. Six of these 11 cases had end stage disease b ‘‘mad not yet
been dialyzed. None were suffer1ng from SLE o gthu*!poi‘pttiyn tissue
diseases. All were under the care of nephro]onMfﬂE“@vermty of
Alberta Hospital. ‘ )

3. Methods

Antibodies to nuclear antigens

Antibodies to nuclear antigens were measured in all groups using

>standard teéhniques: |

i) Fluorescent antinuclear anfibodieé (FANA): Fluorescent
antinuclear antibodies were detected by expoging 1:10 dilutions of
patient's serum to rat liver substrate using a standard technique.
Attached antibedies were detected by a fluorescinated conJugate antigen
to whole human serum (Cappel ‘Labs. )

\ii Native DNA (n-DNA) antibodies: Antibodies to duplex DNA were
measured us1ng a synthetic po]ynucleot1de poly deoxyadeny]ate deoxy—
thymidylate (po]y dAT). This was synthes1zed from a reaction m1xture
consisting 6f 50 mM potassium phosphate, pH 7.5, 5 mM MgCl2 and 2 mM
each of dATP-déoxyadeninetriphosphate and dTTP-deoxythymfdinetriphos-
phate in the presenpe of E coli DNA polymerase. This antigen was found

to be 100% duplex in néture (183). Antibodies were measured by a



Millipore filter technique based|"on the fac{ that, DNA that has reacted

with protein develops an affinity for nitrocellulose. <

A 0.025 ml volume of undiluted test serum was\gently mixed with

4

0.01 ml of 3H-DNA solution (9.2 mg/di). Following incubation for 15 -
- ' ’

minutes at 37°C, the mixture was| passed through a 4.5 ym Millipore

filter (Millipore, Canada). The|test tube and filter were washed three

~

times with 5 ml citrate buffer, pH 8.0, and once with 5 ml disti*%ed'

-

H

water. After drying under an infrared lamp, the filters were placed in
10 m1 OPO Toluene and counted for 10 minutes in a liquid scintillation
counter. V f

Upper limits of normal for poly dAT were calculated as the mean & 2
SD of binding in sera of 195 non-laboratory pensonne] and were fouq?igtff'
be 10%. This method detects ‘IgG and IgM antibol\)‘djgs and was found two kﬁ:
highly positijg in SLE sera (98 6ut of 105).

i1i) Measurement of CIC levels:

i) Raji RIA - as described in page 16
ii) Clq BA - as described in page 20
iv) Characterigation‘of DNA containing comp]eies: This was done
by digestion of CIC positive serum samples With DNAse as described by
Cano et al (23) and Bruneau et al (21).

Briefly, 10 pg of freshly prepared (200 ug/ml) stock solution of
DNAse 1 (D-4763, Sigma Chemica1; St. Louis, U.S.A.) in PBS, was added to
100 ul of test serum and digestion allowed for é hours at 37°C.

Digested and non-digested serum samples Qere then subjected to Raji RIA
for CIC under same experimental day and conditions. Dilutions of

‘digested and non-digested sera were adjusted similarly to a final dilu-

tion of 1:4 in PBS before adding to Raji cells. Quantitative differ-

8/
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ences in the uptake of 1251 anti-human [gG in the Raji-RIA between
digested and non-digested Sufﬁmxgabld signity change due to DNA
contalninq’comploxes. |

For control evaluation threge selected sera from SLE patients and
three samples of in vitro prepared UNA~§nti—DNA complexes were studied,
antigen excess by adding calf thymus DNA (Worthington Chemical Co, N.J.,
U.S.A.) to a lupus serum containing high level of anti-DNA antibody
(77.4% binding).

Sefa fraom fen healthy blood bank donors (NHS) were also run in the
same experiment to give baseline uptake of 125I anti-human IgG by Raji
cefls for ‘the day of the‘experiment. |
Results

Antibodies to n-DNA were detected in only two of the three dialyzed
patients and one of the 25 non-dialyzed renal patients (Table 19). This
Tow incidence of antibodies to n-DNA was confirmed by our subsequent
study. | |

N CIC leve]s among these sera, detected by two different methods, was
positive in 17 of 53 dialyzed patients of whom 15 wére positive by Raji-
RIA and 3 by Clq-BA. Six samples from 25 nonidialyzed renal patients
were fqund to be positive by both methods, 6 by Clq-BA and 5 by Raji-RIA
(Table 19 and Fig. 17). Prevalence of CIC between the two groups did

not differ significantly (x2

= 0.53, p > 0.25).
DNAse digeétion of CIC‘positive sera did not produce any signifi-
cant change in Raji-RIA (13 of ‘15 positive samples) indicating absence

of DNA containing éomp]exes (Fig. 18) (p > 0.50).

Hy



TABLE 19

Prevalence of antibodies to n-DNA and 10

among dialyzed and non-dialyzed renal patients

+

Renal Antibody to ~CIC POSITIVES
Patient Serum n-DNA +f
Groups Samples  Positives X Raji-RIA E]q—BA Combined %
(n)
Dialyzed
patients = 53 53 2 15 3 17 32*
Non-Dialyzed s
(/

patients = 25 25 1 5 6 6 24*
+

positive values representing 2 SD aboye mean of normal human sera
(NHS) in each test

- detected by poly-dAT binding: > 10% binding representslpositive
values: 4 out of 195 non-laboratory controls and 95 out of 105

SLE sera showed positive values (33).

* p > 0.25; not significant

HY
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QC1indca1 detai]s of the three patients positive for anti-DNA anti-"'’
hodies are»given jn.Table éO:' One (MR) was also found to be persis—
tehtiy posttivé’ih ourﬁtrevious study on serial samples (335, another |
(SE) had Crohnfs-diseasg; | |
4. Discussion | L Q N

Discrepanc¢ies which currently exist on the prevalence of antibodies

dto”ﬁative DNA can be accounted for either by theﬂtechnique used to
_detect them or. .by the structura1 characteristics of the DNA.antigen.
" The most widely used techniques for measurement of DNA antibodies are

,the Rarr assay (224), the Millipore Filter Assay (56), and the immuno-

f]uorescence techn1que (1) using Cr1th1d1a 1uc1}J1ae as substrate.

While each of these techn1ques has 1nd1v1dua] merit, comparative stud1es

usqng these three methods have shown a good degree of correlation (27,

37). . The hemagglutination method of Nolph and colleagues (4) is not

‘wfdeTy used as it may have reduéedusensitivity, preferentially detecting

IgM'antibody, while possessing good’specificitya(34 92). It has also

“ been shown to corre]ate poorly w1th the previous techniques mentqoned

(31)

B
Al

An a]ternat1ve exp]anatton may rest in the nature of the DNA anti-

. gen. The presence of single stranded DNAror s1ng]e stranded regions

.‘ w1th1n the supposed]y doub]e stranded -DNA preparat1on may lead to the

detect1on of ant1bod1es to s1ng]e stranded DNA. ‘These antibodies are'
not: d1sease-spec1f1c.v Their detection may account for the reported
incidence of antibodies to natiVe'DNA in conditions other than SLE.
Purification of DNA preparations by removal of single stranded DNA
determinants has been shown to enhance spec1f1c1ty of assay fof ant1-

bodles to native DNA (107 166, 222).- wDeSPYtF attempts at pur1f1cat1onl,

w



some-DNA preparations still contain single stranded'DNA fragments (35).
This prob]ém~hay be overcome by the use of synthetic poly-dAT as |
described by Steinman (185) and as apb]ied to the Mil]jpore Filter Assay
- by Lentz et al (100). This antigen, beéause of. its inherent biophysical
. properties, does not contain single §tranqed regibns, but reacts as
native DNA in rad{o-immune‘assays. GoodACOrrelation exists between
antibodies to poly-dAT and native DNA. /

Poly-dAT bin&ing technfque, used by .us, detects both IgG and IgM
antibodies. To permit both types of antibodies in the immuite complexes
to be detected, we selected more than one CIC assay: Raji-RIA detecting
1gG bearing, C3b‘and C3d fixed complexes and Clq-BA detecting both IgM
-and IgG bearing complexes. Both assays are highly "sensitive" in -
‘clinical disease of SLE (23, 25, 97), Réjﬁ sltightly higher than Cl1g-BA
(97, 199) am;’also'detect in vitro prepéred'DNA-anti—DNA complexes (23,
25). |

The prevalence of CIC among dialyzed and non-dialyzed renal
patients was similar, 34 and 24 percent respective]y,gand_did not differ
sjgnificant]y (p > 0.25) indicating no extra influence of dialysis
technique in the genesis of CIC. "DNAse digestion, also, did not give
~evidence that .these complexes contained DNA.

It was aTso‘noted,greater preVa]ence of CIC by Raji-RIA in sera of
dialyzedkpatients (15 out of 17) than by C1q-BA (3 out of 17),.Qhereas,
} in non—dialyzed réna] patients, CTq—BA'and Raji-RIA gaQe‘similar inci-

dence -(in 5 out of 6 positive results). Thus additional positivity of

Raji-RIA could be dué}to antilymphocytic antibodies produced by previous

renal transplantation or blood transfusions. This would cause false

94
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_positive Raji-RIA assays if they attached directly to Raji cell membrane .

antigens{f ] : o

}t was noted that 24 of 53-dialyzed patients had had previous ;enal
trapép]ants and 25 had received previous Q]bod transfusions..‘Cumulative
‘pléod transfusidﬁs‘aﬁong these 25 patients varieﬁ from %ne unit to 90

\units, the average being 14.9.

| Correlation between CIC positivity by Raji RIA and prgvious irans—
plantation was not statistically significant (x2 = 1.8, p > 0.10), as
noted previoué]y (Table 12), but corre]atiohﬁwith.cumu]afive blood
tfahsfusioq'was significant (x2 =.9{0, p < 0.005), see Table 21.

As chronic dialysis patientsctould have persistént ADCC of CbC
anti-HLA a;tibodies as a}resu]t of prior transp]ahtation and/or blood
transfdsions, the author analyzed further the 15 Raji-RIA positive sera.
This coﬁsisted of a Search for ADCC and CDC antibodies against.Raji
cé]]s, i.e. usinngICr-Raji-cells as targéts, at 37°C as described
earlier. These tests are denotéd as ADCE(Raji) and CDC(Raji) and com- ’
parisons were made with CDC (B) done at room temperature against a‘paﬁey

: [ ) J
of 21 different panel B lymphocytes (Tab]e_22). :

’ L

It was found that 8 of 15 Raji RIA positive sera were also positﬁve
by 2-stép ADCC(Raji) gnd 9°'by CDC(Raji). Also nine of the 14 dialysis
seraSWere‘positive agafnst pane1 B cells in the CDCA(B) test, at 20°CW

For the specific purposes of this study thé‘of 2-step ADCC (Raji)a

was more suitable in detection of false positive reactions in Raji RIA

because the 1-step ADCC (Raji) reaction and CDC reactions are influenced

by immune comp]gkeé,'jf present in test sera, and because CDC reactions
- may also be mediated by IgM antibodies. Panel cells in the CDC(B) at

20°C have HLA antigens other than those known to be present in Raji

95



TABLE 21

Raji-RIA for CIC in hemodialysized patient sera:

Relation with previous transplantation and b]ood transfusions

Raji-RIA
n  positives x2 p
. : "\ ’ *
Total sera 53
Total Raji-RIA positives 15
I. A. Preygpus transplants (Tx) 24 9 « 1.82 > 0.10
. ‘ '_” o not
) ~ significant
B. Previous blood transfusion BTx 25 12 9.04 < 0.005

significant
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cells, making invalid this approach as. a screening for sera likely to
give false positives by Raji-RIA.

Based on these considerations it was found that 8 of the 15 Raji-
RIAlpositive dialysis sera could be due to antibodies to Raji‘cells, but
could also have immune complexes as well. Assuming these 8 were false
bositives, the true prevalence of CIC positivity among the dialyzed séra
would be 9 (17%) (7 positive by Raji-RIA and 3 positive by Clq-BA) which.
was simi]a; to non-dialyzed renal patients (24%).

6. Conclusions

AntipodiesAto n-b do not occur in dialyzed renal patients in
comparison to non—dia]jied renal patients. These also do. not exist in
the form of DNA-anti-DNA.circu]ating‘1nnmpe complexes. | i

~The detection of CIC by Raji-RIA in subjects who have had much

exposure to foreign %110antigens is fraughf with difficulties some of

- which can be overcome by use of a 2-step ADCC(Raji) assii;///

-

' -



Chapter VI: CIC in MS Patients

1. Introduction

CIC in MS
The pathogenesis of multiple sclerosis (MS) Eemains undetermined
'though’the association of several imhuno]ogic abnormalities Suggests an
autoimmune aspect in this disease. These include abnormal cell-mediated
responses to nervous tissue antigens (159, 217), abnormal suppressor |
cell populations (10, 57, 168), increased incidence of anti-DNA (174},
anti-measles (4), cold reacting anti-lymphocytotoxic antibodies (96,
172), and altered responses to viral antigens (llb, 160). Recently ~_
.circulating immune complexes (CIC) have been described in MS sera witﬁ}
variable frequency and without any correlation to disease activity (38,
59, 80, 81, 171, 186, 203). These studies ére difficult to interpret
because they employed different CIC assays in small numbers of patient
~samples. Moreover, it was establiéhed by the WHO multi-centre study
that the frequency of CIC detection in a specific disease entity depends
uponlthe type of assay used (97). Nevertheless, the demgnstratjon of
IgG and complement in the plaques of MS Tesion in the brain (227),
activation of serum and CSF complement in active MS (115), increased
production of 196 in CSF (151) and detéction of CIC in MS sera all
suggest that immune’compiexes might play a role in the pathogenesis of
MS lesions. |

Experimental allergic encephalitis (EAE)khag many pathological and
immunological features which resemble human demyelinating disease (MS).
This @utoimmune disorder of the central nervous system is produced in
animals (mohkeys, pigs, rabbits, guinea pigs, rats, and mice) by inocu-
lation with myelin basic protein (MBP) in.complete Freund's adjuvant

%
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(151). Cell-mediated and humoral immune responses to t;e sensitizing
antigen occur concomitantly with devefopment of experimental disease
(62, 121). In MS, investigators have reported cell-mediated immunity to
MBP in vitro (88, 105) and antibodies to myelin or crude CNS antigen \
preparations (106, 165).
Primary myelin destruction occurs in MS; and MBP or a fragment of
MQP is reported‘ih CSF of patientshwith the disease (29, 215) and levels
may fluctuate with disease actfvity (28, 93). There is also evidence
for individually specific formation of IgG o]igéc]ona] bands in 90% of
CSF of MS patients, by agarose'ge] electrophoresis, which may be suffi-
ciently specific to "fingerprint" a particular MS patient, only the
levels varying in different phases of the disease (170, 83). This
excess of immunogiobulin is produced in CNS (138) and sometimes contains
antibodies to one or more viruses'(ZOO, 207) although most of the oligo-
clonal IgG banés cannot be. removed by absorption with viral antigens-
(207), representﬁng antibodies to other unknown antigens. Older
techhiques failed to show antibodies specific to MBP (138, 151), but
recently IgG antibodies seecific to MBP have\been demonstrated by solid ‘
phase RIA in the CSF of MS patients (149). It’wbuld seem therefore |
thaf, as a part of defective 1mmun6regu]ation in MS (mediated possibly
by viruses), there may be repeated damage to myelin sheaths'with releasg
of MBP or fragments of MBP and autoantibodies cbu]d be produced against
them, and immUne cdmp]exes gou]d form between MBP ‘and anti MBP. |
" Demonstraiion of sﬁch éoﬁp]exes,wouldVstrengthen'the hypothesis of
autoﬁmmuﬁity in MS but would not .explain their role in immunopatho-

genesis. Reports of immune Comp]exes detected in MS sera and CSF give
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no information ot the antigens in such complexes (38, 59, 80, 81, 171,

186, 203).

Objectives of Studying CIC in MS Patients

a)

2.

Because of wide variation in reports of the prevalence of CIC
in MS patients as well as in their relationship to disease

actﬁvity, the author wanted to re-examine these questions using

three CIC methods each based en differing biologic principles.

 This would be done on a large number of samples and evaluated

in a single blinded fashion.
Secondly, an attempt was made to characterize the antigenic
moiety in CIC eluted from serum of MS patients as to whether or

not it contained MBP. The possible significance of this

antigen has already been discussed.

Materials and Methods

Patients and Controls

a)

MS patients: Dr. K.G. Warren was responsible for the diagnosis

of MS and subsequent allocation into four clinical subgroups. At the

time of serum sampling, he did this in-ignorance of the CIC results.-

The clinical subgroups were:

1)
2)

-acute relapse, with or without optic neuritis§

progressive - where the disease is progressing year by year
without any clinical evidence of recovery, some progressihg to

death;

remission - samples taken within a month of clinical recovery

from an acute relapse; and

stable - as progression year by year but with stable neurologic

deficits.



252 serum samples trom 254 patients were analyzed.  Anongst these
were 111 females. Patients' ages ranged from 16 to /3 years (mean = 39.
years).

b) Neurologic Controls: Sera from 34 patients sutfering from
neurologic disorders other than MS were used as one control group.
Patients in this group included several types of acute and chronic
neurological disorders, namely Guillian-Barre Syndrome, Bell's Palsy,
acute disseminated encephalomyelitis, myasthenia gravis, acute meningo-
myelitis, brain tumdurs, acute cerebrovascular accidents.

Sera from MS and neurologic controls were prospectively collected,
divided into aliquots, coded and stored at -70” by KGW. Coded samples
were assayed for CIC within 8 weeks of coliection.

Distribution of patients in the MS subgroups and neurologic
~controls are shown in Table 23.

c) Normal Controls: Serum samples from 116 healthy blood donors

were simultaneously examined as normal controls.
CIC Assays: Raji-RIA, Clq-BA, and Bovine Conglutinin binding assay
was used. .

Bovine-conglutinin binding assay: Technical details of the assay

have been described by K.V. Johny et al (85) and is currently in use in
our 1aboratdry. Normal values were 3.0 + 2.9 as mean and 1 SD. Results
above 8.8 were considered abnormal and expressed as % binding of 1251
bovine cohg]utinin.

Isolation and Characterization of CIC From joi Cells

This was done by adsorption of CIC from serum of MS patients onto

Raji cells followed by acid elution with isotonic citrate buffer using

104



(V]

techniques described by Theot vlopoulous et al (196).  Detarls are Jiven
i Appendix 3 and b,

a) Raju Llution: Briefly 30 x lUb Raji' cells were incubated at
37°C tor 4% minutes with 200 ul ot test serum and were then washed three
times by wash media. Raji cells with adsorbed CIC on their surtaces
were then incubated for 7 minutes in isotonic citrate butfer (containing
1% BSA) at pH 2.8 to 3.0. In previous kinetic studies we found that
incubation beyond 7 minutes would decrease Raji cell viability (data not
included). Cells were then centrifuged at 500 g for 7 minutes at 4°C
and supernates were collected, coded and passed on for SDS-PAGE
analysis.

b) SDS PAGE and RIA for MBP: Coded samples from acid elutions

were passed directly onto % SDS polyacrylamide gels. Subsequent gel
electrophoresis separated the peaks of MBP which were then identified,
after elution from gel, by Dr. S. Sutherland using techniques well
established 1ﬁ Dr. McPherson's laboratory and described in detail in
Appendix 5. .

MBP or its fragments are detected, according to their molecular
weights, in 3 different peaks: <(a) Peak I = "MBP" - molecular wt
18,400, (b) Peak II = "fragments of MBP" - molecular wt < 18,400 and,
(c) Peak III = "high molecular wt MBP" - molecular wt > 18,400 = "Big
Bp"

Quantitation of the MBP is expressed in ng/ml.

:

" Statistical Analysis

(i) The author used the large sample approximation of Irwin Fisher
Exact Test. Although the numbers in MS subgroups were not equal the

minimum number of patients in each group was 20. Therefore a large
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sample approxtmat ton to the hypergeometric distorbutton to calculate /
scores between groups ot CHC results, by Trwin Fisher Pxact Jest was
used.  Stnce 1t is expected that scores of attected populations should
exceed those of unattected populations, one tailed tests were used.
Theretore any calculated / score which equals or exceeds 1.6b represents
d difteruﬁcv between groups which is signiticant at an alpha level ot
0.05. In all cases, the / score was calculated by subtracting the
values of the one group from the other, positive scores signitying a
higher value for the second group.

(i1) Chi-Square test was used for testing tor association between
HLA antigens and C1C positivity.

3. Results

Prevalence of CIC in MS

Table 24 compares three different CIC methods. CIC detection was
more prevalent by Raji assay than Clq or Bovine conglutinin assays.
Overall incidence of CIC amongst these 272 samples by combination of
three methods is found to be 34.9%.

As CIC were detected most frequently by Raji assay, the author \
compared the incidence of Raji positive CIC in the different clinical
subgroups of MS patients with other neurologic disorders (neurologic
controls) and healthy blood donors (normal controls) as shown in Figure
19. 8.6% of neurologic control sera were positive by Raji RIA in com-
parison to 29.4% amongst MS patients. Three positive sera in neurologic
controls were from patients with myasthenia gravis, without thymoma (2
cases) and a patient suffering from mumps meningitis. ;Statistical
evaluation of the comparative incidences of CIC between different sub-

groups of MS patients and neurologic control group is shown in Table 25.
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MULTIPLL SCLEROS TS

a4)  Acute relapse

b)  Progressive

¢} Remission

d) Stable with deficits

TUTAL
NLUROLOGIC CONTROLS:

Viral encephalitas

Herpes simplex virus encephalitis
Herpes Zoster (thoracic)

Herpes Zoster ophthalmicus
Vestibular neurositis

Mumps meningitis

Measles meningoencephalitis
Bell's palsy - acute

Guillain Barre syndrome
Myasthenia Gravis

Cerebral atrophy with tremor
Parkinson's disease
Cerebrovascular accidents (acute)
Meningioma

Post polio muscular atrophy
Atypical facial pain

Headache NYD

Depression

HEALTHY BLOOD DONORS

23
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66
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TABLE 24

, Incidence of CIC in Muitiple Sclerosis (MS) Patients
co : by Three Different CIC Assays
MS Disease Raji  Clg-BA___ Conglutinin-BA cic
Subgroups: N % + % + % + %
Acute
relapse n=28 27 33.33 14 -17.28 4 4.9 32 39.50
Progressive n = 96 29 30.20 14 14.58 4  4.16 37 38.54
Remission ~ n =69 18 26.08 7 10.14 - 4 5.79 18 26.08
g
Stable with # »
© deficit n=26 6 23.07 5 19.23 0 X 8 30.76
GROUP TOTAL 272 80 29.41 40 14.70 12 4.4 95 . 34.92
. R ,:;7,4

+

CIC*

]

individual serum sample

positive results in-CIC > X'+ 2 S.D. in each assay

cumulative pdsitivity whenTone or moré assay is positive:in
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Fig.

19.
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Figure showing the prevalence of circulating immune comp]exes
(cIc) among st mu1t1p1e scleros1s (MS) pat1ents and controls as
detected by the Raji cell assay (Raji-RIA). Results are

éxpressed in S.D. units above the mean (see Methods) The

values around the normal mean are indicated in the shaded areas

_at the base of the graph.
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TABLE 25

Comparison of Incidence of CIC Positivity Amongst

Subgroups of MS Patients and Neurologic Controls"

MS Disease

_ Subgroups

- Acute Relapse
Progressive
Remission
Stable with

deficits

Remission

Neurologic Stable with Progressivé

Controls deficit

Z P(z) T P(D) z P(Z) Z  P(2)
2.48* ,007* 0.1+ ;50+ 0.965+ .17+ 0.44+ .33+
2.31* .011* -0.30+ .48+ 0.579+ .28+ X X
1.87* .031* 0 + .99+ X X
1.27+ .102+ X X

significant

+
"

~N
]

P values are obtained from standard tables from Z to P and given as P(Z)

v
1]

not significant

Detailed CIC data is given in Figure 19

scores from large sample approximation of Irwin Fisher Exact Test
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Patients in acute relapse and progressive-disease differ very signifi-
‘cantly from the neurologic controls. Patients in remission also dif-
féred significantly from neurologic controls, but ;o a 1esser'extent
than'the patients in-acute relapse and progressive disease. This may
indicate that, although clinical remission has occurred, biologic
remissioq may not yet have occurred. Patients who are stable year after
year, with neurologic deficits, did not differ significantly from the
neurologic confro1s. Thus our results show a positive re]at1onsh1p
between CIC and disease act1v1ty in MS, although there is no significant
difference between any single MS clinical subgroup and any other
subgroup. ' ‘

Characterization of cIC by Raji Cell Adsorption and Acid Elution

A total of 26 MS sera were used for adsorption and elution from
Raji cells and subsequent characteriiation of MBP or 1ts.fragmenfs.
~ Seventy-five percent of the MS samples were positive for MBP but corre-
Iatfon with CIC positiVity by Raji-RIA inboriginal serum was not
significant (p > 0.10) (see Fig. 20, 21, and Table 26).

Serum samples from non MS neuro]ogic‘controls which were subjected
to the same‘analysis included five ffom non-MS demyelinating diseases
and one sample of myasfhénia gravisvwithout thymoma (Table 27). Out 6f
all of these controls, only one ;as positiveﬁfor MBP, a casevofbherpes
virus encephalitis. '

Other controls cons1sted of 6 highly positive sera for CIC by Raji
RIA, from 4 SLE and 2 SBE pat1ents - disease conditions where chance of

demye11nat1on would be remote. None of these samples were positive for

MBP (Table 27).
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Fig. 20. RepreSentative Myelin Basic Protein (MBP) Peaks as Detected by

RIA for MBP- Following Elution of SDS-PAGE of Raji Cell Acid

Eluates.
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TABLE 26
Quantitative Results of Myelin Basic Protein (MBP) in M.S. Sera,
Isolated From Raji Cell and CorrESpond1ng Results by Raji-R1A for CIC

M.S. MBP* ) ~ Raji-RIA
Sample . Equivalents BPI** for CIC
Code No. (ng/m1) (ng/m1) . (S.D. units)

42 24 14
52 33 \
. 281 6 %
. 331 , 1 s
CSF :
CSF
335
113
127
424
571
564
325
309 -

. L]
TBOO~

¢« o 0
OO~ P~ -

. .
W~

O NOWOWONWOOSOUHXTOARNOO &m0 A -
L ] L ] L ] [ ] ] L ) - ] . .

N

[¥e)

N
owé@OonO‘obwo.—aH.—-oOopoo
O~HONOO— OO OCOoOOOOOROOFND

L]
To sl S I NN

+ = Same patient
= Cumulative~results of the three MBP peaks quant1tated by RIA (see

text)

** = Quantitative results of MBP peak 1 on}y.
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TABLE 27 | | |

Results of Rajﬁ Cell Acid Elution of MBP: Control Groups

- MBP - Raji-RIA
equivalents for CIC
ng/ml S.D.
a) Neurologic controls: )
1. Herpes'virus encepha]itis 7 0
2. Herpes virus encephaljtis 0 ' 1.6 -
3. Guillain Barre syndromg 0 0.6 -
4. Guillain Bafre»syndrome 0 1.1 -
5. Viral encephalitis ‘ 0 0.1 -
6. Myasthenia gravis | 0; 8.1 (+)
b) Non neurologic controls:
1. SLE (active disease) S AR
2. SLE (active disease) 0 27.6 +‘
3. SLE (active disease) 0 5.2+
4. SLE (active disease) ; . 0 - 8.8 ¢
5. Subacute bacterié]tendocarditis (SBE) 0 '>24.8 v
6. Subacute bacterial endocarditis (SBE) 0 7.4 + .
c) Other contfo]s: o
1. :MBP in acid buffer ‘ - 200
2, MBP « MBP in vitro éomplex NHS 6
3. NHS : ' : 0
4. CSF.(MBP RIA 18 ng/ml) | 0 -0 -
5. CSF (28 ng/ml) 0 0 -
6. Raji washings 0
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Correlation Between Myelin Basic Protein (MBP) Isolated
From CIC and Raji RIA ’ :

(y)
- 507

-

40-

-

30

-

201

MBP EQUIVALENTS, ng/ml

{ o2 3 4 5 6 7 8 .9 10
RAJ! RIA (SD)

Fig. 21. Correlation Between Myelin Basic Protein (MBP) ISOi}ated From 3
_ CIC and Raji-RIA. |
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Positive controls were'prepared in vitro by making complexes of BP-
anti-BP which were added to NHS,.which was positive for MBP after acid
e]utidn from Raji cells but NHS alone was not (Table 27). MBP added to
the buffer alone was recovered from the gel without any denaturétion.'
This.indicafed that the acid buffer (isotonic citraté buffer at pH 2.8 -
- 3.0) did not interfere with isolation of MBP in this system.

Raji cells were incubated in wash media and washed three times and
treated similarly with acid buffer wihtout adding human‘sera. Supernate
of these Raji acid eluates didfnot show the presence of MBP on repeated
testing indicatingrthat experimental conditioné‘would not cause MQP to
be released from Raji cells. Thi$ is referred to in Table 27 and Fig.
20 as Raji washings. |

Samples containing high éoncentration of'BP (but not complexed with
antibody) were tested for binding to Raji cells and.subﬁequent elution.
Two CSF samples, from MS patients.which had high in MBP by RIA dfd not
show any MBP (Table 27) in Raji eluate. Raji-RIA was negative in both
the samples. | |

| Thus the results show that CIC in MS,contéin MBP, and controls do
not.’

4. Discugéfon _ »

Table 28 lists the incidence of CIC in MS in recent pub]itatiohs
compa;ed to our own results. Most studies show serum CIC to be present
in a significant proportion of Ms patients, though the incidence varies.

Our data, thé largest series of patients evaluated to'date, also confirm
this. Not only’does the incidence of CIC vary, but so do the methods .
used fér their'detection (see Table 28). A1 authors but qhe do not T

find corre]ation between serum CIC and diSease activity, though one



TABLE 28

CIC Results in Multiple Sclerosis Patients:

Comparison of Literature with Present Study

116

| Authors

CIC Methods  MS “NHS OND
n % n % n *
+ve +ve tve
1 Tachovsky et al(1976)'8% Raji RIA 67 49 27 15 55 21.8
2 Jacques et a1(1977)180  (1q-PEG 38 29 3% 0 35 8.6
3 Goust et al(1978)1%°  (ig-pEg 19 14 16 15
4 Jans et al(1980)18! ¢, TAT 53 40 N
5 Deicher et al(1980)!3% * C1g-PEG 98 26.5 118 2.5 42 14.3
6-schockett et a1(1980)}7! c1q-pe6, 48 8.3 200 ND
© Raji-RIA siblingg 7 0
7 Troullas et al(1980)29% (1q-PEG
‘(sporadic) 77 43 67 12 ND
first degree relatives 48 52
;(familia1) 9 0
A first degree relatives 26 0
8 Present study (1981) Conglutinin-BA,
| , Clq-PEG,
Raji RIA 272 34.9 116 7.7 34 8.8

"OND = Other neurologic disorders
NHS = Normal human, sera
- ND = No data

* cases, not %
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notes some relation with "acute bouts of the disease" (38); Comparison
of these studies is made difficult by: diversity of assays employed;
the small number of patients studied; and lack of standardization of
criteria for disease activity.

Assays for CIC are known to differ in sensitivity and specificity,

probably reflecting the biologic diversity of the complexes, as each

depends on.different CIC characteristics (97). It is therefore impor-
tant to use a battery of tests to cover different characteristics when
studying unknown CIC. In our initial studies, therefore, we used thtee
different methods: a) Clg-BA: detecting complexes with IgG and IgM
class’and activating complement via the classical pathway; b) Bovine
conglutinin-BA: detecting complement-activating complexes With bound
C3bi; and c) Raji cell RIA detecting IgG type complement-activating com-
plexes, predominantly by bound C3b (i94). In MS patients the incidence
was 4.4% with conglutinin binding, 14% with Clq-BA and 29.4% with Raji-
RIA. Previously, Tachovsky et al (186) noted a high incidence of com-
plexes in sera of MS patients using Raji assay, but they made o
comparative observations with other CIC methods.

A proportion of MS patients déve]op anti—]ymphocytotoxis antibodies
(96, 172) which, if capable of combining with antigenic determinants on

Raji cells, might be a cause of false positive results with this assay.

“Although we have not specifically tested our MS sera, we believe false

positives would be minimal as the anti-lymphocytotoxic antibodies
described were éo]d reactive (96, 172). .

Our neurologic control group had a similar CIC incidence to normal
controls and differs significantly from sera of patients in acute MS
relapse or with progressive MS disease, but not from the 26 samples from

.
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patients with stable MS. 1his demonstrates a tendency for association
between CIC and disease activity in MS. Patients in clinical remission
also had higher incidence of CIC and differed signiticantly from the
neurologic control group. This may reflect the fact that, although
patients may be clinically improved within a month or so of an acute
ré]apse, some aspects of biological remission have not yet occurred.
This conjecture would justify the use of serial CIC measurement as a
guide for evaluating completeness of remissions after acute relapse.

Some pathological findings in active MS lesions favour cell-
mediated and immune cmplex (IC) mediated injury (10, 115, 159, 217,
227). Immunog{obulins are found in the‘walls of blood vessels close to
areas of MS\iﬁflammation, areas which will subsequently become areas of
demyetlination (189, 227). However the precise mechanism of IC mediated
injury is not known. Our data, showing a degree of correlation between
serum CIC and MS activity, was a stimulus for isolation of complexes and
examination for MBP content.

These findings‘support a concept of autoimmunity in MS, similar to
that in experimental allergic encephalitis in animals, but does not
define the role of CIC in pathogenesis.

Conclusions

1) There is an increaséd prevalence of CIC in MS patients in the

active phase of the disease;

2) Raji-RIA reveals a higher incidence than Clg-BA and

Conglutinin-BA; |

3) Some complexes eluted from Raji cells contained MEP as an

antigenic component, in contradistinction to CIC eluted from

sera of other diseases.



Chapter VIL: General Ilu cmu'.-,ivw ”

1. ngﬂpummtﬁ\ﬁspmws

Antigen non-specitic methods ot immune complex (1) detection have
general limitations: i) wide vdridtion occurs in the same disease when
comparison is made between difterent methods or by the same methods in
different laboratories; ii) they lack specificity; iii) it is usually
not possible to isolate antigens from CIC for animal immunization to
produce antisera or to establish pathogenicity by other means.

Some of the drawbacks of CIC assays lie not so much in techniques
but in thg kinetics, in vivo, of IC formation and clearance associated
with changes from antigen (ag) excess to antibody (ab) excess, or from
smaller to larger complexes, or from one antibody class to another.
Different CIC methods vary in their ability to detect IC of different ab
class, size and zone of IC formation (Table} in Chapter [). It would
not, therefore, be expected that any single CIC test could fulfill the
task of detecting all forms of CIC. Other reasons for wide variations
in results between methods are due to: i) lack.of commercially avail-
able pbtent and stable biological reagents such as human Clq, Rheumatioid
Factor (RF), Bovine conglutinin, etc.; ii) lack of uniformity in the
panel of tests in individual disease states and; iii) 1aqk of assay
standardization and quality control. A WHO study in 1978 (97) compared
18 different CIC methods in 300 pathological sera. Only six of 18
methods were "sensitive" enough to be used further. Raji-RIA and th-BA
were two of the six best methods recommended.

Tge WHO study (97) also recognized the problem inherent in the use
of heat-aggregated human gammaglobulin (AHG) as the standard. Standard
- AHG preparations were found to be quite unstéb]e»(180), as also noted by

<
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others (90, 116, 147, 205). We also tound this to be so.  Dissoctation
or selt aggregation ot AHG molecules occurs on storage even at room
temperature tor LY minutes (90).  This leads to unreltable standard
curves.  Aggregates can be stabilized by adding BSA (90) or by alkali
treatment (210), but 1251 labelling was used to reveal stability ot IgG
aggregates (90).  Recently another method for checking ayygregate size
has been described (116) which claims that BSA addition is not necessary
if batches of 1gG are carefully selected but no data were given on stor-
age beyond several months. We, on the other hand, have shown that serum
from a SLE patient (LJ) run in serial dilution yave better standardiza-
tion than AHG. We also demonstrated that aliquoted LJ sera could be
used for a period of one year without change in reproducibility (Table
6, Chapter [Il) but we have not compared LJ sera titration with any of
the stable AHG preparation made with BSA.

Even after selection of a supposedly stable batch of AHG, other
critical proplems remain. Heating of human IgG causes aggregation of
20% of the total content into macromolecules varying from 40-400 S in
Svedberg Units (147, 208). Concentration of AHG may be similar in
different batches but these would give no assurance of uniformity in
aggregate size in different batches (90). Aggregates of standard size
and lattice structure are critical for IC determination (egq. C activa-
tion, RF binding, etc.) and determine sensitivity in different assays.
Therefore, the use of AHG for standardization is scientifically unaccep-
table when one realizes that such standards contain different polymers
of aggregate binding as well as concentration. Mere expression of

concentration without size specification is misleading. For this reason

our use of in vivo LJ sera and reference NHS is better, but the ideal

12
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solution would be to have in.vitro prepared stable IC or AHG aggregates

~ _ of>defined polymeric size. This is currently under investigation in a

second WHO study (216). :
oot . m‘

' ‘Kfter we had modifed (improved) standards for our Raji assay, we

 noted that this assay was more often positive than other PEG deendent

" Y N .~ \ - ’ .“ .
assays done in our laboratory, as 1S also reported in other comparative

studies (25, 45, 84, 97) and referred to, in the first ‘WHO study, as

- higher "sensitivity" of the Raji assay (97). We believe that this is

“due to the presence of various types of receptors on Raji ce]ls wh1ch

are also’ respons1b1e for the1r "broad reactivity", as they would pick up
all types of complexes. ‘ "

- The ch1ef limitation of the Raji- RIA 1ike any othe; CIC method
based on a ce]l Tine, is: 1) the time and expense required for ma1n—
tenance of the cu]tured cells and, 2) that such cells will react with

) &
antibodies directed aga1nst their membrane ant1gens to give false pos1-

" tives. Although ma1ntenance of cultures is expenslve, it ensures the

v . . Q\. N
purity of -the biologic material. This is not the case with other
methods of CIC assay which lack uniform preparation of reagents (eg.

human Clq or RF). Regard1ng the second limitation, we have data to show

| that ant11ymphocj¥1c antlbodles are not an 1mportant cause of false

2

positive RaJ1 assay when the conditions are known and defined. Using -

the same 1ncubat1on temperature (37°C ) as for Ra31-RIA, we used the

* specific target (Slchromium-labelfed Raji cells) by ADCC(Raji) and

. CDC(Raji). We found no significant increase in warm reacting anti-Raji

1

- membrane antibodies of 'IgG class in SLE sera. For accurate assessment

of CIC in transplant rejeetion sera or multiparious or mu]titransfuse&

sera, ADCC(Raji) and CDC(Raji) are important to exclude faTse-positive >
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reactions (Chaptef III, Section 5), however it was believed that false
positivity to Raji assay by antilymphoeytic antibodies has been over-
emphas1zed in 11terature by noting reactions against panel B cells at
~ different thermﬁl 1ncubat1on but not using Ra31 cells as targets at
37°C. Recently Ma1n1 et.al (1980) (76) have 1nd1cated Raji assay may
detect antinuclear antibodies of different types, i.e.kanti-RNP, anti-
ESmA, etc., but we have not 1ooked into the relevance of this finding to

false positivity of our Raji data.

2. Clinical Aspects

IC's are formed in vao in normal subjects under certain circem-
stances (41, 129) and probaQ]y have uSeful nennal immunologic function -
(141, 164, 194). In IC-mediated désease,'due to imbalance in the normal
fegulatony immune fdnctions, a heightened 1evel ef CIC is found espe-
cially in cases of pers1stent antigenemia, eg., chronic 1nfect1ons like
SBE (13, 14), malaria (212), etc., with lymphomas (161, 194), me]anomas
(161), and autoimmune diseases 1ike'SLE (3,5, 24, 25, 36, 66, 68, 103,
206) and rheumatoid arthritis (91, 95, 143). The patho@enicity'of these
high levels in CIC detected in the above sjtuations4is not underétood
and in those situations where there is pabr correlations with disease
activity such as*me]anpma (161), they may b€ epiphenomena and not patho-
genic; in.othervsituaﬁions,such as SBE, they may cause the secondaky}
manifesfations of disease and CIC monitoring is also a valuable index of
the effecp; of treatment. N
| we have here attempted to determine the value of CIC measurement in
three selected, c11n1ca] situations and to understand better the

relationship of CIC to 1hmunopathology.
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In hemodialysis patient sera, we have failed to confirm existence
of anti-DNA antibodies either in free form or, as DNA anti-DNA complex.
‘This may dispel a misconception in the literature: thagidialys{s can
causelDNA antibodies or immune complexes with DNA tq develop. In cystic
fibrosis, we‘have identified a subgroup of'pétieﬁtS’with poor pulmonary
function and high CIC levels, anq another similar group of severe ill-
ness With no CIC. The data bring out the necessity of further longi-
tudinf] studies and lead us to postu]ate'that a group of cystic fibrosis\“
patieﬁts developed IC-mediated 1un§‘injury. If this fact is borne out
by further study in this 1aboratory.and'other 1§b6ratories, it provideé )

a valid research question to be confirmed or refuted as to the necessary
change.in Tdenfification and treatment of this separate groqp's disease
hechanism. |
~ In the MS bétients we ha&e shown hfgher prevalence of CIC's in

acfive states of disease and have shown, in our preliminary obse;va—
tiops, that an unéXpected]y high probortion of MS sera contéiné MBP as
antigepic'moiety in complexes eluted from Raji cells, uéfng a radio-
immunocassay inﬁibitioﬁ test based 6n radio]abe11ed'MBP and a known anti-
serum to MBP. - These observations attest to the possible autoimmune
nature of MS disease. One may speculate that: : | . o

»‘i) CIC's codl& cause damage directly to MS/blaques which, ini-

) tially, in their evo]ution; are a}ways perivenous in the CNS,

and/or;

Y
A

ii) CIC's could form as a secondary phenomenon with démaged MBP
released in circulation as éhtigén and such complexes might %
inf]uence other aspects of immUnonegétion, eg. by affecting

antigen-specific suppressor cells. 1In this respect whether
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the role g£/CIC is protective or detrimental has to be found
out by Tongitudinal studies. .

In this regard, we have some preliminary data §howing
that three patients wfth terminal MS did not have~CIC by any
methods whereas two patients just recovering from acute
ré]apse had persistent CIC in a followup period close to one
year. This is just the revefse pattern to that which seems
to be emerging in CF where serum from all six terminal
patients had raised levels of CIC;

CIC could alter blood brainvbarrjer to a]]ow\other medﬁators
to be-active in disease. Certainly further longitudinal

stuEies are‘needed to determine the role of CIC in MS.

These thr ‘ xamples of the clinical appiication of CIC assays in

- disease show a trend, as weil'as the particular advantage of the Raji
assay. Ip.additibn to being very sensitive, Raji cells have the
potenfiql for ag-ab i§glation from serum (ahd perhapsmfrom CSF). This
may turn out to be théfr greatest value in future research, particularly.

IWhen monoclonal antibodies become available as an additional refined

for the Pseudomonas strains, to MBP, to nDNA, to Stréptoéoccal viri _

tool with antigen specificity. To date there are no monoclonal reageniﬁ

strains (in SBE), but the prospects are exciting. L

™~



Summary and Conclusions

The Raji assay feor CIC has been developed and modified in regards

to standardization procedures without heat-aggregated IgG. This

gave

reproducible results and minimum interassay variation.

The modified‘RaJi;RIA gave more positive results in different

pathological sera in comparison to other CIC methods.

The influence of higher 1eve1.of serum I1gG and antilymphocytic

éntibodies in causing fal§e positive results in Raji RIA[was

examined and found to be minimal.

In combination with other CIC techniques, Raji-RIA was used to

AN

detect immune complexes in three disease situations. In one of

these, Raji cells were used for isolation and partial

characterization of possible relevant antigen. Thus:

i)

i)

in hemodialysis, patients' sera were found not to contain DNA
antibodies in free or complex form, clarifying a misconcep-
tiOn.in the literature; -

in cy%tic‘ffbrosis, the incidence of CIC permits speculation

that there may be a subgroup with immune complex-mediated

- lung injury, recognized by higher CIC levels;

iii)

in MS, the incidence of CIC was significantly increased 'in

active states of disease. Preliminary studies show a higher

prevalence of MBP contains more complexes in MS than in

controls. This attests to the autoimmune nature of the

disease, proven by further longitudinal studies.
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~ APPENDIX 1

~
DISEASES ASSOCIATED wWrTH INMUNE CoMPLEXESS

Autoimmune discases
Rheumatoid arthritis, Felty's syndrome, systemic lupus erythematosus, Sjogren’s
syndrome, mixed connective tissue disease, perianeritis nodosa, systemic sclerosis -
Clomerulonfphﬁﬁs : ’
Exogenous and endogenous antigens
Neoplastic diseases.
Solid and lymphoid tumors
Infectious diseases

Bacterial: Infective cndocarditjs,&meningococcal infections, disseminated gonorrheal
infection, recurrent infections in children, infected ventriculoirterial shunt, strep-
tococcal infections, leprosy, svphilis

Viral: Dengue hemorrhagic fever, cytomegalovirus infections, viral hepatitis, infec-
tious mononucleosis, SSPE (subacute sclerosing panencephalitis)

Parasitic: Malaria, trypanosomiasis, schistosomiasis, flariasis, toxoplasmosis

Other conditions ‘ ’

Dermatitis herpetiformis and celiac disease, ulcerative colitis and Crohn's disease
myocardial infarcts, idiopathic interstitial pneumonia, cystic fibrosis, s:m:oidosis:
multiple sclerosis, amyotrophic lateral sclerosis, myasthenia gravis, uveitis, otitis
media, atopic diseases, arthritis associated with intestimal bypass procedure for
morbid obesity, sickle-cell anemia, thrombotic thrombocytopenic purpura, primary
biliary cirrhosis, kidney and bone marrow transplantation, pregnancy, preeclamptic
‘.and eclamptic syndrome, Lyme arthritis, steroid-responsive nephrotic syndrome,
xanthomatosis, vasectomy, oral ulceration and Behget's syndrome, pemphigus and

. bullous pemphigoid, IgA deﬁcicncy. thyroid disorders, ankylosing spondylitis, iat-
ropenic diseases o

From: Theofﬂbpbu]os, A.N., and Dixon, F.J. - The biology and detection
of immune complexes (Table VI, page 143). Adv. Immunol. 28:

89-220, 1979. (Ref. 194).
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APPENDIX 2
ngntity
(m1)
A. Raji ce]L culture medium:
| Eagles minimum essential medium
(MEM) 800
Heated (56°C x 30 minuteé) fetal
bovine serum A 100
L-glutamine (200 mM x 100) - 10
Non-essential amino acids (100 x ) 10
Sodiun'pyfuvate (100 mM) » 10
Antibiotic-antimycotic solution 10
Penicillin 10,000 u/ml
Fungizone 25 mcg/ml
Streptomycin 10,000 mcg/ml
5.6% sodium bicarbonate | :__gg
TOTAL 1000
Raj i celi RIA wash medium:’ ‘
RPMI 1640 (with L-glutamine) 430
Antibiotic-antimycotic solution : f‘:5*
Hepes Buffer (1 molar solution) _ 5
TOTAL 500

GIBCO - Grand Is]and Biologic Co;, Grand Island, New York 14072, USA

Source Catalogue

No.

GIBCO* 320-1090

GIBCO*  200-6140
GIBCO* 503

Flow Lab** 16-810-49
Flow Lab** 16-820-49
GIBCO*  600-5245

Flow Lab** 16-882-49

GIBCO* 310-1875
GIBCO* B00-5245
GIBCO* 380-5630

** Flow Lab - Flow Laboratories Inc., 1710 Chapman Ave., Rdckvi]]e,

Mary1land 26852, USA

P
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Appendix 3:

Preparation, isolation and characterization of in vitro
complex (BSA- anti BSA) from Raji cell bound IC:

1

Preparation’ of BSA- anti BSA IC

A batch of Bovine serum albumin (BSA) [Cappel Lab., Lot #12149,

Cat. #3002-0508] was radio labelled with '2°]

1 by following the
method of McConahey and Dixon (117). The concentration of the
labelled BSA was 1.16 mg/ml with a specific activity of 75.1 uCi/ug.
This was used as the_aotigen. Aotibody\was produced in fabbit
custom made against\;his batch of BSA by Cappel Lab., Lot #13687,
Cat. # 0202-0526, containing IgG>fraction of antibody protein |

5.5 mgm/ml. To a constant amount of this antibody diluted 1:2,
125

an increasing amount of I-BSA was added, in different tubes,

and incubated at 379CX 30 minutes followed by‘ét 4°¢ overnight.

At the end of the incubation period each tube was counted in a

Gamm& counter (total c.p.m.) and then centfifuged at -3000 rpm

for 10 minuteé at 4°c. Supernates were aspirated and precipitates

from each tube were redissolved in.200 ul of PBS and tran&ferred.

to marked fresbo;ybesf\. The resuspended precipitates were)then
dissoivﬁd in either 50% ammonium sulfate or 20% TCA (to avoid counts
ffom free ]251 BSA sticking to the walls of the tubes or counts

from free 125 I) and recentrifuged as above. After centr1fugat1on

. : ' /
~ the supernates were discarded and precipitate counts from each tube

were noted.  Amount of 1251 _gsa present,(precipitated) in each. tube

was expressed as the per cent of the total c.p.m. added in each’
tube (total count) and zone of equilibrium was determined.

Representative experimental result is shown in Figure #22. This
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Figure 22
BSA=—BSA IN-VITRO COMPLEX
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. L 1 - | L . 3

1 1 1 1 y
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. 125

would show that for this batch of antisera at this combination
ratio, the amount of BSA needed at equilibrium was 40 mgm. Th1s
was then used to calculate the amount needed to prepare in vitro

I BSA-anti BSA complexes in 5 times antigen excess. (For this

batch it was taken as 200 mg.) -

In Vitro IC uptake by the Raji cells

200 u1 of above mentioned batch ofy]zsl- BSA and 200 wl of

/
/

corresponding anti-BSA was added (?OO'ul, 1:2 dilution in PBS)

and incubated.at 37°%¢ fof 30 minutes and at 4°C for 1 hour. To

200 p1 ofitnis mixture Was added 200 ul of normal human serum

(NHS) diluted td 1:2 in PBS. (This was done to.add NHS to the

in !lEEQ_IC and also to use NHS as a source of complement, as

Raji ce1ls preferent1a]1y b1nd complement f1xed complexes) and then
incubated for 30 minutes at 37°cC. At the-end of this incubation
this 50 u] of the samp]e was added to 5X 106 Ra ji cells and incubated
for 45 m1nutes at 37°C with 1nterm1ttent shak1ng (same as Raji RIA
for CIC). This samp]e ‘was referred as BSA- anti BSA IC + C (C =
complement). Another sample of in vitro sample was also prepared
in the same way with the exception of adding neated NHS 1in the sane
volume etc. and labelled as BSA- anti BSA IC - C. Other controls
consisted of adding neat ]ZSI—BSA, anti BSA, and NHS (1:4)'to Raji
cells separately and proceed as above. At the end of this
incubation period Raji cells were washed X 3 timésAin wash media

and pellet counts were noted Representative experimenta] result

is shown in Figure #7. This showed BSA- anti BSA IC + C bound



more effciently to the Raji cells than the same 1C without
complement (BSA- anti BSA-C), and poorer uptake by the 125l BSA

alone.

Acid elution of BSA - anti BSA complexes from Raji cells

This was done by following the method described by Theofilopoulos

125

et al. 1978 (196). In vitro prepared I BSA- anti BSA IC in &

,timés antigen excess (as done in section b)) was added to 30 X

‘ 106‘Raj1 cells in 100 pl of MEM medium without any.Ca++ or

1251 _ gsa,

protein added. Controls were set up similarly with
anti BSA, NHS, and‘BSA- anti BSA IC wifhout any'NHS and a tube
containing Raji cells {n medium only. Cells were then incubated
at 37°:f0r 45 minutes and then washed'repeated]y in MEM medium
without any protein‘added. Aftgr the last wash cells were
resuspended in 200 ul of freshly prepared isotonic acid citrate
Buffer (pH 2.9 - 3.2) supp]ementéd with rabbit IQG (1 mg/m* 4
incubated at 37°C for 7 minutes. This was immediately fol. .o
by centrifugation at 3000 rpm-at 4°C for 10 minutes and super-
nates Qere carefully collected (50 to 100 1 without disturbing

the pellet. Eluates were then labelled and dialyzed for 18 hours

against Tris buffer or PBS at pH 7.4. The dialyzed aliquots were

“then trated as samples for passing on to the polyacrylamide gels.

Sodium-dodecyl sulfate (Sulfate (SDS) polyacrylamide gel

electrophoresis (SDS-PAGE) : ¥

This was done by fd]]owing the procedure described by Lammelli
(Nature, 227, 680, 1970). Initially it was performed on plate

gels followed by auto radiography (done under\the supervision of

1 4u



'

A
‘Dr. D.L. Tyrrell). This took more than 7 days to complete one
experiment. Later this was changed to column type of gels with no
.1055 of sensitivity or specificity but additional advantage was
that it took shorter time to complete the experiment (3 days) and
direct counts were obtained by slicing the gels in a Gamma counter
instead of auto radiography, which gave better quantitative results
(auto radiogram vs. c.p.m.). Procedure for column gel was dgpe
under the supervision of Dr. T. Nihei, as described below: .
i) 100 ul of eluted sample from Raji cells (step c)) was prepared
for gel injection with 10 u1 glycerol (66%). * 10 ul
merceptaethanol (10%), 10 ul SDS (10%) and heated to boiling
for 3 minutes, and were applied to the polyacrylamide columns
for run (4 - 5 hours). After the run gels were stained with
0.2% Coomassie Blue in 10% aceeic acid énd destained with a
mixture containing 40% methanol 10% aceteic acid and 50% water
for overnight to 24 hours. After destaining the gels were
sliced info equal pieces and counted directly in a Gamma

countér. Representative result of elutjon of ]251 BSA from

]251 BSA anti BSA complexes is given in Figure #a, Chapter

111, Section 4.

14/
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CRADING UNITS

SYSIUL O CLINICAL CVATIWTION OF TIE PATIEN™S WlTH CYSTIC F1BROS1S

COuERAL ACTIVITY

Fxcellent 25

(86-100)
Caod 20
(11-85)
Mild 15
{$6-10)

tiaderate 10

Au.—cva

Severe $
(4o or
Lelow)

Full normal activity;
plays ball, goes to
schiool regularly, etc.

lacks endursuce and
tires at ¢ond of day;
ganJd school atteudance

May rest voluntarily

during the day; tires
easily after exercion;
fatr school attendance

Home t2acher; dyspnelc
sfter short walk:
rests a great deal

Orthopnele, confined
to bed or chalr

PHYSLCAL EXAHINATION

Hormal no cough, pulse and
ruiplrations normal; clear
lung; good posture

Resting pulse and res-
plretions normsl; rare
coughlng or cleartng of
throat; no clubbinpg; clear
Jungs; minimal eaphysems

Occazlonal couph, perhaps
{n morning upon rising;
respiration slightly ele-
vated; m{li! enohvsema;
coarse breath sounds;
rarcly localtzed,

Frequent cough, usually
productive, chest retractlon;
moderate emphysema; may
have chest detormiiy;
rales usually present;
clubbing 2 to 3+

! -

€

Seviece coushing spells;
tachypnea with tachycardla
and extens{ve pulrcnary
changes; may stow signs

of rlght-slded cuvdlac
fatlure; clubbing J to &4

formed, bulky, fatty,

HUTRTCTON X-RAY FIIMINGS

e —————————————

Malntaios weight and Clear lung [lelds
hetght at above 23th

percentile; well-foramed

stools, aluos t mermal;

gnod muscle mass and

tone

Welght snd helght a3 . Hinimal sccentuation of
approximately 1Sthta  bronchovascular markings
20th percentile; unocy- estly emplyscma

slightly abnormal falr .

muscle tone and mass

Weight and hefght above Mild emphyscms with

Jrd percentile; stools  patcatelectssis; fncress
usually abnormal, large bronchovascular markings.
and poorly f[ormed; very

1itele LE any sbdominal

dlstention; poor muscle J\

tone with reduced muscle

mose. )//\\\\\
~

Weight and helght below Moderate cmphysems

Ird percentile; poorly widespreed orea of
stelectusts with supee-
offenslve atools; flabby imposcd ares of

musc las and reduced mass; infection winimal
ahdominal dlstention bronchial ectusls,

va._; to moderate

Malnutrition marked:
large protuberant
sbdoace; rectal pro-
lapse; largs, foul,
frequent, fatty move-
nents

Extenslve chauges with
pulmonary obstructive
phenomens and fntection
‘lobat atelectastis and
Lednehlectasia

s,

¥
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APPENDIX S
SD§.P01yaerylémide Gel E]ec;rophoresis of Raji Eluates
and Radiounmynié:Assay (RIA) for Myelin Basic Protein (MBP)

(Established Procedﬁre ‘n the.Laboratory of Dr. T.A. McPherson)(77)

I. sample Handling for CIC Eluated From Raji Cells for, SDS

N _Pd]yacrylamide Gel'Electrophoresis
AN :

~.

,?zilhe"preparafion of\samples and the electrophoretic procedure was as
de;t:ibed in Section g of Appendix 3. 10 ul of sample were mixed with
50 u] 1% SDS and 40 ul of .01 m phosphate buffer. The mixture was bo11ed
§Qgsee£g3 pl of BME and 10 ul of glycerol, bromphenol blue were added.
The samp]e was then underlayered on 10% po]yacry]amlde ge]s. o ' Ar?

- gels were seen at 8 MAMPS per gel for four hours_at room ’
;emperature.r

-.after the terminatipn'of the eletroqboresis,_the gels weré;f
removed from the tubes, stained overnight in .1% Coomassie blue and
.destaihed by diffusion of excess stain into_eeveral changes of 10%v
acetic'acid. ’ f' ~, ' | ,(;)

After"des;éining;the}gels.were sliced into»3 mm ‘slices. Each slice
: was‘maeerated and protein e]uted‘by“incubatibn in 1.5 ml 15 buffer for
18524 hogrs at redm temperature. ng]ipate 0.5 ml aliquots of ejuted
protein were subjected to RIA.
II.  RIA FOR MEP

A. Production of Antibody

Antibody to human BP was raised in female New Zealand white rab-
bits (77). _Rabbit§ were bled franfthe marginal ear vein, the serum
collected, stored at -20°C, and used without further purification.

[}
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B. Purification of Human Mye]in‘Basic Protein N

Hwnan«brains were\obtained within 16-18 hours of death. BP was
"isolated ‘usiny the ]argé-sca]e extraction procedure.

C. lodination of Antigen

 BP was iodinated by the chloramine T procedure (77). Labelled BP

'~ was prepared eQery four weeks. The specific activity of the radj

labelled BP was about 70 wuCi/ung.

D. Radioimmunoassay . : S

" Eluated samples from each gel slices were incubated wjfﬂ“o.s ml of
normal rabbit serum, a 0.2 ml concentrated T, buffer (0.2 Tris, 1%
Triton X100, 0.1}% Trasylol, pH 7.2) and antibody (BP) (final dilution of

125, Bp was

1:2,000.  Incubation was carried out fof 18 hours at 4°C.
then added (0.2 ng - 25,000 cpm) and incubation continued for one hour
at room teﬁggiatﬁfé. The incubation was terminated by the additioﬁ of 1
-ml of 8% silica gel as described by Hsiung and.McPhefson (77).~ The
results were expréssedcas the percentage bound totantibody or as the
‘percentage ihhibition (percentage bound in the samp]e minus the

percentage bound in'the control)

- E. Sen51t1v1txégnd specificity of RIA

The silica gel RIA is capab]e of detecting a minimum of 2 ng of
MBP/m},of CSF whith is comparable to other assays in use. .Spec1f1c1ty
has been checked by. including‘varfab]e quantities of l1ysozomes or his-
tones in the assay mixture and no cross-reaction was revealed. We have
three categor1es correspond1ng to. the amount of BP detected A level
less than 4 ng/ml is conSIdered normal, where as a’level greater than or

eqqa]_to 4 ng BP/ml but less than 8 ng BP/ml is regarded as mildly

é]evatéd, and'arlevellof 8 ng/ml or greater is cbnsidered definitely
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é}evated., Quantity found from Raji eluates were not é”ways as high-as
could be found in CSF control run with Tabelled BP in isotonic acid
buffer of Raji elution did not show any alteration in the seﬁéitivity of

MBP detection by the assay. : -
. ;Q\ﬁ"‘%‘
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