l ¥ ' National Litrary

of Canada

Acquisttions and

Bibliothéque nationale
du Canada

Direction des acquisitions ¢!

Bibliographic Services Branch  des services bibliograptiques

395 Wellington Street 395, rue Wellington
Ottawa, Ontano Ottawa (Ontano)
K1A ON4 K1/ ON4

NOTICE

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c¢. C-30, and
subsequent amendments.

Canada

Che e Nose it o

AVIS

La qualité de cette microforme
dépend grandement de la qualite
de la thése soumise au
microfiimage. Nous avons tout
fait pour assurer une qualite
supérieure de reproduction.

S’il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualité d'impression de
certaines pages peut laisser a
désirer, surtout si les pages
originales ont été
dactylographiées a l'aide d’un
ruban usé ou si 'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, méme partielle,
de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



THE UNIVERSITY OF ALBERTA

DIVERSITY OF LEUKOCYTE COMMON ANTIGEN (CD45) EXPRESSION
BY el
RAYMOND KAI CHI LAI (E;)
A thesis submitted to the Faculty of Graduate Studies and
Research in partial fulfillment of the requirements for

the degree of DOCTOR OF PHILOSOPHY in Medical Sciences
DEPARTMENT OF LABORATORY MEDICINE
AND PATHOLOGY
Edmonton, Al' rta

Spring 1995



l * l National Library Bibliothéque nationale
ot Canada du Canada

Acquisitions and Direction des acquisitions et
Bibliographic Services Branch  des services bibliographiques
395 Wellington Street 395, rue Wellington

Qitawa, Ontario Ottawa (Ontario)

K1A ON4 K1A ON4

THE AUTHOR HAS GRANTED AN
IRREVOCABLE NON-EXCLUSIVE
LICENCE ALLOWING THE NATIONAL
LIBRARY OF CANADA TO
REPRODUCE, LOAN, DISTRIBUTE OR
SELL COPIES OF HIS/HER THESIS BY
ANY MEANS AND IN ANY FORM OR
FORMAT, MAKING THIS THESIS
AVAILABLE TO INTERESTED
PERSONS.

THE AUTHOR RETAINS OWNERSHIP
OF THE COPYRIGHT IN HIS/HER
THESIS. NEITHER THE THESIS NOR
SUBSTANTIAL EXTRACTS FROM IT
MAY BE PRINTED OR OTHERWISE
REPRODUCED WITHOUT HIS/HER
PERMISSION.

ISBN 0-612-01714-1

Canadi

Your He Voire reference

Gurwe Notre rélérence

L'AUTEUR A ACCORDE UNE LICENCE
IRREVOCABLE ET NON EXCLUSIVE
PERMETTANT A LA BIBLIOTHEQUE
NATIONALE DU CANADA DE
REPRODUIRE, PRTTER, DISTRIBUER
OU VENDRE DES COPIES DE SA
THESE DE QUELQUE MANIERE ET
SOUS QUELQUE FORME QUE CE SOI'T
POUR METTRE DES EXEMPLAIRES DE
CETTE THESE A LA DISPOSITION DES
PERSONNE INTERESSEES.

L'AUTEUR CONSERVE LA PROPRIETE
DU DROIT D'AUTEUR QUI PROTEGE
SA THESE. NI LA THESE NI DES
EXTRAITS SUBSTANTIELS DE CELLE-
CI NE DOIVENT ETRE IMPRIMES OU
AUTREMENT REPRODUITS SANS SON
AUTORISATION.



THE UNIVERSITY OF ALBERTA
RELEASE FORM

NAME OF AUTHOR: RAYMOND KAI CHI LAI

TITLE OF THESIS: DIVERSITY OF CD45 EXPRESSION
DEGREE: DOCTOR OF PHILOSOPHY

YEAR 'THIS DEGREE GRANTED: SPRING 1995

Permission is hereby granted to THE UNIVERSITY OF
ALLERTA LIBRARY to reproduce single copies of this thesis
and to lend or sell such copies for private, scholarly or
scientific research purposes only.

The author reserves all) other publication rights and
other rights in associa‘cion with the copyright in the
thesis, and except as hereinbefore provided neither the
thesis nor any substantial portion thereof may be printed
or otherwise reproduced in any material form whatever

without the author's prior written permission.

427 Willowcourt

Edmonton, Alberta T5T 2K7



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, ana
recommend to the Faculty of Graduate Studies and Research
for acceptance, a thesis entitled "Diversity of Leukocyte
Common Antigen (CD45) expression" submitted by Raymond
Lai in partial fulfillment of the requirements for the

degree of Doctor of Philosophy. 7

ANV

«

® 6 © 000 060 0200009 8TV e S0 e OO e

Dr. S. Poppema (Supervisor)

Dr. D. Rayner

Dr. A. Shaw

@ ® ® 9 0 0 0600000600600 000 0 ae0 e

Dr. A. Lazarovits (External
Examiner)



ACKNOWLEDGEMENTS

I would express my gratitide to members of the
Department of Laboratory Medicine, Cross Cancer
Institute. Foremost among those to whom I am deeply
indebted are my supervisor Dr. Sibrand Poppema, Ms. Lydia
Visser and Mr. Laith Dabbath, for their teaching,
continued support and encouragement during my study.

Special thanks are owed to Dr. Andrew Lazarovits,
Dr. Malcolm Paterson, Dr. David Rayner, Dr. Kim Solez for
reviewing the thesis and meking valuable comments. I also
wish to acknowledge Dr. Robert Stinson who provided to me
constructive suggestions throughout my training program.

Last, but not least, I would like to express my deep
appreciation te Ms. Judy Tween for secretarial help and

Ms. Halyna Marusyk for her excellent photographic works.

iv



Abstract

Leukocyte common antigen (LCA/CD45) is a family of
transmembraneous molecules expressed exclusively on
nucleated hemopoietic cells. Structural heterogeneity of
LCA is largely confined to the extracellular domain and
is generated by alternate usage of three exons of the LCA
gene, commorly labeled variable region 2, B and C. The
cytoplasmic domain, that contains tyrosine phosphatase
activity, is relatively constant.

We employed a panel of anti-LCA monoclonal
antibodies to study the tissue distribution of LCA
variants. The LCA extracellular domain was found to be
far more Leterogeneous than praviously known. Our studies
indicate that the total number of LCA isoforms expressed
on lymphocytes is seven, by demonstrating the existence
of two new LCA isoforms. We also observed extensive
carbohydrate variation within the variable regions,
creating an additional level of structural heterogeneity.

LCA differential glycosylation is not a random
process, since the expression of the carbohydrate-related
epitopes we have studied are specific for individual LCA
isoforms and/or cell types. These results suggest that
LCA glycosylation is functionally important, possibly by
directing the interactions with multiple ligands and thus
modulating the cytoplasmic tyrosine phosphatase activity.

Moreover, LCA epitopes which show cell-type specific
expression may serve as markers for delineating different
functional 1lymphoid subsets. In fact, using these
reagents, we could demonstrate the existence of several
distinct lymphoid subsets. Since these lymphoid subsets
arise in postnatal 1life, they represent products of
antigenic experience and/or maturation of the immune
system. One example is a B-cell subset which expresses a
high level of a carbohydrate-related epitope in the
variable region B. The hypothesis that this B cell subset
represents antigen-experienced/memory B cells, is
supported by results from immunophenotypic and functional
studies.

In summary, LCA expression is heterogeneous at the
levels of protein backbone and of glycosylation. Lymphoid
cells with different functions have unique patterns of
Lca isoform and carbohydrates expression. This
information facilitates further research on the function
of LCA. Furthermore, the analysis of LCA expression with
specific antibodies allows delineation of functional
lymphoid subsets in various clinical settings.
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CHAPTER 1
INTRODUCTION

1. Background

The leukocyte common antigen (LCA, T200, CD45)
family is a group of high mclecular weight glycoproteins
of around 200 kd uniquely expressed on the surface of
hematopoietic cells [reviewed in 1]. LCA initially
attracted attention in the early 1980s because of its
abundance cn lymphocytes, distinctive tissue distribution
and novel structural features. The LCA family is a major
cell surface component of lymphocytes and carries 10% of
the total carbohydrates on the surrace of these cells
[2]. Furthermore, LCA is found only in the hemopoietic
lineages. These phenomena raised the possibility that LCA
may carry important functions in these cell types.

2. Structure of LCA

The LCA family of proteins is encoded by a single
gene, mapped to chromosome 1 (1g31-32) in humans [3]. The
gene is composed of 33 exons, three of which (exon 4, 5,
and 6) are differentially expressed via alternate
splicing of mMRNA ([4]. The regulation of the alternate
splicing is not known.

The complete amino acid sequence of LCA was derived
from isolated cDNA clones [5]. 2All LCA isoforms follow
the same stuctural scheme: a large cytoplasmic domain of
707 amino acids encoded by exon 17 to 32, a trans-
membrane region of 22 amino acids encoded by exon 16, and
an external domain that varies between 391 to 552 amino
acids, depending on the pattern of exon splicing used.
Ultra-structurally, LCA was shown to consist of a
globular structure representing the cytoplasmic domain
and a rod-shaped structure representing the external
domain (6].

The cytoplasmic domain is highly conserved among
mammals and consists of at least two homologous
subdomains, encoded by exons 17 to 24 and 25 to 32. The
external domain is less conserved and includes an O-
linked region and two cysteine-rich subdomains [1]. The
two cysteine clusters are heavily glycosylated, located
close to the trans-membraneous portion of the molecule,
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and are separated from each other by a loop structure.
The O-linked region which is also heavily glycosylated
spans the three so-called ‘variable regions' (commonly
labelled A, B and C) which are encoded by exon 4, 5 and
6 (fig. 1). Antigenic determinants unique to each of
these three variable regions are labeled accordingly as
CD45RA, CD45RB and CD45RC [7]. As alternate splicing of
mRNA involves these three exons, variable regions are
differentially expressed, creating different LCA isoforms
(fig. 2). In humans, cDNA for a total of five different
LCA isoforms were identified: they are ABC, AB, BC, B,
with the fifth one lacking any of the three variable
region (ie. O) (8,9].

Using SDS-electrophoresis coupled with immuno-
blotting, LCA proteins can be separated into four
distinct bands at 220, 205, 190 and 180 kd. Streuli et al
[10] showed that the molecular weights of LCA can be
predicted on the basis of the number of variable regions
expressed. Therefore, the 220 kd species corresponds to
the LCA isoform expressing all three variable regions
(ie. ABC), and the 180 kd species corresponds to the LCA
isoform expressing none of the variable regions. The 190
kd species ard 205 kd correspond to the LCA isoforms with
one or two variable regions expressed, respectively.

3. LCA Cluster Antibodies

Antigenic epitopes located in the variable regions
are termed ‘restricted CD45' »>r CD45R, whereas those
outside the variable regions are labelled CD45 [6].
Anti-CD45R Mab's are further specified according to the
particular variable region they recognize. Therefore,
anti-CD45RA, -CD45RB and -CD45RC are Mab's that recognize
variable regions A, B and C respectively. There are
antigenic epitopes unique to the ‘0' isoform which are
expressed only in the absence of all three variable
regions. Mab's reactive with these epitopes are
collectively labeled anti-CD45RO.

Studies of LCA have been hampered by the lack of
Mab's reactive with some variable regions such as CD45RC.
In the Leukocyte Workshop IV in 1989, there was only one
anti-CD4S5RB Mab [9] and one anti-CD45RO Mab (10, 11]
available. Furthermore, although there were a large
number of anti-CD45RA Mab's available, they did not
differ from each other significantly ([6]. This limited
number of anti-CD45R Mab's allowed only the detection of
the variable regions on the cell surface but did not
provide information as to the exact expression profile of
LCA isoforms on the cells under study.



4. Tissue Distribution of LCA Isoforms

LCA is restricted to the hemopoietic cell lineage.
In the early 1980s, it was found that membe s of LCA
family are differentially expressed. Generally, B cells
have LCA proteins of higher molecular weights at 220 kd
and 205 kd. In contrast, T cells have LCA nroteins of
lower molecular weights at 180 kd and 190 kd [12-14].

While the LCA eXpression on B lymphocytes is
relatively simple, the expression of LCA on T lymphocytes
was found to be more complex. Expression of different LCA
isoforms seems to be closely related to their functional
and developmental stages. Immature thymocytes express
only the 180 kd isoform (ie. CD45RO*) [16]. As maturation
occurs, LCA isoforms of higher molecular weight including
the 220 kd and 205 . 1 species are expressed. At the sanme
time, the 180 kd isoform is downregulated. These mature
but antigen-inexperienced T cells are hence called
CD45RA* T cells as they express largely the 220 kd (ABC)
and 205 kd (AB) isoforiis.

The expression of CD45RA and CD45RO is 1largely
mutually exclusive on peripheral blood T cells. Tissue
culture studies have shown that CD45™A* T cells switch
their LCA expres.ion to CD45RO and concurrently
downregulate CD45RA expression upon antigenic stimulation
[17,18]. These CD45RO* T cells also have a higher level
of expression of lyaphocyte activation markers including
CcD29, LFA-1 and MHC class II, as well as homing receptors
such as CD44 [19]. CD4S5RO* T cells also seem to be more
responsive to stimulation with 1low concentrations of
anti-CcD3 antibody than CD45RA* T cells [20, 21]. Cord
blood T cells are largely CD45RA* [22, 23]. With age, the
proportion of CD45RA* T cells decreases whereas that of
CD45RO* T cells increases [24]. Based on these findings,
it was proposed that CD45RA* and CD45RO* are markers for
naive and memory T cells respectively [reviewed in 25].

Parellel to these studies, results from various
laboratories suggest that at least some T cells can
retain CD4S5RA expression after activation and these
activated CD45RA* T cells produce different lymphokines
from CD45RO* T cells [26, 27]. Therefore, some CD45RA*
and CD45RO* T cells also represent two distinct lines of
differentiation with different functions [28-30].

The highly regulated LCA expression in accordance
with cellular differentiation and activation implies that
the expression pattern of LCA isoforms is functionally
important.
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5. Finctions of LCA

Early functional studies employed various
immunologic assays in order to detect functional effects
of anti-CD45/ anti-CD45R Mab's [31]. The results were
sometimes contradictory and dependent on the Mab's
employed. More recently, the use of LCA-deficient cell
lines has provided more insight into the functional
role(s) of LCA. T-cell clones deficient in the expression
of LCA have impaired responses to T-cell receptor stimuli
[32, 33]. Therefore, LCA appears to play an important
role in early lymphocyte activation.

The biochemical basis of the functional role of LCA
is linked to the two cytoplasmic homologous subdomains
which have tyrosine phosphatase activity ([34-36]. In
fact, LCA serves as a prototype for a family of protein
tyrosine phosphatases, some of which are transmembranous
and share similar structure including the presence of
tandem cytoplasmic enzymatic subdomains [37]. Recent
studies demonstrated that some of the protein tyrosine
kinases, such as p56“* and p59" proteins, are the
physiological substrates of CD45 in T cells [38-40].

The expression of Lca seens to regulate
phosphotyrosine homeostasis and to be linked to T-cell
receptor-driven phosphoinositide hydrolysis and
intracellular calcium increase after stimulation in T
cells [41]. LCA may exert its biolocical effect via
dephosphorylating protein tyrosine kinases such as p56"*
and p59"", or CD3 zeta chain. T cell activation via CD2
is also LCA-dependent [41].

LCA is also implicated in B cell activation. The B-
cell antigen receptor can transduce a calcium-mobilizing
signal only if cells also express LCA [42]. In addition,
LCA can dephosphorylate a complex of membrane immuno-
globulin associated proteins that appears to transduce
signals [43]. Therefore, by regulating the phosphory-
lation status on tyrosine residues, LCA facilitates
signal transduction.

7. The purpeose of this study

LCA has crucial functional roles in lymphocyte
activation by virtue of its tyrosine phosphatase activity
which can dephosphorylate a number of important proteins
in lymphocytes. However, how the LCA enzymatic activity
is regulated is largely unknown.
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It has been hypothesized that the control lies in
the extracellular domain which may function as a receptor
for one or more unknown ligands. The structural variation
among the external domains of LCA probably allows for
interaction with a variety of specific ligands and varies
petween different cell types. This hypothesis would
explain why cells with different functions (eg. T vs B
cells) express different LCA species. Features such as
differential usage of the variable regions may certainly
allow multiple ligand-receptor interactions, such that
the LCA enzymatic activity can be directed to the
appropriate targets at the right time.

Another issue is the high carbohydrate content in
the extracellular domain, particularly the variable
regions. One tempting notion is that LCA interaction with
its ligand(s) is highly dependent on the glycosylation
state. Because only a maximum of eight LCA species can be
generated by alternate usage of three variable regions,
it would be advantageous to create more structural
variations, and therefore higher adaptability with a wide
range of ligands expressed on different cell types.

With these issues and hypotheses, the following will
be addressed in the later chapters:

1. By using a panel of monoclonal antibodies reactive
with either the protein or carbohydrate epitopes on the
extracellular domain, we explored further structural
variations, in particular individual variable regions.

2. The expression patterns of individual LCA family
members expressed on cells of different functions or
developmental stages were also examined. A high tissue
specificity 1is expected if these variations in
glycosylation are functionally significant.

3. Another line of investigation is to examine if the
LCA structural variations are acquired prenatally or
postnatally. LCA expression on cord blood lymphocytes
which are immunologically naive was compared with that of
pediatric or adult peripheral lymphocytes. Tracing the
evolution of specific LCA variations may provide clues %o
their possible functional roles.

4. As mentioned above, LCA has been valuable in
delineating lymphoid subsets such as CD45RA* naive T
cells and CD45RO* memory T cells. Exploring further LCA
structural variations provides an opportunity to identify
distinct lymphoid subsets with different functions or in
distinct developmental stages.
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CHAPTER 2

TISSUE DISTRIBUTION OF RESTRICTED LEUCOCYTE COMMON
ANTIGENS. A COMPREHENSIVE S8TUDY WITH PROTEIN AND
CARBOHYDRATE SPECIFIC CD45R ANTIBODIES.

A version of this chapter has been published. Lai, R,
Visser, L, and Poppema, S. Laboratory Investigation
1991;64:844-854.
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INTRODUCTION

Leucocyte Common Antigen ( LCA / T200 / CD45 ) is a
family of cell surface glycoproteins found exclusively in
nucleated cells of the hematopoietic lineage
[1,8,10,11,21]. In humans, at least four LCA isoforms
differing in molecular weight have been identified: they
are the 180, 190, 205 and 220 kd isofcrms [10,11,20,21].
Structurally, LCA has a well conserved cytoplasmic domain
which is known to have tyrosine phosphatase activity
(6,7,41], as well as an extracellular domain which is
heterogenous in peptide sequence [15,29] and carbohydrate
composition [2,18,28). While little is known about the
LCA carbohydrate component, the differential LCA peptide
expression has been clearly delineated. Molecular
studies of LCA have shown that alternate splicing of mRNA
generates the heterogeneity of LCA [16,34,38]. The result
is that LCA isoforms differ in the expression of the
peptide domains encoded by the three alternate exons 4,
5 and 6. Streuli et al [36] proposed to designate these
as A, B, and C, and at the Fourth Leucocyte Antigen
Workshop it was decided to distinguish CD45RA, CDA45RB,
and CD45RO antibodies (see Table 1). Antibodies
recognizing common determinants of LCA (anti-CD45 or
pan-leukocyte) are reactive with all four LCA isoforms.
Antibodies recognizing a determinant on exon 7 that can
only be detected in the absence of expression of all
three variable exons are designated CD45R0. The reagents
used in this study were analysed on LCA transfectants to
confirm or establish their reactivity with common or
specific variable regions of the leucocyte common antigen
complex. Several studies included data on the tissue
distribution of CD45R antigens ([4,5,14,27]. Here we
elaborate on these studies by including a series of anti-
LCA antibodies which are either new or previously
incompletely reported, to provide a comprehensive picture
of CD45R distribution.

Materials and Methods

1. Monoclonal Antibodies

Anti-CD45RA Mabs MB1 and MT2, as well as anti-CD45RB
Mab MT3, were produced in our laboratory and their
specificities were recently delineated with the use of
LCA transfectants. Anti-CD45RB Mab PD7/26 and anti-CD45
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Mab 2B11 were kindly provided by Dr. D.Y. Mason.
Anti-CD45 Mab 2D1 (HLe-1) was purchased from Becton
Dickinson. Anti-CD45R0O Mab UCHL-1 was kindly supplied by
Dr. P. Beverly. KiB3 (CD45RA) was a gift from Dr. M.
Parwaresch. The OKT3 and OKT11l cell lines were obtained
from the American Type Culture Collection, Rockville,
Maryland. Antibodies B-1lyl (CD20) and B-1ly6 (CDllc) were
produced in our laboratory.

2. Tissue Sections

Normal thymus tissue, removed for technical reasons
during cardiac surgery, and tonsils and lymph nodes
submitted for diagnostic reasons, were either BS5—-fixed
and embedded in paraffin or fresh frozen in OCT. Frozen
tissue sections (5 um) were cut using a Leitz cryostat.
Paraffin sections were cut at 3 um.

3. Immunohistochemistry and enzymatic treatment

Paraffin-embedded tissue sections were depara-
ffinized with xylene and graded alcohols. Frozen section
were fixed in acetone for 15 minutes. Five-fold dilutions
of the different Mab's (supernatants) in PBS (pH 7.5)
were then applied to the fixed paraffin or frozen
sections and incubated for 30 minutes. After 3 washings
with PBS, sections were treated with rabbit anti-mouse
immunoglobulin conjugated with peroxidase (Jackson
Immunoresearch). Peroxidase staining was obtained with a
mixture of hydrogen peroxidase and 3-amino-9-
ethylcarbazole (Sigma, St Louis, USA). To achieve double
stainings, the first step was done as described Aabove
except that peroxidase staining was achieved with a
mixture of H202 (Sigma) and diaminobenzidine (Sigma).
After three washings with PBS, tissue sections were
incubated with a five-fold dilution of the second Mab's
(supernatants) for 30 minutes at room temperature,
followed by alkaline phosphatase conjugated goat
anti-mouse antibody (Dakopatts). Alkaline phosphatase
enzyme staining was done by using a mixture of 60 mg of
fast blue (Gurr), 10 mg of naphthol AS-MX phosphate
(Sigma) and drops of 10% MgSO4 (BDH chemicals). To test
the neuraminidase sensitivity, tissue sections were
treated with 10 micro-units neuraminidase type X (Sigma)
per 0.1 mL PBS at 37 C for 15 minutes, and subsequently
immunostained as described above. To remove O-linked
carbohydrates, slides were first treated with
neuraminidase (10 milli-unit per 0.1 mL of PBS) at 37 C
for 15 minutes, followed by O-glycanase (Endo-alpha-
N-acetyl-galactosuminidase) obtained from Boehringer
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Mannheim at a concentration of 2 milli-units per 0.1 mL
of PBS at 37 C for 30 minutes. Subsequent stainings were
done as described above. To remove N-linked
carbohydrates, slides were again treated with
neuraminidase as described above, followed by N-glycanase
3 (Endoglycosidase F) obtained from Boehringer Mannheim
at a concentration of 2 milli-unit per 0.1 mL of PBS at
37 C for 30 minutes. The effect of desialylation was
examined as follows: slides were incubated with an
antibody (for instance MB1), and with peroxidase
conjugated rabbit anti-mouse antibody, and stained with
diaminobenzidin and H202. After neuraminidase treatment
as described above, the slides were incubated with the
same primary antibody (for instance MB1l), followed by
alkaline phosphatase conjugated goat anti-mouse antibody
and alkaline phosphatase enzyme staining. Any cells
staining blue for the second procedure were interpreted
as expressing antigenic epitopes that could not be
detected before the desialylation.

4. Cell isolation and enrichment for lymphocytes subsets

Peripheral blood was collected from healthy
individuals and mononuclear cells were isolated using
ficoll-paque (Pharmacia). To enrich T cells, the
mononuclear cells were incubated with Mab Bly-1 (CD20) at
4 C for 30 minutes. After 3 washings with PBS, B cells
were depleted by using anti-mouse Ig coated magnetic
beads (Dynabeads M450) from Dynal. Enrichment for B cells
was done by sheep red blood cell rosetting. Further
depletion was achieved by using a mixture of OKT11 (CD2)
and OKT3 (CD3) and anti-mouse Ig coated magnetic beads.

5. Immunofluorescence stainings and Flow cytometry

After the treatment of primary Mab's at 4 C for 30
minutes, goat anti-mouse Mab coupled with phycoerythrin
(Becton Dickinson) was applied for another 30 minutes at
4 C. Gating based on size and forward scatter, along with
the cell enrichment, resulted in more than 90% purity in
monocytes, 98% in T cells and 92% in B cells. Purity was
assessed by using cell-type specific Mab's: Bly-6
(monocytes), Bly-1 (B cells) and OKT3 + OKT1l1l (T cells).
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RESULTS AND DISCUSSION

We collected a panel of monoclonal antibodies that
were produced in our laboratory and by several other
groups and are well defined with respect to their
specificities for constant or variable regions of the
leucocyte common antigen complex. Standard reagents, such
as 2D1 (CD45), 2H4 (CD45RA), PD7/26 (CD45RB) and UCHL1
(CD45R0) were studied and compared to a series of other
less well defined antibodies, that were selected based on
at least three of the following criteria: differences in
staining patterns with the standard reagents, reactivity
with molecular weights around 200 kd, reactivity with LCA
transfectants, and clustering within CD45 or CD45R in one
of the Leucocyte Antigen Workshops. These antibodies were
used as probes to analyse the expression pattern of LCA
variants on human 1lymphoid tissues from different
anatomical compartments employing immunohistochemical and
flow cytometric techniques. This also provided the
opportunity to compare antibodies reactive with antigenic
determinants encoded by the same variable peptide region
but leading to differences in staining pattern. Since one
of the possible explanations involved the presence of
differences in carbohydrate composition, the effects of
a partial removal of carbohydrates with different enzymes
was studied.

1. Determination of carbohydrate reactivity of the
antibodies

The determination of the biochemical nature of the
epitopes recognized by the monoclonal antibodies (Mab's)
was performed on frozen as well as on paraffin sections
of reactive lymph nodes. The results are summarized in
table 2. With the exception of 2D1 (CD45), and 2H4, MB1
and KiB3 (CD45RA), all the other CD45R/CD45 Mab's
recognized neuraminidase sensitive epitopes. This finding
suggests that the epitopes they recognize are associated
with carbohydrates, and very likely, with the terminal
sialic acids commonly found on cell surface
glycoproteins. On the other hand, 2D1, 2H4, MB1l and KiB3
are probably reactive with the LCA peptide backbone. The
expression of the MT2 determinant (CD45RA) on mantle zone
B cells was more resistant to neuraminidase treatment
than that on the paracortical T lymphocytes and other B
cells, suggesting a unique glycosylation of CD45RA on
mantle zone B cells. PD7/26 (CD45RB) was more resistant
to neuraminidase treatment than the other
neuraminidase- sensitive mab's including MT3 (also
CD45RB) . We also incubated slides with neuraminidase and
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subsequently with O-glycanase to remove O-linked
carbohydrates. No detectable change of staining for MB1
or 2H4 (CD45RA) was observed; however, slides stained
with KiB3 (also CD45RA) showed additional staining,
leading to a pattern identical to that of other
anti-CD45RA Mab's (see below). Removal of N-linked
carbohydrates using neuraminidase followed by N-glycanase
did not result in detectable change in MB1 or KiB3
staining.

2. Tissue distribution

The results of the distribution studies with the
CD45/CD45R panel of reagents are summarized in table 2.
A detailed analysis of the staining results in thymus,
lymph nodes/tonsils, spleens and peripheral blood cells
is given below.

Za. Thynmus

In agreement with the view that LCA is one of the
earliest antigens expressed by lymphocytes, all cells
with the exception of a small subpopulation of
subcortical thymocytes, were 2D1 and 2B11 (CD45) positive
(fig 1a). There was no detectable difference in the
intensity of staining between medullary and cortical
thymocytes. The majority of thymocytes were also MT3 and
PD7/26 (CD45RB) positive (fig 1b), indicating the
presence of CD45RB on the cell surface. Unlike the anti-
CD45 antibodies, the anti-CD45RB Mab's resulted in
differences in staining intensity, with cells in the
cortex staining less strong than those in the medulla.
This probably reflects the fact that anti-CD45 stains all
LCA, including the 180 kd isoform, whereas anti-CD45RB
reagents do not stain the 180 kd isoform that is strongly
expressed on cortical thymocytes [37]. CD4SRA positive
cells as identified by 2H4, MB1l, KiB3 and MT2 were
largely confined to the medulla with only a few positive
cells in the cortex (fig 1lc). MT2 (also CD45RA) was
reactive with more thymocytes than the other anti-CDA4ASRA
reagents. Double staining with MB1 and MT2 showed the
presence of MT2*MB1" but not MT2MB1* thymocytes. Since
MT2 reacts with a carbohydrate component associated with
CD45RA, whereas MB1 and 2H4 react with the peptide
backbone (see above), one likely explanation for this
phenomenon would be that the MT2 carbohydrate epitope in
fact masks the binding sites for MB1 and 2H4 on these
cells. To test this possibility, we stained sections with
MB1 or 2H4, peroxidase labeled secondary antibodies and
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diaminobenzidin, and then the sections were treated with
neuraminidase. Subsequently we stained the sections again
with MB1 or 2H4, alkaline phosphatase labeled secondary
antibodies and naphthol AS MX sulphate and fast blue.
This resulted in the additional staining of cells for MBl
or 2H4 in medulla and cortex, leading to a combined
pattern identical to the MT2 staining (fig 2a,b). This
finding indicates that, within a subpopulation of the
thymocytes (ie. MB1MT2* cells), the MBl and 2H4 epitopes
are masked by the presence of terminal sialic acids
associated with the CD45RA region. KiB3 (also CD45RA) was
reactive with an even smaller number of cells than MB1
and 2H4. In fact, KiB3 only recognized medullary B
lymphocytes. Pretreatment of the sections with either
neuraminidase or neuraminidase followed by N-glycanase
did not result in any change. However, pretreatment with
neuraminidase followed by O-glycanase led to a staining
pattern of KiB3 that was identical to that of the other
anti-CD45RA mab's. This finding indicates that the
presence of O-linked carbohydrates on LCA can block the
binding sites for anti-CD45RA antibodies that are
reactive with the peptide backbone. This is in agreement
with the finding that variable regions of LCA are rich in
O-linked carbohydrates [39]. CD45R0 as recognized by Mabs
UCHL-1, A6, and OPD4 had a reciprocal expression pattern
with CD4S5RA. Virtually all cortical thymocytes as well as
a small percentage of medullary thymocytes were positive
for UCHL-1 (fig 1d). This reciprocal relationship was
confirmed by a double staining method with these two
groups of Mab's. The findings indicate that cortical
thymocytes express CD45R0 and CD45RB molecules (180 and
190 kd), whereas medullary thymocytes express mostly
CD45RA and CD45RB molecules (220, 205 and 190 kd). The
significance of these differences in LCA composition of
the thymocyte surface remains largely unclear. However,
it has been suggested that LCA on thymccytes plays a role
in thymic education [12,22].

2b. Lymph nodes and Tonsils

2D1 (CD45) was reactive with virtually all cells.
The anti-CD45R Mab's included in the study, as well as
anti-CD45 antibody 2B11 demonstrated a restricted
reactivity pattern. The reactivities of the anti-CD45RA
Mab's had unique features. With the exception of KiB3,
they were reactive with B lymphocytes and a subset of T
cells in the paracortex (fig 3a,b). While 2H4 and MB1
were positive in mantle zone and germinal center, MT2 was
only positive in the mantle zone (fig 3c). As shown
above, the MT2 epitope is the only CD45RA sensitive to
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neuraminidase treatment. It is known that mouse B cells
will become hyposialylated upon IL-2 stimulation and
that LCA is involved in that process (9]. The absence of
the MT2 epitope from germinal center cells suggests a
similar desialylation process for germinal center cells.
This notion is supported by the finding that anti-CD45
mab 2B11l also has only very weak reactivity with germinal
center cells [43] (fig.3d). This indicates that
glycosylation outside of the variable regions may also
vary. In accordance with the above findings, peanut
agglutinin, which has binding sites that can be covered
by terminal sialic acid, binds strongly to germinal
center cells and not to mantle zone cells [32]. Recently
we have found that peanut agglutinin reactivity on
germinal center cells is largely the result of binding to
LCA [not shown]. KiB3 (CD45RA) was not reactive with T
cells in the paracortex, and although it did react with
nost B cells in mantle zone and germinal center, the
percentage of positive cells in the mantle 2zone was
around 70%, in contrast to the other anti-CD45RA Mab's
that stained all mantle zone B cells (fig 4a). Pre-
treatment of the sections with neuraminidase followed by
O-glycanase again resulted in a staining pattern for KiB3
that was identical to that of the other anti-CD45RA Mab's
{fig 4b). While T cells in the paracortex were strongly
MT3 (CD45RB) positive, B cells in the germinal center
were weakly positive and only a minority of mantle zone
B cells - up to 30% - were reactive with MT3. A
subpopulation of strongly MT3 positive small T
lymphocytes was present within the germinal center (fig
5a). In contrast, another anti-CD45RB antibody, PD7/26
was much less restricted in expression than MT3. Besides
being positive in the paracortex, PD7/26 also reacted
with B cell areas, including mantle zone and germinal
center (fig 5b). This discrepancy can be explained by the
fact that MT3 recognizes a carbohydrate group associated
with CD45RB that is not expressed on all LCA with
peptides encoded by the B exon. For instance, only
transfectants expressing peptides encoded by exons AB or
B, and not those expressing ABC or BC carry the MT3
determinant [27]. CD4S5RO reactivity was confined to the
CD45RA negative population: a majority of cells were
staining in the paracortex, but UCHL-1 (CD45R0) was
largely negative in the mantle zone and germinal center
except for T cells clustered in the light zone, mostly at
the border of the germinal center and the mantle z::.
(fig 5c). Double staining using UCHL-1 and MB1l, showed
that CD45R0* and CD45RA* cells in the paracortex area
were also largely exclusive to each other, consistent
with other studies showing that these are functionally
different lymphocyte subsets {17, 33].
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2c. 8pleen

within the white pulp of the spleer there was a
significant degree of diversity of CD45R expression.
First, as in the lymph nodes/tonsils, MT2 differed from
MB1 and 2H4 (all anti-CD45RA) in that it was not reactive
with the germinal center B cells. Mantle zone B cells
were positive for anti-CD45RA Mab's 2H4, MB1, and MT2.
KiB3 (another CD45RA) stained the majority of mantle zone
cells, but not the marginal zone B cells (fig e6a),
whereas the other three anti-CD45RA mab's were positive
on marginal zone cells as well as on 30% of cells in the
periarteriolar lymphocyte sheath (fig 64d). The
reactivities of KiB3 (CD45RA) and MT3 (CD45RB) were found
to be reciprocal. Besides its strong reactivity with 7T
cells, MT3 was also reactive with the marginal zone B
cells (fig 6c). In contrast, KiB3 was reactive with the
germinal center and mantle zone but not the marginal zone
and T cells. A double immunostaining with these two Mab's
confirmed that their expression was indeed exclusive to
each other. Removal of O-linked but not N-linked
carbohydrates resulted in a KiB3 staining pattern similar
to that of the other anti-CD45RA mab, including the
positivity with marginal zone cells (fig 6k). Although
the functional significance of marginal zone B cells is
unclear, the specific fine regulation of KiB3/MT3
expression may indicate a role of LCA in B cell function.
Marginal zone cells generally do not express IgD and CD23
and do express IgM or IgG or IgA [39]. It is possiile
that they constitute a memory B cell population [15] with
MT3 expression associated with memory B cells and KiB3
with unprimed B cells. UCHL-1 (CD45R0O) and MB1/2H4
(CD45RA) also showed a reciprocal expression pattern in
the white pulp of spleen.

2d. Peripheral Blood Mononuclear cells

Staining characteristics were analysed on a FACScan
flow cytometer (Becton Dickinson). With gating based on
flow scatter and size scatter, lymphocytes and monocytes
were examined for their LCA expression separately. To
examine t»e LCA phenotype of T ceils, T cells were
enriched vy B cell depletion. Virtually all T cells were
MT3 (CD45RB), PD7/26 (CD45RB) and 2B11 (CD45) positive.
Two subpopulations of T cells could be clearly
distinguished on the basis of CD45RA and CD45R0O
reactivities (fig 8a,b). In contrast, no distinct
subpopulations could be seen with KiB3 (CD4%.1A) staining
(fig 8c). Monocytes were largely positive for 2Bl11
(CD45), PD7/26 and MT3 (CD45RB), and UCHL-1 (CD45RO0).
Despite the UCHL-1 positivity which indicates the
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presence of CD45R0, another anti-CD45R0 antibody, OPD4,
was not reactive with peripheral monocytes (fig 9a,b),
reflecting another difference in LCA glycosylation
between lymphocytes and monocytes. Around 20% of the
monocytes expresses CD45RA as recognized by MB1l and MT2,
whereas 2H4 stains 43% of all monocytes and KiB3 staining
is highly heterogeneous. Virtually all peripheral B cells
were reactive with anti-CD45RA and PD7/26 (CD45RB) but
not with anti-CD45R0O. In addition, a significant portion
of peripheral B cells were MT3 (also CD45RB) positive.
Interestingly, the expression of KiB3 (another CD45RA)
was again highly heterogeneous, with no distinct
subpopulations distinguished. This may reflect different
degrees of desialylation of peripheral blood lymphocytes,
since the KiB3 epitope appears to be masked by
carbohydrates in most lymphoid tissue lymphocytes.

3. Conclusion

our findings indicate that the diversity in the LCA
expression pattern 1is significantly greater than
previously suspected. Different LCA molecules varying in
peptide sequence and/or carbohydrate composition are
differentially expressed in a cell-type and
maturation-stage specific fashion. Although the alternatc
splicing of mRNA can generate at least five different LCA
proteins in humans [16], the differential biosynthesis of
the LCA carbohydrates, especially those on the variable
regions, generates far more LCA heterogeneity. As the
carbohydrate portion of the LCA molecule may well be the
functionally important structure for interactions with
its biological ligand(s) [39], a more precise delineation
of LCA carbohydrate heterogeneity helps to understand how
LCA functions. LCA embodies tyrosine phosphatase activity
in lymphocytes with its well-conserved and constant
cytoplasmic domain [41]; the major control of where and
when to exert the enzymatic activity probably lies with
the highly variable extracellular domain that provides
the theoretical opportunity to interact with a variety of
ligands on other cells or perhaps on the same cell. It
has been shown that the LCA tyrosine phosphatase can
activate the T-cell tyrosine protein kinase p56 1lck that
is associated with the intracellular domains of CD4 and
CD8 [19]. It has also been shown that LCA is linked to
CD2 as well as MHC class I on the surface of T
lymphocytes [31]. Future research should focus on the
identification of the 1ligands for the |wvariable
extracellular portions of LCA.
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TABLE 1 Diagram of LCA

DiaGRraM OF LLCAS

Variable region

-
5 6 7
B c 0
L— cp4s
CD45RO
CD45RC
CD45RB

CD45RA
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Table 2. Neuraminidase Sensitivity of CD45/CD45R epitopes

£ clone CD M.W. N.S. T.R. L.A.W. ref.

1. 2D1 CD45 220/205/190/180- + + (23)

2. 2B11 CD45 220/205/190/180+ + + (43)

3. 2H4 CD45RA 220/205 - + + (30,35)

4. MB1 CD45RA 220 - + + (25)

5. MT2 CD45SRA 220/205 + - + (25)

6. KiB3 CD45RA 220/205 - + (13)

7. PD7/26 CD4SRB 220/205/190 + + + (43)

8. MT3 CD45RB 190 (220/205) + + (24)

9. UCHL1 CD45R0 180 + + + (33,37)

10 OPD4 CD45R0O 180 + + (42)

11 A6 CD45R0 180 + + + (2)

Note:

1. MT2 reactivity on mantle zone B cells persisted after 2 hours of
neuraminidase treatment.

2. PD7/26 reactivity persisted after 15 minutes of neuraminidase
treatment but completely disappeared after 30 minutes of treatment.

3. CcD: cluster designation.

4. M.W.: molecular weight as detected on peripheral blood mononuclear
cells. '

5. T.R.: Transfectant reactivity. All antibodies were tested on LCA
transfectants with and without removal of carbohydrates to establish
the variable exon specificity. + indicates reactivity; - indicates

no reactivity.
6. L.A.W.: Leukocyte Antigen Workshops: + indicates clustering as CD45
or CD4SR in one of the workshops.



31

Table 3. Expression of LCAW

<=== CD45RA —--=> <— CD45RB —> < CD45RO0 >
MB1 MT2 KiB3 PD7 MT3 UCHL-1
1.Thymocytes
a.cortical - - - + + +
b.medullary +/- +/- - + + +/-
2.Lymph node
a.interfollicular T +/=- +/- - + + +/~-
b.mantle B + + + + + (B
c.germinal center B + - + + +© -
d.germinal center T - - - +@ 4 +
3.Spleen
marginal zone B + + - + + -
4 .Peripheral monocytes +/- +/=- +/- + + +®
5.Peripheral T cells +/- +/=- +/- + + +/=
6.Peripheral B cells + + -/+ + -/+ -
Note:
W. 4+, majority of population is positive; -, majority of population is negative;
+\|\ positive and negative subpopulations.
@, some mantle zone B cells express CD45RO at low level.
©: weakly positive.
®:  Leu7* cells within the germinal center are PD7/26 dmmmdw<m (result not
shown) .

® another anti-CD45RO mab OPD4 is not reactive with peripheral monocytes.
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Fig.2

Immunoperoxidase stained paraffin slides of human thymus
stained with MB1 (CD45RA) without (2a), and with (2b)
neuraminidase pretreatment. The medulla shows an increase
of MBl1 positive thymocytes after neuraminidase pre-
treatment.
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Fig.3

Immunoperoxidase stained paraffin slides of human lymph
node stained with MB1 (CD45RA) (3a), KiB3 (CD45RA) (3b),
MT2 (CD45RA) (3c), and 2B11 (CD45)(3d). Note positive
staining of subpopulation of T cells in paracortex with
MB1 and MT2 but not with KiB3. Also notice absence of
staining of all germinal center cells with MT2 and very
weak germinal center B cell staining with 2B11, whereas
strong staining of a few small germinal center T
lymphocytes can be seen with 2B11l only.
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Fig.4

Immunoperoxidase stained paraffin slide of human lymph
node stained with KiB3 (CD45RA) before (4a) and after
removal of carbohydrates with neuraminidase and
O-glycanase (4b). Note the additional positive staining
of subpopulation of lymphocytes in paracortex, despite
the fact that the overall intensity of the staining is
the same in both slides.
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Fig.5

Immunoperoxidase stained paraffin slides of human lymph
node stained with MT3 (CD4SRB) (5a), PD7 (CD45RB) (5b), and
UCHL1 (CD45R0) {5c). MT3 stains all T cells and a small
subpopulation of B cells, whereas PD7/26 stains all
cells. UCHL1 stains a large proportion of T cells in the
paracortex as well as T cells in germinal centers.
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Fig. 6

Immunoperoxidase stained paraffin slides of human spleen.
The figures show a follicle with (from centre to
periphery) germinal center, mantle zone and marginal
zone, stained with KiB3 (CD45RA) (6a), KiB3 afte removal
of carbohydrates with neuraminidase and O~glycanase (6b},
MT3 (CD45RB) (6c), and MB1 (CD45RA) (6d). Note the
additional staining of marginal zone B cells for KiB3
after removal of carbohydrates (6b). Also note the
absence of mantle 2zone staining for MT3 in 6c, as
compared to MB1 where a strongly positive staining rim of
small mantle zone lymphocytes can be observed between
germinal center and marginal zone (6d). The strongly
positive cells in the centre of figure 6c are MT3
zecsitive germinal centre T cells.
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Fig.7

FACScan analysis ofperipheral blood T lymphocytes stained
with 2H4 (CD45RA)(7a) and KiB3 (CD45RA) (7b). Note the
heterogeneous expression of the KiB3 epitope that
contrasts with the presence of a distinct 2H4 positive
subpopulation. '
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FACScan analysis of peripherc! 3¢oJu monocytes. Negative
control (8a). Note the posivive staining for UCHL1
(CD45SR0) (8b) versus the absence of staining with OPD4
(CD45R0) (8c), despite the fact that bwith recognize CD45R0
epitopes.



40

128 L RE9, | 4P9 L EP9 , , BP9 , 1000

82

18

N
Countz Full Scale

1
|
!
|
1
l
|
[
|
|
|
|

109 et 1as a3 14

Fiuorescenca 2

22 10 1 BPR | P8, L BP9, L By, jieee

T
B !
. ] 41 | 59
K+ 1 }
i a ] [
B3I | '
: -
35
o |
[
3 |
8 f |
g |
¥ IIT‘"II 1 l‘elllll L Illlllll T T ITTINY
1wl 1@! 1@s a3 1@d

Fiunrascance ¢

Fig.9

FACScan analysis of peripheral blood monocytes. Note that
MT2 (CD45RA) stains a smaller, more distinct
subpopulation (fig 9a) as compared to 2H4 (CD45RA) that
has a more heterogeneous expression on monocytes.
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CHAPTER 3

ANTIBODY MT3 IS REACTIVE WITH A NOVEL EXON B ASSOCIATED

190 KD CARBOHYDRATE EPITOPE OF THE LEUKOCYTE COMMON
ANTIGEN COMPLEX

A version of this chapter has been published. Poppema S,

Lai R, and Visser L. Journal of Immunology 1991;147:218-
223.
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Introduction

Leukocyte common antigen {LCA, T200, CD45) is a cell
surface gly.oprotein complex of approximately 200 kd,
that has been found to be selectively expressed on all
nucleated hemopoietic cells in man, mouse and rat
[(1,2,3]. LCA is composeu of a family of at least five
glycoproteins with apparent molecular weights of 220,
205, 190 and 180 kd, that are differentially expressed on
lymphocyte subpopulations [4,5]. This heterogeneity
results from the existence of several mRNA species of
distinct sizes that arise by cell-type specific splicing
from a common precursor dgene [6,7]. It has been
hypothesized that considerable additional heterogene‘ty
results from differences in glycosylation [5]. Monoclonal
antibodies have been used to define antigenic
specificities present on these glycoproteins. Many
antibodies react with common determinants of all four
bands and are designated as anti-CD45 [8]. Several other
antibodies only recognize the two higher M.W. bands of
220 kd and 205 kd as found on B cells and a subpopulation
of mature T cells with suppressor-inducer activity (9],
and have been designated as CD45RA. One antibody, UCHL1,
is specific for the 180 kd band as present on thymocytes
and a subpopulation of mature memory T cells and does not
react with the population of CD45RA* suppressor-inducer
cells [10]. UCHL1 is now designated as anti-CD45RO.
Antibody PD7/26 reacts with nearly all hematopoietic
cells, but only recognizes 220, 205 and 190 kd bands and
not the 180 kd band [11]. It is now designated anti-
CD45RB. Here we report antibody MT3, that predominantly
reacts with a 190 kd band of the leukocyte common antigen
complex and compare the tissue distribution and
biochemical characteristics of the MT3 epitope to those
of other leukocyte common antigen antibodies.

Materials and Methods

1. Monoclonal antibeodies

Monoclonal antibodies MB1 and MT2 have been
previously described [12). MT2 is reactive with 220 and
205 kd bands and MB1 with the 220 kd band only. We also
used antibody 2H4 (Coulter Clone) as a prototype CD45R
antibody [9]. Monoclonal antibody UCHLZ, that is reactive
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with a 180 kd band was kindly provided by Dr. P. Beverley
(10]. Anti CD45 antibody HLe-1 was cbtained from Becton
and Dickinson (Mountain View, CA.). Antibody 2B11, that
is reactive with all four bands of the leukocyte common
antigen complex (anti-CD45), was kindly provided by Dr.
D. Mas>n [13]. MT3 was produced iin our laboratory from a
fusion of X63 myeloma cells with spleen cells of a mouse
immunized with Hodgkin cell line NEV that is of B cell
origin [14]. Monoclonal antibody PD7/26 that is reactive
with 220, 205 and 190 * bands, but not with the 180 kd
band (CD45RB), was V° 11y provided by Dr. D. Mason [11].
Immunohistological = - ing procedures on frozen lymph
node tissue sections ' wed that supernatant of clone
27-4D1 (MT3) had a predominant reactivity with T cell
areas.

2. Immunoprecipitation

Peripheral blood mononuclear cells were
radioiodinated using the lactoperoxidase technique {15},
and were lysed with extraction buffer containing 0.5%
NP-40. After centrifugation, monoclonal antibodies were
added to the supernatant and incubated for 2 hr.
Subsequently, aliquots were incubated for one hour with
protein A sepharose. The immunoprecipitated material was
then subjected to SDS-PAGE on a 5-20% gradient gel
cccording to the conditions of Laemmli ([16] and
autoradiographs were developed for 3 days.

3. Immunoblotting

Peripheral blood mononuclear cells were lysed with
extraction buffer containing 0.5% NP-40. After
centrifugation, the supernatant was subjected to SDS-PAGE
on a 12.5 % gel according to the conditions of Laemmli
[16]. The electrophoretic transfer to nitrocellulose was
performed according to the conditions of Towbin [17]. The
immunostainings were performed with diluted supernatants
as a first step, biotinylated goat anti-mouse Ig
antibodies as a second step and avidin peroxidase as a
third step incubation. Peroxidase enzyme staining was
done with 3-amino-9-ethylcarbazole and H202 for 10
minutes. For the preclearing experiments, peripheral
blood mononuclear cell lysate was obtained as described
above. The lysate was then preincubated three times for
four hours with Pansorbin (S. aureus) (Calbiochem, La
Jolla, Ca), coated with rabbit anti-mouse IgG Fc antibody
(Jackson, Baltimore) and MT3, whereas control lysate was
incubated with Pansorbin and rabbit anti mouse IgG Fc
antibody only. Subsequently, the precleared lysates were
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subjected to the immunoblot procedures as described
above, and stained with CD45 (anti HLe-1, 2Bl11), MB1,
M.2, 2H4, PD7/26, UCHL1 and MT3.

4. Immunohistology

Five micron thick frozen tissue sections were
airdried and fixed in acetone for 20 minutes. Three
micron thick BS fixed paraffin embedded tissue sections
were deparaffinized through xylene and graded alcohols.
The slides were incubated with 1:10 diluted supernatants
for 30 minutes, followed by a second step incubation with
peroxidase conjugated goat anti mouse Ig antibodies
(Jackson laboratories), diluted 1:50, for 30 minutes.
Primary antibodies HLe-1, 2B11, MB1, MT2, 2H4, PD7, MT3,
and UCHL1 were employed. Between incubations, the
sections were washed in phosphate buffered saline for 5
minutes. Peroxidase activity was visualized with
3-amino-2-ethylcarbazole and H202 for 15 minutes on the
frozen sections and with diaminobenzidin and H202 for 10
minutes on the paraffin sections. Nuclear counterstaining
was obtained with Mayer‘s Hemalum.

5. Reactivity with transfectants expressing human LCA
molecules

The five LCA transfectant cell lines and the control
murine pre-B lymphocyte cell line were made available to
us by Dr Michel Streuli. The establishment and
characteristics of these lines have been described by
Streuli et al [18]. The lines were grown in RPMI medium
with 10% FCS, 2mM L-glutamine and 0.5 mg/ml Geneticin.
The reactivity of all antibodies was tested by two
methods. First, cytospins were prepared from the cell
lines. These were airdried, fixed in acetone for 10
minutes and stained with an immunoperoxidase method as
described above. Secondly, the cell lines were incubated
with the anti LCA antibodies and a second step
fluorescein conjugated goat anti mouse antibody and flow
cytometric analysis of the fluorescence was performed on
a FACScan flow cytometer according to the method
described by Streuli et al [18].
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Results

1. Cell distribution

Immunofluorescence staining of PBL with MT3 and a
second-step fluoresceinated goat anti-mouse antiserum led
to staining of approximately ¢0% of the cells. The
positive population showed a bhimodal peak with
approximately 40% with dull staining and 60% with bright
staining. In addition, the antibody showed weak staining
with monocytes (fig.1) and no react-sity with
granulocytes (not shown). In bone marrow, only a small
number of lymphocytes were reactive (fig. 2). On frozen
and paraff'n tissue sections of thymus, MT3 was found to
react witii the vast majority of cortical and medullary
thymocytes, with relatively strong staining of a
subpopulation of the medullary T cells, similar to the
staining for PD7 (fig. 3). In reactive lymph nodes and
tonsils, the majority of lymphocytes in T cell areas were
stained, with subpopulations of strongly and weakly
positive cells, similar to PD7. B cell areas vwere
generally negative, except for a minority of around 10 to
30% of mantle zone B cells that were positive. This B
cell staining was confirmed by a double-staining
procedure employing fluoresceinated MT3 and
rhyroerythrin-labelled anti-cD19 (anti-Leu-12). This
clearly differed from PD7 that stained all mantle zone B
cells. T cells in germinal centers were strongly MT3
positive (fig. 4). This T cell staining was confirmed by
double-staining proc2dure with fluorescinated MT3 and
phyroerythrin-conjugated anti-CD3 (anti-Leu-4). In
spleen, T cell areas and follicles stained similar to
those in lymph nodes, but, in addition, staining of the
majority of marginal zone cells could be observed (fig
5). The B cell staining was also confirmed by a double-
staining procedure with fluorescinated MT3 and
phyroerythrin-conjugated anti-CD19 (anti~Leu-12). Plasma
cells in reactive lymph nodes were not reactive with MT3.
Langerhans' cells in the epidermis and sinus histiocytes
and epithelioid histiocytes in lymph nodes did not react
with MT3 and also not with MB1, MT2, and PD7/26, whereas
these cell types do react with conventional CD45
(220/205/190/180) antibodies and with UCHLL1. No
reactivity of MT3 was found with any non-hematopoietic
cells on a panel of normal tissues. The MT3 as well as
the PD7/26 reactivity could be completely abolished by
the pretreatment of cells and tissue sections with
neuraminidase. Staining for 2H4, a CD45RA antibody, was
not influenced by neuraminidase pretreatment.
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2. Biocheiical chara--erization

In immunoprecipitation and in immunoblotting
procedures MT3 was found to be reactive with a specific
band with an apparent molecular weight of 190 Kkd,
different from the 220/205 bands recognized by anti-
CD45RA antibodies and the 180 kd band recognized by UCHL1
(anti-CD45R0) . In additi«n, weak bands could be observed
at the 220 and 205 xd positions. PD7/26 reacted with a
190 kd band as well, but also with 220 and 205 kd bands
with about egual intensity (fig. 6). Frequently, the 220
and 205 kd bands of MT3 remained below the level of
detection in immunoprecipitation as well as in immunoblot
experiments. Pretreatment of the blots with neuraminidase
resulted in loss of staining for MT3 as well as PD7/26
(fig. 7).

Preclearing of the lysate with MT3 lead to a loss of
the 190 kd band when the precleared lysate was stained
with MT3, but only to a partial loss of the 190, a
complete loss of 205 and no detectable loss of the 220 kd
bands when stained with PD7/26 (fig. 8).

3. Transfectants

The reactivity with the transfectants is summarised
in table 1. MT3 only reacted with clones expressing the
£f1-LCA.338 (AB) and f1-LCA.623 (B) in contrast to PD7/26
that also reacted with fl-LCA.6 (ABC) and f1-LCA.260
(BC). The reactivity of the other antibodies was as
expected, except for MT2 that did not react with these
transfectants.

Discussion

Antibody MT3 is predominantly reactive with a 190 kd
glycoprotein present on human lymphocytes, as shown by
immunoprecipitation and by immunoblotting experiments.
The antigenic determinant recognized by MT3 is sialic
acid-dependent inasmuch as the staining of cells in
suspensions and in fixed tissue sections as well as the
staining of specific bands in immunoblots can be
completely abolished by preincubation with neuraminidase.
In this respect, MT3 is similar to a number of anti-LCA
antibodies, including 2B11, MT2, PD7, and UCHL-1. Other
reagents, like HLe-1, 2H4, and MB1 are not neuraminidase-
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sensitive. All forms of LCA are heavily glycosylated
[20]. The neuraminidase-sensitive epitopes are
endoglycosidase resistant, indicating that the critical
sialic acid residues are located on O- rather than N-
glycosidally linked carbohydrate chains [21].

The antigenic determinant recognized by MT3 was
suspected to belong to the LCA family based on the
molecular mass of approximately 200 kd and because of the
results of experiments that showed a specific reduction
of the 190 and 205 kd bands after preclearing of the cell
membrane lysate with MT3 [22].

The results of the staining of transfectants
indicate that MT3 recognizes a determinant associated
with the expression exon B encoded seque 2s alone (B) or
exon A plus exon B sequences (AB). The ;. .esence of exon
C sequences as in BC and ABC appears to prevent
expression of the MT3 determinant.

Antibody PD7/26 also recognizes exon B-encoded
sequences and is the prototype anti-CD45RB reagent [18].
Therefore the key comparison of MT3 relates to PD7/26. A
major difference is the finding that PD7/26 reacts with
all four transfectants expressing exon B-encoded
sequences, ie. ABC, AB, BC, and B only. PD7/26 reacts
with 220, 205, and 190 kd bands on PBMC. MT3 reacis with
a predominant 190 kd band and weak 220 and 205 kd bands.
These findings correlate with the fact that MT3 does not
react with the majority of 220 kd positive B
lymphocytes.

Our results indicate that preclearing with MT3 leads
to a considerable reduction in the staining intensity of
the 190 kd band when lysates are stained with anti-CD45
antibodies that recognize all four bkands of the LCA
complex, whereas the 190 kd staining with MT3 is
completely abolished. This is consistent with the notion
that the MT3 epitope is different from the PD7 epitope
and may 4n'y be expressed on a proportion of exon B-
encoded 1L3,

The M5 staining pattern is quite different from all
other anti-LCA antibodies. It reacts with all immature
and mature T lymphocytes and a subpopulation of
intermediate size B cells as present in the marginal zone
of the white pulp of human spleen. It is not reactive
with t-e vast majority of small B lymphocytes as found in
perirr«eral blood, in primary follicles and the mantle
zone:; of secondary follicles. Both PD7/26 and MT3 are
weakly reactive with monocytes, and not with Langerhans
cells of the epidermis, sinus histiocytes, macrophages
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and epithelioid histiocytes, that all are reactive with
conventional anti-CD45 antibodies. These results indicate
that the 190 kd variant of leucocyte common antigen as
recognized by MT3 is mainly restricted to T
lymphocytes.

The predominant reactivity of MT3 with ' cells
presents a similarity to UCHL-1 that recognize . the 180
kd band. However, MT3 reacts with all mature T cells and
thus clearly differs from UCHL-1 which only recocy.lizes
the memory T cell population [10]. In additior, MT3
reacts with a subpopulation of B cells that is vzinly
found in the marginal zone of spleen, whereas UCLi-1 is
not reactive with a significant population of noraal B
cells.

The expression of the MT3 epitope on marginal zone
B cells suggests that these cells may express a 190 kd
band in addition to the 220 and 205 bands generally found
on B cells. Marginal zone B cells are known to express
membrane IgM only and not IgM and IgD as the majority of
B cells in primary follicles and mantle zones of
secondary follicles ([23]. In addition, marginal zone
cells do not express CD23 in contrast to the majority of
mantle zone cells [24]. This suggests that MT3 reactivity
of B cells may reflect a memory B cell population. In a
study on the expression of LCA in non Hodgkin lymphomas,
we have found that plasmacytomas that are CD45 positive
in fact only express the 190 kDa variant as recognized by
MT3 and PD7/26 in immunohistology and immunoblotting
procedures, which is also confirmed by the exclusive
staining of a 190 kDa band by the conventional CD45
antibodies in immunoblots ([20].

our findings further corroborate the concept that
variants of the leucocyte common antigen are
differentially expressed on lymphocyte subsets. The
functional significance of this differential expression
is largely unknown. LCA is a transmembrane glycoprotein
that may  Dbe involved in transmembrane signal
transduction, inasmuch as the cytoplasmic domain of LCA
has tyrosine phosphatase activity [25]. Ligation of LCA
can augment or inhibit T cell activation [26, 27]. No
ligands for LCA are known. It can be speculated that LCA
binds to molecules on interacting cells, such as APC, or
alternatively to other molecules expressed on the surface
of the same cells. In both situations, different isoforms
of LCA as well as differences in glycosylation of these
isoforms might influence binding to different other
molecules on the cell surface, thus altering the
signaling properties of the cell. As an example, it has
been demcnstrated in mice that LCA is stably associated
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with the CD3/TCR complex and CD4 in memory T cells,
whereas these molecules exist as separate entities on
naive cells [28]. The presence of TCR, CD4-associated
tyrosine kinase activity and LCA -associated tyrc "ne
phosphatase activity in one complex may explain why Acg
signaling properties of memory T cells are so much more
effiecient than those of naive T cells. It will be of
interest to define which isoforms are involved in this
and other functional activities. The availability of
antibodies that are reactive with the different isoforms
and glycosylation variants of these isoforms provides one
of the tools needed for further functional studies.



50

References

1.

10.

Omary MB, Trowbridge IS, Battifora HA. Human
homologue of murine T200 glycoprotein. J £xp Med
1980;152:842-852.

Trowbridge IS. Interspecies spleen-myeloma hybrid
producing menoclonal antibodies against mouse
lymphocyte surface glycoprotein T200. J Exp Med
1978;148:313-323.

Standring R, McMaster WR, Sunderland CA, Williams

AF. The predominant heavily glycosylated
glycoproteins at the surface of rat lymphoid cells
are differentiation antigens. Eur J Immunol

1978;8:832-839.

Ralph SJ, Thomas ML, Morton CC, Trowbridge IS.
Structurz! variants of human T200 glycoprotein
(leukocyte common antigen) EMBO J 1987;6:1251-1257.

Thomas ML. The leucocyte common antigen family. Ann
Rev Immunol 1989;7:339-369.

Streuli M, Hall LR, Saga Y, Schlossman SF, Saito H.
Differential usage of three exons generates at least
five different mnRNA's encoding human leukocyte
common antigens. J Exp Med 1987;166:1548-1566.

Ssaga Y, Tung J-S, Shen F-W, Boyse EA. Alternative
use of 5' exons in the specification of Ly-5
isoforms distinguishing hematopoietic cell lineages.
Proc Natl Acad Sci USA 1987;84: 5364-5368.

Cobbold S, Hale G, Waldmann H. Non lineac e, LFA-1
family, and leucocyte common antigens: 1 wly and
previously defined clusters. In: Leucocyte Typing
III, Ed. AJ Mc Michael et al, pp 788-803, Oxford
Ur .crsity, Press, Oxford, UK.

rakeuchi T, Rudd CE, Schlossman SF, Morimoto C.
Induction of suppression following autologous mixed
lymphocyte reaction: role of a novel 2H4 antigen.
Eur J Immunol 1987;.7:97-103.

Terry LA, Brown MH Beverley PC. The monoclonal
antibody UCHL1 recognizes a 180,000 MW component of
the human leukocyte common antigen, CD45. Immunology
1988;64:331-336.



11.

12.

13.

14.

15.

l6.

17.

18.

19.

20.

51

Pulido R, Cebrian M, Acevedo A, De Landazuri MO,
Sanchez-Madrid F. Comparative biochemical and tissue
distribution study of four distinct CD45 antigen
srncificities. J Immunol 1988;140:3851-3857.

e pema S, Hollema H, Visser L, Vos H. Monoclonal
antibodies (MT1, MT2, MB1, MB2, MB3) reactive with
leukocyte subrets in paraffin-embedded tissue
sectic¢ns. Am J Pathol 1987;127: 418-429.

Warnke RA, Gatter KC, Falini B, Hildreth P, Woolston
RE, Pulford ¥, Cordell JL, Cohen B, De Wolf-Peeters

C, Mason D¥. Diagnosis of human 1lymphoma with
monoclona’ -ileukocyte antibodies. N Engl J Med
1983;309: 1281.

Poppema S, ue Jong B, Atmosoerodjo J, Idenburg V,
Visser L, De Leij L. Morphological, immunological,
enzymehistochemical and chromosomal analysis of a
cell line derived from Hodgkin's disease: evidence
for a B cell origin of Reed-Sternberg cells. Cancer
1985;55:683-690.

Nachman RL, Hubbard A, Ferris B. Iodination of the
human platelet membrane. J Biol Chem 1973;248:2928-
2934,

Laemmli UK. Cleavage of structural protein during
the assembly of the head of bacteriophage T4. Nature
1970;227:680-685.

Towbin H, Staehelin T, Gordon J. Electrophoretic
transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some
applications. Proc Natl Acad Sci USA 1979;76:
4350-4354.

Streuli M, Morimoto C, Schrieber M, Schlossman SF,
Saito H. Characterization of CR45 and CD45R
monoclonal antibodies using transtected mouse cell
lines that express individual human leukocyte common
antigens. J Immunol 1988§;141:3910-3914.

Streuli M, Matsuyama T, Morimoto C, Schlossran SF,
Saito H. Identification of the sequence reguired for
expression of the 2H4 epitope on the human leukocyte
common antigens. .J Exp Med 1987;166:1567-1572.

Morishima Y, Ogata N, Collins H, Dupont B, and Lloyd
KO. Carbohydrate differences in human high molecular
weight antinens of B- and T-cell lines.
Immunogenetics 1982;15:529-535.



21.

22.

23.

24.

25.

26.

27.

28.

52

Bazil V, Hilgert H, Kristofova, Maurer D, and
Horejsi V. Sialic acid-dependent epitopes of CD45
molecules of restricted cellular expression.
Immunogenetics 1989;29:202-205.

Poppema S, Visser L, Lai R, Shaw A, Slupsky J.
Antibody MT3 is reactive with a predominant 190-kDa
band of the leucocyte common antigen in
plasmacytomas. In: Leucocyte Typing IV, ed. Walter
Knapp, ed. Ooxford University Press, 1989;pp637-639.

Timens 'i, Poppema S. Lymphocyte compartments in
human spleen: an immunohistologic study of normal
spleens and non-involved spleens in Hodgkin's
disease. Am J Pathol 1985;120:443-454.

Kikutani H, Suemura M, Owaki H, Nakamura H, Sato R,
Yamasaki X, Barsumian EL, Hardy RR, Kishimoto T.
FCE receptor, a specific differentiation marker
transiently expressed on mature B cells before
isotype switchinw. J Exp Med 1986;164:1455-1469.

Tonks NK, Charbonneau H, Diltz CD, Fischer EH, and
Walsh KA. Demonstration that the leukocyte common
antigen CD45 is a protein tyrosine phosphatase.
Biochemistry 1988;27:8698-8701.

Ledbetter JA, Tonks NK, Fischer EH, and Clark EA.
CD45 regualates signal transduction and lymphocyte
activation by specific association with receptor
molecules on T or B cells. Proc Natl Acad Sci
USA;1988:85:8628-8632.

Bernabeu C, Carrera AC, Landazuri MO, and Sanchez-
Madrid. Interaction between the CD45 antigen and
phytohemagglutinin: inhibitory effect on the lectin-
induced T cell proliferation by anti-CD45 monoclonal
antibody. Eur J Immunol 1%<7;17:1461-1466.

Dianzani U, Lugwman M, Rojo J, Yagi J, Baron JL,
Woods A, Janeway CA, and Bottomly K. Molecular
associations on the T cel’ surface correlate with
immunological memory. Eur J Immunol 199C;20:2249-

2257.



53

TABLE 1 REACTIVITY WITH LCA TRANSFECTANTS

LCA.1
LCA.260
LCA.338
LCA.6
LCA.623

pZip

o)
BC
AB
ABC

+ - - - - - - +
+ - - - - + - -
+ + + + - + + -
+ - + + - + - -
+ - - - - + + -
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Fig 1.

Flow cytometric analysis of peripheral bl:oad lymphocytes
and monocytes with MT3 and PD7. Controls a.e shown in A
for 1lymphocytes and in D for monocytes. Note the
relatively strong staining of lymphocytes (B, PD7; C,
MT3) compared to that of monocytes (E, PD7; F, MT3). Also
note the bimodal pattern of bright- and dull~staining
lymphocytes in B and C.



Fig.2
Immunoperoxidase stain for MT3 on bone marrow biopsy.
only small lymphocytes show positive membrane staining.
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Fig.3

Immunoperoxidase staining for MT3 on paraffin tissue
section of thymus. Note the strong staining of a
proportion of the medullary thymocytes surrounding the
Hassall's corpuscle (left) as compared to the relatively
weak staining of the majority of thymocytes in the cortex
--ight).



57

Fig.4

Immunoperoxidase staining of reactive lymph ncde with MT3
(A) and with PD7 (B). MT3 stains the majority of T cells
ir T cell area (right) and minority of T cells in
germinal center of follicle (left). Mantle zone B cells
and germinal center B cells are not reactive (A). PD7
stains all cells in T cell area and follicle (B).
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Fig.5

Immunoperoxidase staining of white pulp of spleen with
MT3. Note positive staining of T cells around arteriole
on bottom right and in germinal centre in the centre. The
mantle zone appears as a predominantly negative rim
between germinal centre and positive staining marginal
zone (A). PD7/26 stains virtually all cells of the white
pulp, including mantle 2zone cells in contrast to the
absence of MT3 staining in that area.
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Fig.6

Immunoblots of PBMC lysate stained for 2B11 (CD45), 2H4
(CD45RA), PD7/26 and MT3, and UCHL-1 (CD45RO). MT3 shows
relatively strong 190 kd band as compared to the 220 and
205 kd bands, whereas the 220-, and 205-, and 190-kd
bands of PD7/26 are of equal intensity. PD7/26 and MT3
are not reactive with the 180 kd band. All reagents also
show nonspecific staining of some lower molecular mass
bands.
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Fig.7

Additional immunoblots of PBMC stained for PD7 (lane a)
and MT3 (lane b) demonstrating the predominant 190 kd
sta’ 'ing of MT3. Pretreatment of the blot with
neuraminidase results in loss of MT3 staining (lane c).



Fig.8

Imunoblots of PBMC lysate stained with MT3 (lane a), and
with MT3 after preclearing with MT3 (lane b), as well as
with PD7/26 (lane c) and with PD7/26 after preclearing
with MT3 (lane d). Preclearing results in a complete
deletion of the MT3 staining and a partial reduction of
the PD7 staining, suggesting that MT3 reacts with only a
proportion of exon B-encoded LCA.
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CHAPTER 4

NEW ANTI CD4SRB ANTIBODIES REACTIVE WITH LYMPHOCYTE
SUBSETS

A version of this chapter has been submitted for
publication.
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introduction

LCA (T200, CD45) is a cell surface glycoprotein
coaplex of approximately 200 kd that is selectively
ex:.aessed on all nucleated hemcpoietic cells in humans
(2¢i. It is known that differences in the peptide
baciihmne between LCA variants are due to selective
expxrx. .;sion of three variable regions, commonly labelled
A, B znd C [6,19]). In the IVth Workshop on Leukocyte
Antigen:, only one monoclonal antibody (Mab), PD7/26 [12,
13, 2C¢;, was found to have reactivity with the B region
and was assigned to the CD45RB cluster ([16]. This
antibody is reactive with LCA isoforms with molecular
weights of 220, 205 and 190 kd, and reacts with LCA
transfectants with the expressicn of the B variable
region but not those without [19]. At this workshop we
presented a new anti-LCA reagent, MT3, that had
predominant reactivity with a 190 kDa band and additional
weaker reactivity with 220 and 205 bands. Since then we
have determined that MT3 reacts with LCA transfectants
expressing exon B associated epitopes, such as B only and
AB, but not BC or ABC [11]}. The PD7/26 as well as the MT3
epitopes are sialic acid dependent, since both of them
are sensitive to neuraminidase treatment (5, 1i, 13].
Significant differences in reactivity patterns with
lymphoid tissues can be shown between these two reagents:
the PD7/26 epitope is present on virtually all T and B
lymphocytes [5, 13], but the MT3 epitope is 1largely
restricted to T cells and a subpopulation of B cells
present in the marginal zone of spleen [5, 11). Here we
report two Mab's 6G3 and 6B6, which recognize CD45RB
epitopes with characteristics different from those
recognized by PD7/26 and MT3. We analysed the nature of
these two epitopes using LCA transfectants and
immunoblotting method. We also compared the reactivities
of these two Mab's with both PD7/26 and MT3 with cells in
different lymphoid compartments. The availability of
these reagents provides more insight into the complexity
of LCA expression in the immune system.

Materials and Methods

1. Monoclonal Antibodies and LCA Transfectants

Monoclonal antibodies 6B6 (IgGl) and 6G3 (IgGl) were
produced by the fusion of myeloma cell line SP2/0 and
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spleen cells from a mouse immunized with human large cell
non-Hodgkin 1lymphoma cell line VER. Antibody MT3 was
previously produced in our laboratory, and PD7/26 [22]
was kindly provided by Dr. D. Mason (Oxford, UK). UCHL-1
(IgG2a), an anti-CD4SRO Mab, was kindly provided by Dr.
P. Beverly (UK). The LCA transfectant cell lines [19]
were kindly provided by Dr. M. Streuli (Boston, USA).

2. Cells

Peripheral blood was nbtained from healthy donors.
Mononuclear cells were .isolated using Ficoll-paque
(Pharmacia) following the protocol supplied by the
manufacturer. Tonsils used in immunohistochemistry
studies were received from the routine tonsillectomy
service in a local hospital. Spleen tissue was obtained
from the spleenectomy procedure for tramatized patients.
Reactive lymph nodes were from routine biopsy in a local
hospital.

3. Immunofluorescence staining and flow cytometry

For single stainings, peripheral mononuclear cells
or LCA transfectant cells were incubated with anti-CD45
mab's for 30 minute~. After three washings with PBS (pH
7.5), FITC-conjugat d goat anti-mouse antibody was added
to the cell suspen-:ion for 30 minutes. For analysis of
peripheral B cells, cells was first treated as above and
then incubated wii: mouse serum (Sigma) followed by
anti-CD20 conjugate . with PE (Becton Dickinson). For
analysis of peripher 1 T cells, we carried out triple
stainings: after the stainings with anti-CD45RB's and
PercP-conjugated anti-CD3 (Becton Dickinson) in the same
protocol as for double stainings described above, UCHL-1
(IgG2a) was added to the cell suspension pre-blocked by
mouse serum. The stainings were finalized with PE
coniugated anti-mouse IgG2a. Flow cytometry analysis was
performed with a FACScan (Becton Dickinson).

4. Lysate Preparation

Fresh peripheral mononuclear cells were treated with
a lysis buffer containing 1% NP-40 on ice for 45 minutes.
The supernatants were collected and centrifuged at 3000
rmp to eliminate the debris. The lysate containing
supernatant was kept frozen at -20 C before use.
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S. £:5~PAGE elactrophoresis and immunoblotting

Lysate were treated with sample buffer containing
10% SDS, Tris-HCl (0.5M, pH 6.8) and warmed at 60 C for
15 minutes. Subsequently, they were subjected to
SDS-electrophoresis (5% gel) and immunoklotted onto
nitrocellulose paper. For immunodetection, nitrocellulose
paper strips in an incubation buffer containing 20 mM
Tris, 500 mM NaCl and Tween 20 (500 ulL/L of buffer,
Sigma) were first incubated with the various anti-LCA
antibodies, followed by biotinylated rabbit anti-mouse
mab (Dakopatts, Denmark) and peroxidase conjugated avidin
(Dakopatts, Denmark). Peroxidase enzyme staining was done
with 3-amino-9~ethylcarbazole (Sigma) and H202. Each step
had a 60 minute incubation and 3 washes with incubation
buffer between steps.

6. Immunohistology and neuraminidase treatment

Three-wicron thick Bs~-fixed paraffin-embedded tissue
sections were deparaffinized through xylene and graded
alcohols. The slide were incubated with 1:10 diluted
supernatants for 30 minutes, followed by a second step
incubation with peroxidase-conjugated rabbit anti-mouse
Ig antibodies (Jackson Lab.), diluted 1:50, for 30
minutes. Peroxidase activity was visualized with
3-amino-9-ethylcarbazole and H202 for 10 minutes. For
neuraminidase treatment, immunoblots were incubated with
10 ug/mL of neuraminidase in PBS (pH 7.5) for 15 minutes
at 37 C. The subsequent steps in immunodetection were the
same as above.

Results

1. Biochemical Analysis of the epitopes recognized by the
anti-CD45RB antibodies

Reactivities of the different Mab's (6G3, 6B6, MT3
and PD7/26) with LCA transfectants were analysed by
flow cytometry. 6G3 and 6B6 were strongly reactive with
all four clones carrying exon B encoded sequences (figure
1) . The results strongly suggest that 6B6 ard 6G3 are
anti-CD45RB antibodies.

The identities of 6B6 and 6G3 as anti-CD45RB
reagents were further confirmed by the molecular weight
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studies utilizing immunoblotting technique (figure 2).
Using lysates prepared from peripheral blood mononuclear
cells, we observed that PD7/26 recognized three bands of
equal intensity at 220, 205 and 190 kd. 6G3 as well as
6B6 had similar patterns as PD7/26. MT3 had a strong 190
kd band and two weak bands at 220 and 205 kd. We also
tested whether the epitopes recognized by different
anti-CD45RB mab's were carbohydrate associated
structures. Immunoblots prepared from peripheral blood
mononuclear cells stripped of sialic acid by
neuraminidase treatment were stained with anti-CD45RB
Mab's. PD7/26, MT3 and 6G3 were not reactive with the
sialic acid-deprived LCA, whereas 6B6 as well as the
anti-CD45 marker HLe-1 remained reactive with the LCA
complex without sialic acid. Further removal of either
O-linked or N-linked carbohydrates did not abrogate the
reactivity of these two Mab's (results not shown). These
results indicate that the epitopes recognized by PD7/26,
MT3 and 6G3 are carbohydrate associated structures
whereas the 6B6 epitope is 1likely to be a protein
structure.

2. Reactivity patterns in lymphoid tissue

All four anti-CD4SRB Mab's showed stronger
reactivity with medullary thymocytes than with cortical
thymocytes. However, within the medullary thymocytes
population, there were two distinct subpopulations - 6G3
strong and 6G3 weak. This difference of expression
intensity shown with routine immunohistochemistry was
also evident with MT3 staining, but not with 6B6 or
PD7/26. For the tonsils (fig. 3), the reactivity of 6B6
was similar to PD7/26: both antibodies reacted with
almost all cells at equal intensity. MT3 had a more
restricted reactivity pattern, being strongly reactive
with all T cells, but also with up to 30 % of mantle zone
B cells and very weakly with the germinal center B cells.
Staining with B cells was weaker than with T cells. 6G3
was largely not reactive with the germinal center B cells
but it stained 1lymphocyte subpopulations within the
mantle zone with variable intensity. The reactivities of
the anti-CD45RB's with reactive lymph nodes were similiar
to those found in tonsils.

Within the spleen, the reactivity of all anti-CD45RB
mab's toward the mantle zone and germinal center followed
the same pattern as in tonsils and lymph nodes. Marginal
zone B cells were recognized by all anti-CD45RB Mab's,
including MT3.
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3. Reactivity with peripheral blood lymphocyte subsets

With a double staining procedure of peripheral blood
mononuclear cells, cells gated for CD20 positivity could
be analysed for their CD45RB expression and coexpression
of IgM, IgD and CD23. PD7/26 and 6B6 were strongly
reactive with most of the peripheral B cells. 1In
contrast, these B cells were largely 6G3/MT3%" with a
distinct smaller population being 6G3/MT3"*" (figure 4).
The 6G3/MT3%" population coexpressed IgM and IgD as well
as CD23, whereas the 6G3/MT3" " population expressed IgM,
but not IgD and CD23 (data not shown).

Peripheral T cells gated for CD3 positivity were
also analysed by flow cytometry for their expression of
CD45RB. Although staining with PD7/26 and 6B6 did show
the existence of CD45RB™"™ and CD45RB%™ subpopulations,
the CD45RB™ subpopulation was much more evident with MT3
and 6G3 staining (figure 5). We further studied the
relationships between the CD45RB dim/bright peripheral T
cells and memory-T cell marker UCHL~-1 (anti-CD45RO).
Double stainings of peripheral T cells with UCHL-1 and
the panel of anti-CD45RB's were performed on 5 healthy
individuals cf 4ifferent ages. All four anti-CD4SRB Mab's

showed the -r- .- of at least three populations of CD3+
cells: 1) Cii :. - ¥ :D45RB%™; 2) CD4SRO™&"/CD45RB"®"; and
3) CD4S5RO%™;cpazyt ", In addition, MT3 and 6G3 staining
showed a tz. ¢~ .. gulation which was CD45R0O%"/CD45RB‘™
(figure 6). - . small population was more prominent in

the blood frc¢w the older donors. Furthermore, we observed
that the CD45RBY™ cells were largely found in the CD4+ T
cell subset but not in CD8* subsets. The double stain for
CD45RB and CD56 showed that most CD56*' cells were
CD45RB™ ™ (figure 7).

Discussion

Based on their reactivities with the [LCA
transfectants and on the molecular weight studies, we
conclude that 6B6 and 6G3 are anti-CD45RB Mab's. These
two new mab's share the basic common reactivity pattern
with PD7/26, the prototypic anti-CD45RB, which is
reactive with virtually all lymphocytes found in various
lymphoid compartments. However, they differ from PD7/26
in some aspects: (a) the 6B6 epitope is most 1likely
expressed on the protein backbone of LCA while the other
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anti-CD45RB mab's recognize neuraminidase sensitive
epitopes; (b) 6G3 is not reactive with the germinal
center B cells and shows pronouced differences in
staining intensity on T and B cells. With a double
immunofluorescence staining technique analysed Dby
FACSCAN, we found that the staining intensity of 6G3 is
largely in direct proportion to that of MT3 (not shown).
This suggests that 6G39m cells corresponds to the MT3
negative cells with our immunoperoxiase stainings on
tissuer sections. Similarly, 6G3%®" cells corresponds to
MT3 positive cells. Therefore, 6G3 and MT3 recognize
different but closely related epitopes of CD45RB. As both
the 6G3 and MT3 epitopes are sialic acid associated and
their reactivity patterns are restrictive, it can be
concluded that the LCA B region encoded peptides are
differentially glycosylated on different cell types.
Similar conclusion can also be drawn based on the fact
that germinal center B cells are positive for 6B6 and
PD7/26 but largely negative for MT3 and 6G3. This
phenomenon probably relates to the hypoglycosylated state
of germinal center B cells and the corresponding
expression of the peanut agglutinin receptor in the
germinal center ([17].

With MT3 and 6G3, we were able to distinguish at
least two T subsets, namely MT3 negative (or 6G3%") and
MT3 positive (or 6G3"#") in various lymphoid compartments
suc- as mantle zones and the peripheral blood. They may
represent cells at different stages of differentiation.
A5 marginzl zone B cells were postulated as memory B
cells [11], MT3*/6G3" B cells may have similar
functional characteristics. This is supporte.i by the
findings that the 6G3%"/MT3" B cells coexpresseu IgM, IgD
and CD23 suggesting that this is a virginal B cell
population, whereas the 6G3"®"/MT3* B cells only
expressed IgM, and they were both IgD and CD23 negative.

We also compared reactivities of various
anti-CD45RB's with peripheral T cells. The CD45RB%" CD3
positive subsets are more prominent with 6G3 or MT3 than
with PD7/27 or 6B6. This suggests that a portion of
peripheral T cells is 6B6 (or FD7/26) bright and 6G3 (or
MT3) dir. In fact, the CD3*/CD45RB%"/CD45RC"™®" subset
which is predominantly CD4* is identifiable with 6G3 or
MT2 staining. This presumably reflects the fact that this
subset of T cells (mostly <¢cD4*) is selectively
hvposialylated on the CD45RB region such that MT3 and 6G3
epitopes are downregulated. The CD45RB expression of T
cells has been mostly studied in the mouse model [1,2,6].
The concept is that the CD45RB*®" T cells represents the
virginal TH1 cells whereas the CD45RB® T cells contain
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both memory TH1 and TH2 cells ({7]. The furctional
delineation of T cells on the basis of CD45RB in humans
is much less clear, although attempts to delineate human
functicnal subsets ¢ 1 the basis of cytokine production
have been made [3,8]. In this study, we demonstrated the
distinction of at least four different T subsets: 1)
CD45RB  “Ym/CD4SRO  breM: 2) CN4 5RBY &M/ CD4 SROPSM ; 3)
CD45RB™@"/CD45R0%™"; and 4) CD4SRB*"/CD4S5ROY™. How these
different T subsets fit into the TH1/TH2 model remains to
be studied, and the new anti-CD45RB's promise to provide
useful tools in this regard. This heterogeneity within
the pattern of CD45RO expression has also been observed
by others [4,23]. The CD45RO*™ T cells may represent
‘transitional T cells' [23], and are mostly CD45RB™#".

In summary, we produced ard analysed two new
anti-CD45RB Mab's and compared them with PD7/26 and MT3.
The differences in reactivities among these Mab's provide
insight into the role of glycosylation of the CD45RB
region in creating the observed complexity of LCA
expression within the immune system. Similar differential
expression of CD45 glycosylation has also been observed
in the CD45RA region [5]. The functional significance of
these unique ¢iycosylations is unknown. Since LCA as a
tyrosine phosphatase is capable of interacting with many
different cell surface molecules [9,15,18,21], it is
conceivable that heterogeneity in glycosylation on top of
the rather limited variation of the peptide backkone
plays a key role in determining the exact ligands. The
identification of functionally different subsets in both
T and B cells also requires further study.
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Fig.1l

FACScan analysis of LCA *transfectants with 6Bé (upper
panel) and 6G3 (lower panel). Both antibodies show
positive staining with the transfectants expressing ABC,
AB, BC and B, whereas the control cells and the
transfectant expressing 0 only are negative. This
indicates that both antibodies are reactive with an
epitope associated with the B exon of LCA.
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Fig.2

Western blots of lysates prepared from peripheral blood
lymphocytes stained with HLe-1 (lane A) as a CD45
control, showing 4 bards at 220, 205, 190 and 180 kd, 6B6
(lane B), MT3 (lane C), PD7/26 (lane D) and 6G3 (lane E).
It can be seen that 6B6, PD7/26 and 6G3 stain three bands
of 220, 205 and 190 kd with approximately equal
intensity, whereas MT? shows prominent staining of the
190 kDa band and extren2ly weak staining of the 220 and
205 bands.
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Fig.3a
Tmmunoalkaline phosphatase staining for 6G3 on the
reactive follicle in tonsils. The germinal center B

cells are negative, mantle zone B cells show variable
staining with dim and bright cells, and extrafollicular
T cells show dim and bright subsets.
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Fig.3b

Higher magnification of the same follicle stained for 6G3
shows negative germinal center (left) with few positive
T cells, dim and bright staining mantle zone cells
(centre) and dim and bright staining extrafollicular T

cells (right).
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Fig.3c

High magnification of same follicle stained for MT3 shows
negative germinal center (left) with few positive T
cells, negative and positive mantle zone B cells (centre)
and dim and bright staining extrafollicular T cells
(right).
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PD7 686 MT3 6G3
1g. 4
Two-culoy analysis Ly FACScan for CD20 and the four anti-
CI'45RE  reagents, The results show an one-peak

distribution with PD7/26 and 686, whereas MT3 and 6G3
identify a major dim and a minor bright population.
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PD7 686 MT3 6C3

Fig.5

Two-color analysis by FACScan for CD3 and the four anti-
CD45RB reagents. The results show minor dim populations
with PD7/26 and 6B6 and major dim populations with MT3

and especially 6G3.
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Fig.6

Three-color analysis by FACScan of CD3 positive cells for
CD45RO versus 6B6 or 6G3. The results show three
populations (ROYe™/RB%"; RQ"e"/RBYEM; and RO /RB'") with
6B6, whereas 6G3 identifies an additional small
population of ROY"/RB™*™ cells.
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Fig.7

Two color analysis by FACScan CD4, CD8 and CD56 versus
CD45RB (6B6). The results demonstrate the presence of
cells with dim CD45RB expression in the CD4 subset, bhut
not the CD8 subset, including both the CD8 bright and dim
populations. In addition, a CD56'" cells are unitormly
CD45RBY™,



CHAPTER 35

MONOCLONAL ANTIBODY OPD4 IS REACTIVE WITH CD45RO, BUT
DIFFERS FROM UCHL1i BY THE ABSENCE OF MONOCYTE REACTIVITY

A version of this chapter has been published. Poppema, S,
Lai, R and Visser, L. American Sournal of Pathology 1991;
139:725-729.
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Introduction

Monoclonal aatibody OPD4 was described as
recognizing a helper/inducer T cell subset on paraffin
tissue sections. The molecular weight of the OPD4 antigen
was reported as 200 kd. The antibody was found to be
reactive with about half of the cases of T cell
lymphomas. It was suggested tihat OPD4 may be useful for
the diagnosis and study of malignant lymphomas and other
related diseases [1]. Recently, OPD4 has become
commercially available for such studies. The reported
distribution and the molecular weight of the OPD4 antigen
resemble those of the restricted leukocyte common an-—=
tigen, CD45R0O, as recognized by monoclonal antibody UCHL1
[2,3]. UCHL1l recognizes a restricted leukocyte common
antigen isoform with a molecular weight of 180kd that is
expressed on a lymphocyte subset of memory T cells [4].
Therefore, we have analysed the biochemical
characteristics, the tissue distribution and the
reactivity of OPD4 with LCA transrectants and compared
the results with those of UCHL1l.

Materials and Methods

1. Reagents

Monoclorial antibody OPD4 was a gift of Dr. T.
Yoshino. Antibody UCHL1 (CD45RO) was a gift by Dr. P.
Beverley. Other reagents used for comparison were HLe-1
(CD45), obtained from Becton and Dickinson, 2H4 (CD45RA)
from Coulter, MB1 (CD45RA) and MT3 (CD45RB), both
produced in our own lab, and PD7/26 (CD45RB), that was
kindly provided by Dr. D. Mason [5,6,7,8,9]. The five LCA
transfectant cell lines and the contrcl murine pre-B
lymphocyte cell line were made available to us by Dr. M.
Streuli. The establishment and characteristics of these
lines have been described by Streuli et al ([10]. The
lines were grown in RPMI medium with 10% FCS, 3mM
L-glutamine and 0.5 mg/ml Geneticin. The cell lines were
incubated with the anti LCA antibodies and a second step
fluorescein conjugated goat anti-mouse antibody. Flow
cytometric analysis of the fluorescence was performed on
a FACScan flow cytometer.



2. Immunoblotting

Peripheral blood mononuclear cells were lysed with
extraction buffer containing 0.5% NP-40. After
centrifugation, the supernatant was subjected to SDS-PAGE
on a 5% gel according to the conditions or Laemmli [11].
Th: electrophoretic transfer to nitrocellulose was
performed according to the conditions of Towbin (12]. The
immunostainings were performed with diluted supernatants
as a fivst step, biotinylated goat anti-mouse Ig
antibcdies as a second step, and avidin peroxidase as a
third step. Peroxidase enzyme staining was done with
3-amino-ethylcarbazole and H202 for 10 minutes.

3. FACScan Staining and Blocking Experiments

Peripheral blood mcnonuclerar cells were incubated
with OPD4 or control antibodies and subsequently with
fluorescein-conjugated goat anti-mouse Ig antibodies
(Becton Dickinson), and lymphocytes and monocytes were
analyzed separately by the setting of the appropriate
gates.

For the blocking experiments, the cells were first
incubated with unlabeled OPD4 (mouse Ig subclass IgGl)
and subsequently with UCHL1 (mouse Ig subclass I1IgG2),
fcllowed by a second step reagent that reacts with mouse
IgG2. In addition, cells were preincubated with UCHL1,
followed by OPD4 and a second step anti-mouse IgGl
reagent. The staining intensity was compared to that
without preincubation with the first reagent.

4. Immunohistology

Five lymph nodes, three tonsils and three spleens
submitted for diagnostic reasons and five fragments of
normal thymus tissue, removed for technical reasons
during cardiac surgery, were either fresh frozen in OCT
or fixed in B5 or formalin. In addition, frozen tissue
and B5 fixed tissue of twelve T cell lymphomas that
previously had been extensively phenotyped was studied.
Five micron thick frozen tissue sections were airdried
and fixed in acetone for 20 minutes. Three micron thick
B5 fixed paraffin embedded tissue sections were
deparaffinized through xylene and graded alcohols. The
slides were incubated with 1:10 diluted supernatants for
30 minutes, followed by a second step incubation with
peroxidase-conjugated goat anti-mouse Ig antibodies
(Jackson Laboratories), diluted 1:50, for 30 minutes. In
between incubations the sections were washed in phosphate
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buffered saline for 5 minutes. Peroxidase activity was
visual’ sed with 3-amino-9-ethylcarbazole and H202 for 15
minute. on the frozen sections and with diaminobenzidin
and H-. 2 for 10 minutes on the paraffin sections. Nuclear
counterstaining was obtained using Mayer's Hemalum.
Cytospins of peripheral blood mononuclear cells were
stained with the same methods as the frozen sections.

To test for sialic acid dependence of the antigenic
epitopes, slides were incubated with neuraminidase
(Sigma) at a concentration of 10 milliunits per mL of
incubation buffer, at 37 C for 30 minutes and
subsequently washed in phosphate buffer [13]. Next the
staining was performed as described above. Staining for
2H4 that is not neuraminidase-sensitive was performed
as a c¢ontrol.

Results

1. Biochemical Characteriscics

The molecular weight of the antigen recognized by
OPD4 was 180 kd, very similar to that of the LCA isoform
recognized by UCHL1 (fig. 1). It clearly differed from
the molecular weights of other restricted LCA antigens
such as those recognized by CD45RA or CD45RB reagents.
The antigenic determinant was sensitive to neuraminidase,
once agair similar to the UCHL1 determinant.

2. Flow Cytometric Analysis

FACScan analysis of peripheral blood lymphocytes and
monocytes indicated that approximately 60 percent of the
peripheral blood lymphocytes stained for OPD4 with a
staining profile identical to that of UCHL1 (f£ig. 2).
However, OPD4 had no or only very weak staining with
peripheral blood monocytes, whereas UCHL1 showed
relatively strong monocyte staining (fig. 2). This was
confirmed by immunoperoxidase staining on cytospins of
peripheral blood mononuclear cells. Also, OPD4 did not
react with granulocytes, whereas UCHL1 did. The blocking
experiments showed that OPD4 and UCHL1 react with
different epitopes, since OPD4 did not block staining
with UCHL1, and UCHL1 did not block staining with OPD4.
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In tissue sections, the staining pattern of OPD4 was
identical to that of UCHL1. Both antibodies stained in
acetone- fixed frozen sections as well as in B5-fixed and
in formalin-fixed paraffin sections. However, staining
intensity and tissue morphology were superior in the BS5-
fixed sections. OPD4 as well as UCHL1l stained cortical
thymocvtes and a proportion of the medullary thymocytes
(fig. 3a). In addition, both reagents stained about 60%
of the lymphocytes in lymph nodes, tonsils and spleen in
the known T-cell areas. No staining of the majority of
lymphocytes in follicles (B-cell areas) was observed (fig
3b). In a series of T cell lymphomas, including
lymphoblastic. small lymphocytic, mixed small and large
cell and large cell cases, 83% of the cases were positive
for both UCHL1 and OPD4, with identical staining ir all
cases.

3. Reactivity with transfectants

OPD4 and UCHL1 were tested against a panel of LCA
transfectants, expressing the ABC, AB, BC, B or none (O)
of the variable exon encoded regions. A series of known
CD45, CD45RA and CD45RB reagents were used as controls.
OPD4 was found to only react with the transfectant
expressing none of the variable exon encoded regions and
was identical to UCHL1 in this respect. The staining
results are illus%irated in fig. 4 and summarized in table
5.

Discussion

The resuii- «f the transfectant staining clearly
indicate that Cii. reacts with a leukocyte common antiyen
epitope that is ., exposed in the absence of expression

of variable reginn encoded sequences. Antibodies reactive
with this deterninant, such as UCHL1 have been designated
to cluster CD45RO [2,5]. This conclusion is supported by
the results of the gel electrophoresis and immunoblots
that indicate a molecular weight of 180 kd for the OPD4
antigen, again similar to that of UCHL1 (3].

The staining pattern of OPD4 indicates reactivity
with a subset of T 1lymphocytes. The only difference
between OPD4 and UCHL1 is the absence of detectable
staining of monocytes and granulocytes by OPD4. This may
well be the result of differences in carbohydrate
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composition between lymphocytes and ronocytes and
granulocytes that may be recognized by the two reagents
that both react with neuraminidase-sensitive
determinants. In our immunoblots it can be observed that
UCHL1 and OPD4 recognize two bands around 180 kd. An
argument for the two reagents recognizing different
epitopes of the CD45RO antigen is provided by the absence
of blocking in our flow cytometric analyses.

In the original description of OPD4 the reactivity
in thymus was reported as being confined to few
thymocytes in cortex as well as medulla [1]. In our tests
the staining pattern was identical to that of UCHL1 with
weak staining of the majority of cortical thymocytes and
stronger staining of a minority of thymocytes. Although
we cannot exclude differences in antigen expression
between Japanese and North American individuals or
another form of polymorphism of the antigen expression,
the most likely explanation is a difference in the tissue
preparation and/or staining procedures used, resulting in
staining only of the strongly positive thymocyte minority
in the previous study. This is strongly suggested by
comparison of the staining intensity of thymocytes and T
lymphocytes in our figures 3a and 3b as compared to
tigures 3b and 3¢ in the previous paper [1]. Our figures
illustrate the resuits in BS-fixed tissue, whereas
Yoshino et al used formalin-fixed tissue [1].

In conclusion, OPD4 is an anti-CD45RO reagent
similar to UCHL1. The absence of monocyte and granulocyte
reactivity may be due to differences in carbohydrate
composition and suggests that the two reagents recognize
different epitopes. It may be worthwhile to compare these
antibodies in functional studies involving lymphocytes
and monocytes. Since OPD4 and UCHL1l react with epitopes
of the same antigen on T lymphocytes it dces not appear
useful to apply both reagents in the immunophenotyping of
lymphomas on paraffin tissue sections.
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TABLE 1 RBEACTIVITY WITH LCA TRANSFECTANTS

LCA.1
LCA.250
I.CA.338
LCA.6
LCA.623

pZip

o]
BC
AB
ABC

HLel 2H4 MB1 PD7 MT3 TUCHL1 OoPD4
+ - - - - + +
+ - - + - - -
+ + + + + - -
+ + + + - - -
+ - - + + -
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Fig.1
Immunoblots of peripheral blood lymphocytes stained for
2B11 (CD45) (a), UCHLL1 (b) and OPD4 (o) showing the 4
bands at 220, 205, 190 and 180 as stained by 2B1l, and
identical bands at 180 kd only as stained by UCHL! and
OPD4.
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Fig.2

FACScan analysis of UCHL1 (c,d) and OPD4 (e, f) staining
on peripheral blood lymphocytes (a,c,e) and monocytes
(b,d,f). Controls are shown in a and b. Note the
identical staining patterns for both antibodies on
lymphocytes and the relative absence of monocyte staining
for OPD4 (f) as compared to UCHL1 (4) .
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a. Thymus

b. Lymph Node

Fig.3

Immunoperoxidase staining with antibody OPD4 of thymus
(a) and lymph node (b) demonstrating staining of the
majority of cortical thymocytes and of proportions of
medullary thymocytes in thymus (a) and of approximately
half of the paracortical T lymphocytes in lymph node (b).
Also note the relatively strong staining of germinal
center T cells.
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CHAPTER 6

BIOCHEMICAL ANALYSIS AND TISSUL DISTRIBUTION OF A SIALIC-
ACID DEPENDENT CD45RC EPITOPE IN HUMANS

A version of this chapter has been submitted for
publication.
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Introduction

Leukocyte common antigen (CD45, LCA) represents a
family of cell-surface glycoproteins with a molecular
weight (MW) of around 200 kd expressed on nucleated
hemopoietic cells ([4, 31, 32). The highly conserved
intracytoplasmic domain of LCA is known to have tyrosine
phosphatase activity ([2,32] and is necessary for TCR
signal transduction (8, 37). In contrast, the function of
the extacellular domain that is highly variable in
structure remains largely unclear. The variability is
partly generated by alternate splicing of three variable
exons (commonly labelled A, B, and C), such that LCA
isoforms can express the protein sequences of either
none, one, two or all of the three variable exons [13]
In addition, differential glycosylation is found in the
commor. region of LCA and the variable region A (ie.
CD45RA), B (ie. CD45RB) and the region that can only be
detected when all the variable regions are not expressed
(ie. CD45RO) [10, 23, 24]. These two levels of variation
then create a great diversity of LCA variants being
expressed on different cell types. In the past, due to
the lack of anti-CD45RC reagents in humans, the
expression profile of different LCA variants on
lymphocyte subsets can only be deduced based on their
reactivity with anti-CN45RA, -B and -0 reagents. Although
anti-CD4SRC reagents ‘' r mouse and rats were available
(7], only recently an anti-CD45RC reagent for humans was
reported. Dianzani et al (5] sugg=sted that antibody
MCA.347 is an anti-CD45RC reagent, based on its unique
reactivity and the fact that it is reactive with a 190 kd
species not recognized by anti-CD45RA nor anti-CD45RB
reagent . In this study, we examined this putative anti-
CD45RC reagent in more detail. We first confirmed its
reactivity with the variable region C using LC
transfectants and compared the tissue distribution of
MCA.347 epitope with thos. of CD45RA, CD45RB and CD45RO.

Methods and Materials

1. Cells and LCA trarsfectant Cell Lines

Umbilical cord blood samples were obtained from
informed healthy volunteers immediately after normal
vaginal deliveries at a local hospital. Adult blood
samples were obtained from healthy volunteers.
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Mononuclear cells were isolated from the blood samples
using Ficoll-Paque (Pharmacia, Uppsala, Sweden) . The five
transfectant cell lines and the control murine pre-B
lymphocyti= cell line were provided by Dr. M. Streuli. The
establishment and characteristics of these lines have
been described by Streuli et al [18].

2. Monoclonal Antibodies

Monoclnnal antibody MCA.347 (rat IgGl) was purchased
from Serotec. Anti-CD45RA Mab's MB1 and MT2 (IgGl), and
anti-CD45RB Mab MT3 (IgGl), were previously produced in
our laboratory and reported in detail elsewhere [8,11-
13]. Mab KiB3 (anti-CD45RA's) was kindly provided by Dr.
M. Parwaresch [4]. Anti-CD45RB Mab PD7/26 (IgGl) [24] and
anti-CDASRO Mab UCHL-1 (IgG2a) ([17,19] were kindly
provided by Dr. D. Mason and Dr. P. Beverley, respec-
tively. FITC conjugated avidin, FITC conjugated anti-
CD4SRA, PercP conjugated anti-CcD3, -CD4 and -CD8, as
well as PE conjugated anti-CD20, were ail obtained
commercially from Becton Dickinson. FITC conjugated
rabbit anti-rat IgG, PE conjugated rabbit anti-mouse IgGl
and anti-mouse IgG2a were purchased from Southern Biotec.

3. Immunofluorescence stainings and flow cytometry

Isolated mononuclear cells were subjected to
three-color immunofluorescence stainings and analysed by
the FACScan (Becton Dickinson). After treatment with
antibody MCA.347 for 30 minutes, PE conjugated rabbit
anti-rat IgG antibody was applied for another 30 minutes
at 4 C. Subsequently, cells were treated for 30 minutes
with one of the followings: 1) FITC conjugated anti-
CD45RA, 2) anti-CD45RB MT3, or 3) anti-CD45RO UCHL-1.
FITC conjugated anti-mouse IgGl and anti-mouse IgG2a were
used to detect MT3 and UCHL-1, respectively. Following
incubation with mouse serum to block the remaining anti-
mouse antibodies for 15 minutes, the cells were finally
exposed to one of the followings: PercP conjugated mouse
anti-cD3, -CD4 ,-CD8 or -CD20 for 30 minutes. All steps
were done at 4 C and three washes with phosphate-buffered
saline (pH 7.5) were used between steps. With the
FACScan, cell populations were then selected with gating
based on size and forward scatter, along with positivity
of ¢D3, CD4, CD8 or CD20.
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4. Immunohistology

Lymph nodes, tonsils and spleens submitted for
diagnostic reasons and fragments of normal thymus tissue,
removed for technical reasons during cardiac surgery,
were fresh frozen in OCT. Five micron thick frozen tissue
sections were airdried and fixed 1in acetone for 15
minutes. The slides were incubated with MCA.347 in the
dilution of 1:50 (20 ug/mL) for 30 minutes, followed by
a second step incubation with peroxidase conjugated
rabbit anti-rat Ig antibodies (Jackson ImmunoResearch),
diluted 1:50, for 30 minutes. In between incubations,
sections were washed in phoshate-buffered saline (pH 7.5)
for 5 minutes. Peroxidase activity was visualized with 3-
amino-9-ethylcarbazole (Sigma) and H202 for 15 minutes in
the frozen sections. Nuclear counter-staining was
obtained using Mayer's Hemalum.

5. Electrophoresis and Immunoblotting

Tonsillar mononuclear cells or peripheral
mononuclear cells were lysed with extraction buffer
containing 0.5% NP-40. After centrifugation, the
supernatant was subjected to SDS-PAGE on a 5% gel
according to the condition of Laemmli (7). The
electrophoretic transfer to nitrocellulose was performed
according to the conditions of Towbin [22]). Immuno-
stainings were performed with diluted supernatants as a
first step, biotinylated goat anti-mouse (Dakopatts) or
rabbit anti-rat Ig antibody (Vector) as the second step
and peroxidase conjugated avidin (Dakopatts) as a third
step incubaticn. Peroxidase enzyme st.uining was done with
3-amino-9-ethylcarbazole and H202 for about 10 minutes.
TBS with Tween-20 was used to wash between steps. To test
for sialic acid dependence of the MCA.347 epitope,
immunoblots were incubated with neuraminidase (Sigma) at
a concentration of 10 milliunits per mI. of incubation
buffer, at 37 C for 30 minutes. The subsequent stainings
were carried out as above.

Results

1. Biochemical Analysis of the MCA.347 epitope

We first studied the identity of the MCA.347 epitope
with LCA transfectants. As shown in fig. 1, MCA.347 were
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reactive with the clones D3.1 (ABC), B3.4.1 (BC) but not
the others including the control mouse clone (E3),
consistent with the anti-CD45RC identity. Using
immunoblots prepared from lysates of unfractionated
tonsillar cells, we tested which specific LCA isoforms
could be recognized by MCA.347. Fig. 2 shows that MCA.347
recognized strongly the 220 kd species, and the 205 kd
species with a lower intensity. At least two bands could
be distinguished within the 205 kd range. The high 205 kd
band was also recognized by PD7/26 {anti-CD45RB) and MT2
(anti-CD45RA), whereas the low 205 kd band was recognized
by MT2 alone, suggesting that the high 205 kd band
represents both AB and BC and the 1low 205 kd band
represents AC. Staining with MCA.347 did not have
detectable signal at the 190 kd level with lysates
prepared from tonsillar cells, which were predominantly
B cells. With lysates prepared from peripheral blood
mononuclear cells which were rich in T cells, MCA.347
recognized three bands at 220, 205 and 190 kd. The low
205 kd species (ie. AC) was not detectable. After
treating the immunoblots with neuranminidase for 30
minutes at 37 C, reactivity of MCA.347 was largely
eliminated, indicating that MCA.347 epitope is sialic
acid-dependent (fig.2).

2. Tissue Distribution of MCA.347 epitope

We examined the tissue distribution of the MCA.347
epitope with the routine immunoperoxidase staining
method. As shown in fig. 3a, cortical thymocytes were
largely negative with MCA.347 staining. In contrast,
medullary thymocytes were heterogenously positive. A few
B cell follicles inside the medulla strongly reactive
with MCA.347 were also noted. In reactive lymph nodes /
tonsils (fig.4a), MCA.347 was reactive with the mantle
zones and inter-follicular B cell areas. Germinal center
cells were negative. A significant proportion of T cells
in the interfolliicular areas was also negative. The
positivity within the mantle zones found in both lymph
nodes and tonsils was heterogeneous, with the presence of
MCA.347 -dim and -bright cells (fig. 4b). The lymphoid
follicles in spleens followed the same reactivity
patterns. The marginal zones found uniquely in spleens
were uniformly positive with MCA.347 staining (not
shown) .

In cord peripheral blood, MCA.347 was reactive with
B cells homogenously, shown in fig.5 as a single narrow
peak. In contrast, an additional MCA.347 dim population
was identified in the CD3* population. When we studied
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CD4 and CD8 cells separetely, most of the MCA.347%" cell
population were in the cD8* cell subset. When compared to
the adult peripheral lymphocytes, a few postnatal changes
were observed. First, B cells could be readily divided
into MCA.347 -bright and -dim subsets and the expression
of MCA.347 epitope was directly proportional to CD45SRA
expression (fig. 6a). Second, the expression of MCA.347
epitope was also directly proportional to that of CD45RA
within the CD3* subset, with about 30-40% of peripheral
CD3* T cells being MCA.347 dim or negative (fig.6b). As
expected, UCHL-1 (anti-CD45R0) stained inversely
proportional to MCA.347. Double stainings with MCA.347
and anti-CD45RB revealed three cell groups in both CD4
and CD8 subsets: 1) RB?*MCA.3472%, 2) RB’MCA.347%, and 3)
RB*MCA.347 (fig.7a). Peripheral CD8%" cells were CD45RA’'
and MCA.347% (fig.7).

Discussion

One of the feature of LCA is the great structural
variation in the extracellular domain, generated by
alternate splicing of mRNA and differential
glycosylation. It has been postulated that the
extracellular domain of LCA is responsible for the
distribution of the tyrosine phosphatase activity
embeddied in the constant cytoplamsic domain. Evidence is
accumulating in support of this model. Using
immunofluorescence co-capping technique, Dianzani et al
1992 [3) showed the specific associations between LFA-1
and CD45RA, CD2 and CD45RO, as well as CD4/8 and CD45RC
on peripheral T lymphocytes from human adults. Recently,
it was also shown that the extracellular domain is not
necessary for coupling TCR and transmembraneous signaling
[6,23], and logically it carries some other important
functions such as ligand selection. Therefore, it is
crucial to have a complete profile of LCA isoforms
expressed on cells of different functional or
developmental stages. Previous works have shown that LCA
isoforms with higher MW (ie. 220 and 205 kd) are
expressed on medullary thymocytes, B and virginal T cells
whereas those with lower MW (ie. 190 and 180 kd) are
expressed on cortical thymocytes and memory T cells
[2,20.21]. However, further detail is difficult to obtain
due to the lack of anti-CD45RC reagents. This report on
the anti-CD45RC reagent MCA.347 thus provides a more
comprehensive picture of CD45 isoform expression.
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The reactuivity pattern of »CA.347 with CD45
transfectants is consistent with an anti-LCA antibody, as
it is reactive with all clones carrying the variable
region C but not those without. The MCA.347 epit-e is
largely composed of carbohydrates as shown by its
sensitivity to neuraminidase treatment. Using lysates
prepared from predominantly tonsillar B cells, MCA.347 is
reactive with the 220 kd species (ABC), and more weakly
with the high 205 kd species (AB and BC) and low 205 kd
species (AC). To our knowledge, this is the first report
on the existence of AC. Since this low 205 kd species
(AC) is absent with the 1lysates prepared from
predominantly peripheral T cells, its expression may be
confined to the B cell lineage. Consistent with the
previous data [3], MCA.347 recognizes a 190 kd species
(C) from lysates of peripheral T cells but not B cells.
Since the expression of the MCA.347 is largely confined
to the CD4SRA* T cells, .his LCA isoform (C) is expected
to be found on the same cell population (ie. virginal T
cells).

Generally, the MCA.34/ epitope is expressed almost
directly proportional to that of CD45RA, as examplified
by cortical and medullary thymocytes, peripheral T and B
cells, monocytes, mantle and marginal zone B cells.
Together, these results suggest that the variable exon C
is largely expressed in association with exon A, such as
in the form of ABC and AC. Isoforms AB, BC and C are
therefore not predomirant species being expressed on
these cell types. Howe.er, there are two exceptions to
this general rule: 1) Although the germinal center B
cells express predominantly the 220 kd band (ABC), they
do not express the MCA.347 epitope. The explanation is
most 1likely related to the hyposialylated state of
germinal center cells which is also known to alter the
expression of the LCA common determinant (CD45), CD45RA
and CD45RB [8]. This hyposialylated state may be crucial
since the lack of sialic acid on cell surface facilitates
recognition by phagocytes and hence destruction of
apoptotic cells [16]. 2) Peripheral CD8% cells
(including the natural killer cells, which also express
predominantly the 220 kd isoform (ABC), are cD45®a?* RB*
but only MCA.347%". This again may reflect a selective
hyposialylated state of the variable C, or alternatively,
a2 selective strong expression of a LCA variant which
express A and B without C (ie. AB).

There are significant postnatal changes of CD45RC
expression. One example is that cord blood CD4* cells are
largely MCA347?* cells whereas their adult counterparts
can be distinguished into at least three subpopulations:
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(1) CD45RA?* RB?* RC?** RO, (2) CD45RA" RB’* RC'* RO', (3
CD45RA° RB* RC RO*. The stronger expression of CD45EE
over either CD45RA and CD4S5RC in subset (2) and (3)
suggests tbat it is due to the presence of isoform B (ie.
190 kd) instead of BC. This correlates well with the fact
that CD4* cells are strongly reactive with anti-CD45RB
mab MT3 which largely recognizes the variable region B in
the absence of A or C [12]. Similar postnatal changes of
CD45RC expression in B cell lineage are also evident,
when comparing MCA.347?* cord blood B cells with germinal
center B cells (MCA.347) and a proportion of peripheral
blood B cells which express higher level of CD45RA, RB
and RC. Significant postnatal changes are observed in
other variable regions ot LCA (9), and these
modifications as a whole most likely are results of
antigenic challenge and/or immunologic maturation. Most
of the cord blood as well as adult peripheral blood CD8'
cells (80-90%) are CD45RA?* RB** RC?*, suggesting the LCA
variant ABC as being the most predominant species
expressed without significant postnatal changes in this
cell type.

In conclusion, we confirmed that MCA.347 is a anti-
CD45RC Mab which recognizes a sialic-acid dependent
epitope. Differential glycosylation is found in the
variable region C, confirming that the regulation of the
carbohydrate is the rule rather than exception, and that
it provides an important regulatory mechanism for ligand
selection. The results from the tissue distribution of
MCA.347 epitope allow us to have a better understanding
of the LCA expression. Based on the results and
discussion mentioned, a comprehensive LCA expression
profile on various lymphoid cells is proposed (Table 1).
Since individual LCA isoforms could have different ligand
preference, further studies on LCA should be focused on
specific isoforms instead of variable regions which can
be shared by more than one isoform.
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Table 1. Proposed CD45 EXP

1. Thymocytes
a. Cortical

b. Medullary ABC AB
2. Peripheral T cells

a. virginal T ABC AB

b. memory T - -
3. B cells (%) ABC AB
4. peripheral CcD8"™ (*) ABC AB
Footnotes
1. (*) indicates the downregula

due to hyposialylation in ge
and peripheral CD
5. B*- indicates the presence of R

memory T cells.
3. The bold LCA iso
species.
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FACSCAN analysis of LCA transfectants with MCA.347. The
antibody shows positive staining with tranfectants
expressing ABC and BC, but negative staining with the
control cells and transfectants expressing AB, B and O.
This indicates that MCA.347 is reactive with an epitope
associated with the C exon of LCA.



108

A B C D

o e <=== 220 k4
© e <-== 205 kd
~ &% . T Jo0 kd

Fig.2

Immunoblots of unfractionated tonsillar lymphoid cells.
Lane A shows the staining of MCA.347 is abrogated after
neuramindase pretreatment of the immunoblot. Note the
identical staining pattern of MT2 (anti-CD45RA) (lane B)
and MCA.347 (lane C), with two distinct bands within the
205 kd region. Lane D is the immunoblot stained for 6G3
(anti-CD45RB) which has a strong 190 kd band and only one
205 kd band.
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Fig.3a

Iimmunoperoxidase staining of human thymus with MCA.347.
MCA.347 does not react with cortical thymocytes (left)
but heterogenously reacts with medullary thymocytes
(right), showing dim- and bright- stained cells.
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Fig.3b

Immunoperoxidase staining of human tonsils with MCA.347.
Note negative staining of MCA.347 in germinal centers. A

proportion of the interfollicular T cells are also
negative (left).

Fig.3c
High magnification of the same follicle shown in fig.3b,

showing the negative staining of germinal center cells

(right), and the variable staining with mantle zone cells
with dim and bright subsets.
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CD8+ L£D3+

Fig.4

FACSCAN analysis of cord blood CD8+, CD3+ and CD4+ T
cells, as well as CD20+ B cells with MCA.347. CD20+ B
cells are uniformly positive with MCA.347 (lower left).
In contrast, a small CD3+ T subset reacts with MCA347
only weakly (upper right). This small subset is more
prominent in the CD8+ subset (upper left) than the CD4+
subset (lower right).
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Double stainings of peripheral CD3+ T cells with MB1

(anti~CD45RA) (A)
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MCA.347. The expression level of MCA.347 is directly
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Double stainings of MCA.347 with CD45RB in CD4+ and CD8+
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CHAPTER 7

POSTNATAL CHANGES OF CD45 EXPRESSION IN PERIPHERAL BLOOD
T AND B CELLS

A version of this chapter has been published. Lai, R,
Visser, L, and Poppema, S. British Journal of Hematology
1994;87:251-257.
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Introduction

Leukocyte common antigen (LCA, CD45) is a family of
leukocyte cell surface molecules expressed on all
nucleated hemopoietic cells [4,27]. LCA has a constant
cytoplasmic domain which embodies tyrosine phosphatase
activity [2,6]. The structure of the extracellular domain
is highly variable and the heterogeneity is generated by
alternate splicing of mRNA [10,26] and by differential
glycosylation (7,20]. Expression of different LCA
isoforms has served as a marker for different functional
T cell subpopulations [reviewed in 4]. The best-
documented is the expression of CD45RA* (220/205 kd) on
virginal cD4* T cells and CD45RO (180 kd) on CD4* memory
cells. Some of the evidence supporting this concept
derives from the study of cord blood lymphocytes which
are immunologically naive and are largely CD45RA* and
CD45RO° [3,13]. With a panel of anti~-LCA monoclonal
antibodies (mab's) reacting with carbohydrate- or
protein- specific epitopes, we have previously shown that
differential glycosylation of the three LCA variable
regions (commonly labelled A, B and C) is fine~controlled
and creates extensive additional heterogeneity [7]. These
specific LCA glycosylations may have an important role in
determining the interaction with ligands and thereby
directing the tyrosine phosphatase activity embedded in
the constant domain to the appropriate targets. In this
study, we compare LCA expression on cord blood
lymphocytes and their adult counterparts. The results
indicate several postnatal changes of LCA glycosylation.

Methods and Materials

1. Cells

Umbilical cord blood samples were obtained from
informed healthy volunteers immediately after normal
vaginal deliveries at a 1local hospital. Pediatric
peripheral bloecd samples were collected from afebrile
patients who were admitted in hospital for elective
surgery. They ranged from 9 months to 16 years of age and
all of them had normal complete blood counts and
differentials. Adult peripheral blood samples were
received from healthy volunteers (aged from 22 to 60).
Mononuclear cells were isolated from the blood samples



116

using Ficoll-Paque (Pharmacia, Uppsala, Sweden).

2. Monoclonal Antibodies

Anti-CD45RA Mab's MB1 and MT2 and anti-CD45RB Mab
MT3 were previously produced in our 1laboratory and
reported elsewhere [7,15-17])]. Mab KiB3 (anti-CD45RA's)
(5] was kindly provided by Dr. Parwaresch. Anti-CD45RB
PD7/26 [(7,19,20,24,30] and anti-CD45RO (UCHL-1) [23,25]
were kindly provided by Dr. David Mason and Dr. Peter
Beverly, respectively. FITC conjugated goat anti-mouse
Ig, PercP conjugated anti-CD3, PE conjugated anti-CD5 as
well as PE conjugated anti-CD20 were obtained
commercially from Becton Dickinson.

3. Staining and Flow Cytometry

The cells were analysed by two-color immuno-
fl orescence on a FACScan (Becton Dickinson). After the
treatment with the primary mabs at 4°C for 30 minutes,
FITC conjugated goat anti-mouse Mab was applied for
another 30 minutes at 4°C. Following incubation with
mouse serum to block the remaining goat anti-mouse
antibodies for 15 minutes, the cells were exposed to
anti-cD20 coupled with PE or anti-CD3 coupled with Perc?P.
Three washes with phosphate-buffered saline (pH 7.5) were
performed between steps. For analysis, cell populations
were gated based on size and foward scatter, along with
positivity for CD3 or CD20.

Results

A total of six umbilical cord, four pediatric, and
five adult peipheral blood samples were analysed. Only
representative results were shown. Results from the
analysis of CD45RA expression in CD3* cord blood T cells
are shown in figure 1. Anti-CD45RA reagents MB1 and MT2
were positive with over 90% of the cord blood T
lymphocytes, with stronger MT2 than MB1 staining (fig.
la,b). In contrast, less than 5% of cord blood T cells
were stained weakly with anti-CD45RO UCHL-1. Double
staining with UCHL-1 and MB1l confirmed the existence of
a single MB1*/UCHL-1 T cell population (fig. 2a).
Staining with anti-CD45RA reagent KiB3 was largely
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negative (fig. 1c). As expected, MB1 and MT2 were
strongly reactive with a variable proportion of adult T
cells deperding on the age of the individual, for
instance around 80% in a 3 year old and 60% in a 27 year
old individual. In addition to the CD4SRA™" and the
CD45RA° T cell subsets, there was a CD4SRA™ T cell
population recognized by both MB1 and MT2 (fig. 1d,e).
Double staining with UCHL-1 and MB1 showed that this
CD45RA%" T subset was also UCHL-1%" (fig. 2b).

There were two other significant differences in
CD45RA expression between the cord blood and adult T
cells. The first difference is that adult CD45RA®®" T
cells were characterized by higher MB1l and lower MT2
expression than their cord blood counterparts. The
highest anti-CD45RA staining intensity with cord blood
lymphocytes (ie. MT2) was largely similar to that with
adult blood lymphocytes (ie. MB1l), reflecting that LCA
isoforms containing the variable region A such as ABC
(220 kd) and AB (205 kd) remained largely constant. This
difference in CDASRA expression diminished in the early
postnatal life (3 year). In fact, the expression level of
MT2 was virtually equal to that of MB1l in late adolescent
years (ie. 16 year). Therefore, the transition from MT2
high to MB1 high is a gradual process. The second
difference is that, in contrast to cord blood T cells,
15-20% of the T cells in adults were reactive with KiB3
cells and the staining intensity of this KiB3* population
was quite heterogeneous (fig. 1f). This KiB3* T cell
subset was not prominent in the pedriatric group (results
not shown).

With the same gating protocol for CD3* cells,
analysis of the CD4SRB expression was carried out with
MT3 and PD7/26. All cord blood T cells were homogeneously
reactive with these two anti-CD45RB reagents, as shown by
the narrow peaks (fig. 3a,b). The staining intensity and
pattern of PD7/26 was largely similar in adult, pediatric
and cord blood T cells (fig. 3 c,e). In contrast, only
the adult T cells showed two distinct subsets with MT3
staining, namely MT3%" and MT3®" (fig 3d). The cord and
pediatric blood T cells had a MT3 staining intensity
equivalent to that of MT3%" adult T subset. Staining with
PD7/26 did not result in a clear distinction of CD4SRB"*"
and CD4SRBY™ in adults.

We next studied the LCA expression on the CD20* B
lymphocytes. All three anti-CD45RA reagents, MB1, MT2 and
KiB3 were uniformly reactive with B cells in cord blood,
although the level of KiB3 was lower than those of the
other reagents (figure 4 a,b,c). In general, the CD45RA
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expression on adult B cells was slightly higher than on
their cord blood counterparts (fig. 4 d,e,f). Two
prominent postnatal changes are noted: (1) the KiB3
epitope was more strongly expressed (figure 3 f); (2) MB1
was differentially expressed on adult B cells, as shown
by the presence of two distinct B subsets: MB1%" and
MB1"™&", The adult MB1™ was equivalent to the cord blood
B cells in staining intensity. These two subsets of B
cells can only be distinguished in late adolescent years
(ie. 16 year) but not early postnatal life (ie. 3 year).

The CD45RB reagent PD7/26 was positive with all B
cells in cord, pediatric and adult blood B cells with
approximately the same high staining intensity, with no
distinction of CD45RB"" or CD45RBY™ subsets (fig. 5). In
contrast to PD7/26, adult B cells could be readily
divided into MT2%" and MT3"®" subsets. The cord blood B
cells had a staining intensity similar to the MT3%" adult
B cells. This distinction can be seen in early postnatal
life (ie. 9 month) and the MT3'"" cell increased in
percentage with age, such as 10% in a 9 month old and 25%
in a 16 year old. We also studied how MT3"# and MT3%"
adult B cell subsets relate to the CD5* B cell subset in
adults. Figure 6 shows that the CD5' adult B cells were
largely confined to the MT3%" B subset, whereas virtually
all ccrd blood B cells are CD5* and MT3%".

Discussion

Diversity of LCA expression 1is generated by
differential glycosylation, in addition to the variation
due to differential splicing in the protein backbone.
Therefore, different anti-~CD45RA Mabs have different
reactivity patterns. The same principle also applies to
anti-CD45RB Mab's MT3 and PD7/26 ([7].

In this study we analyzed the LCA expression on
lymphocytes from cord blood with the same panel of
anti-CD45R mabs, and compared the results with those in
pediatric and adult peripheral blood cells. It has
previously been shown that cord blood T cells have I1nv
expression of CD45RO, LFA-1 and CD29 (integrin B1l) wh.ch
are considered markers for memory T cells [12,22].
Functionally, cord blood T cells (mostly CD45RA+) alsc
respond different from adult CD45RA* T cells: the CD45RA*
T cells from cord blood are predominantly suppressive for
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Ig production (3] and show impaired responsiveness to
stimulation with anti-CD2 and anti-CD3 [14].

As cord blood lymphocytes are immunolog. :ally naive
and immature, a comparison with the peripheral blood
cells in postnatal life can provide information on the
maturation of lymphocytes. One of the established
postnatal changes of LCA expression is the expansion of
CD45RO* memory T cells and the decline of CD45RA*
virginal T cells [13]. Furthermore, the CD45RA%™/CD4 5RO
T cells (labelled transitional T cells) which reflect
recently stimulated T cells in vivo exist only
postnatally.

With the unique specificities of the anti-ILCA Mab's
employed in this study, we demonstrated additional
modifications of LCA expression generated by differential
glycosylation during the postnatal perieod. Variable
regions A and B remain largely constant quantitatively,
and the patterns of these modifications is too complex to
be explained by LCA mRNA alternate splicing. One example
is that CD4S5RAY™&"™ adult T cells appear to have a higher
MB1 but lower MT2 expression than CD45RA"™" cord blood T
cells. Results from the pediatric group show that this
change of CD45RA expression is a gradual process. As the
MT2 epitope is sialic-acid dependent and partial
deglycosylation of LCA can uncover the protein epitopes
as recognized by MB1l and KiB3 [7], this finding suggests
that the LCA isoforms found on adult blood T cells are
less heavily sialylated on the CD45RA variable region and
hence less negatively charged. In contrast to the adult
peripheral blood T cells, there is a subset of medullary
thymic T cells in adults which have a higher expression
of MT2 than MBl1 [7]. Together, such variations in
glycosylation are selectively controlled and may
influence the nature of ligand interactions.

Similar principles apply to the CD45RB variable
region recognized by MT3 and PD7/26, both of which
recognize sialic acid-dependent epitopes [16,20]. Since
MT3 expression changes postnatally in B and T cells
whereas PD7/26 expression is constant, it is possible
that the MT3 epitope plays a role in determining specific
LCA-ligand :“iteractions. This is supported by a study
showing that MT3 mab has the ability to inhibit mixed
leukocyte reactions [8].

Several lymphocyte subsets appear to develop only
postnatally: KiB3* T cells are present only in adult
life. It is possible that the KiB3 epitope is only
accessible on T cells which are antigen-experienced.
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Since some CD45RA T cells retain CD45RA upon stimulation
in vitro {21], and since there are transitional T cells
which coexpress CD45RA and CD45RO in vivo [18,31), KiB3*
T cells may represent a subpopulation of memory CD4SRA*
T cells and/or transitional T cells. In fact, the
proportion of the KiB3* T cells increases with age,
suggesting loss of sialic acid-dependent components
(results not shown). An alternative possibility is that
KiB3* 2 cells represent a distinct lineage unrelated to
the switch from CD45RA*CD4S5RO° to CD45RACD45RO* after
activation. The fact that KiB3'T cells is not evident
until in adulthood favor the latter possibility.

CD45RB"8" T cells as shown with MT3 staining also
develop in adult 1life. The existence of this
subpopulation has been reported in mouse [1,9], rats and
humans [11], but the function of CD45RB™&" and CD45RB'™ T
subsets has not been settled. In humans, it was
postulated that CD45RB"®" T cells represent TH1 cells
whereas the CD45RBY™ T cells comprise TH2 cells [11]. In
consistent with this, T cells collected from synovium
affected by Rheumatoid Arthrits are enriched in CD45RB%"
CD45RO* cells which have potent B-helper activity ([28].
Future studies on the cytokine production from cord blood
T cells will provide more insight in this regard.
Nevertheless, CD45RB™" T cells represent an additional
immune component which may help constitute the more
balanced and better-equipped immune system in adult than
the neonates.

The expression of LCA on B cells has not been
studied as extensively as that on T cells. In addition to
MB1, staining with MT3 but not PD7/26 shows the
distinction of two B subsets. MT3"®™ B cells may
represent antigen-experienced memory B cells or a
distinct functional B subset. Different from the MB1™#M
cells, MT3"&" B subset is present in early postnatal life
suggests that these cells carry crucial function in a
relative immature immune system. In accordance with this,
splenic marginal zone cells that are the major population
of MT3"®" B cells in lymphoid tissues appears at around
the age of two [29]. The MT3"" B cells are
characteristically CD5. CD5* B cells in adults are
included in the MT3%™ B subset, similar to the majority
of cord blood B cells.

In conclusion, LCA isoforms show significant
differences in glycosylation between pre- and post-natal
life. Several lymphocyte subpopulations with unique LCA
glycosylations, are found only postnatally and may be the
products of antigenic encounters. An alternate
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possibility is that they represent distinct 1lines of
differentiation which expand postnatally. In either case,
these results provide evidence that the glycosylation of
cD45 is finely controlled and crucial to the maturation
of the immune system.
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Fig.1

FACScan analysis of cord blood CD3* T cells (upper row)
and peripheral blood CD3* T cells {lower row) with CD45RA
reagents (left: MB1l; middle: MT2; right: KiB3). The vast
majority cord blood T cells are MB1*, and are strongly
MT2*, whereas they are KiB3. The peripheral blocod T
cells show MB1, MB1%™ and MB1"™@" T cells. MT2 shows
similar, but overall weaker staining than MB1l. MT2 is
much weaker, whereas KiB3 is stronger than in the cord
blood cells.
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Fig.2

FACScan analysis of cord blood CD3* T cells (left) and
adult peripheral blood CD3* T cells (right) with double
stainings of UCHL-1 (CD45RO) and MB1 (CD45RA). The cord
blood cells are largely CD45RO and CD45RA*. In contrast,
adult blood cells can be divided into (1)CD45RA*™®
CD45RO™8M,  (2) CD45RA®™ CD45RO'™, and (3) CD45RA™E
CD4 S5RO™&™,



128

CORD BLOOD CD3° T CELLS CORD BLOOD CD3' T CELLS
CDA45RB (PD7) CD4ASRS (MT3)

ADULT BLOUD CD3° T CELLS ADULT BLOOD CD3° T CELLS
CD45RB (PD7) CD4GRB (MT3)

Fig.3

FACScan analysis of cord blood CD3* T cells (upper row)
and peripheral blood CD3* T cells (lower row) with CD45SRB
reagents (left: PD7; right MT3). The cord blood cells
show uniform strong staining for PD7 and MT3. The
peripheral blood cells show a relatively small PD7/26%m
population, but the majority of the cells stains
identical to the cord blood cells. However, with MT3
there is an additional MT3"" population that stains
stronger than the MT3%" population that has a staining
intensity that is similar to the cord blood cells.
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FACScan analysis of cord blood CD20*
and peripheral blood CD20* B cells (lower row)
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B cells (upper row)
with

CD45RA reagents (left: MB1l; middle: MT2; right: KiB3).
Cord blood B cells show uniform positive staining for MB1

and MT2, whereas they show weaker staining for KiB3.

Staining for MB1l is differential on adult blood B cells

with an indication of two subsets.

MT2 staining is

uniformly and similar between adult and cord blood cells.
on the other hand, KiB3 staining is stronger in the
peripheral blood cells.
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FACScan analysis of cord blood CD20* B cells (upper row)
and peripheral blood CD20* B cells (lower row) with
CD45RB reagents (left: PD7; right: MT3). Cord blood B
cells show strong uniform staining for PD7 and weaker
staining for MT3. Adult blood B cells have slightly
stronger PD7 staining and show a bimecdal staining pattern
in which both the MT3%" and MT3"®" populations stain
stronger than the cord blood B cells.
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Fig.6

FACScan analysis of cord blood CD20* B cells (upper row)
and peripheral blood CD20* B cells (lower row) for CD5
(left) and for CDS5 (FL2 channel) versus MT3 (FL1 channel)
(right). Virtually all CD20* cord blood B cz2lls express
CDS and are MT3%", cD5*. The peripheral blood CD20* cells
show a subpopulation of CD5* cells that are MT3%",
although they stain somewhat brighter than cord blood
CD5* cells.
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CHAPTER 8

CHARACTERIZATION OF A DISTINCT HUMAN B CELL SUBSET
EXPRESSING HIGH LEVEL OF CD45RB CARBOHYDRATE EPITCPES

A version of this chapter is in preparation for
publication.
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Introduction

Leukocyte common antigen (CD45/LCA/T200) is a family
of cell surface glycoproteins expressed on nucleated
hemopoietic cells (Thomas 1989). Its constant cytoplasmic
portion possesses tyrosine phosphatase activity which has
been shown to play important roles in 1lymphocyte
activation (Mustelin 1989, Shiroo 1922, Sieh 1993,
Volerevic 1992). Heterogeneity of the LCA extracellular
domain is generated by both differential glycosylation
and alternate splicing of mRNA (Thomas 1988, Lefrancois
1986) . Various LCA isoforms are expressed on lymphocytes
in a finely-controlled manner closely linked to differen-
tiation. One example is the expression of CD45RO (190 kd)
on memory T cells and CD45RA (220 and 205 kd) on virginal
T cells (Serra, Akbar). LCA expression on B cells is much
less studied than T cells, although it is known that they
express predominantly the two LCA species of higher
molecular weight at 220 and 205 kd (Coffmann). We
previously studied the LCA expression on human B cells
with a panel of anti-LCA monoclonal antibodies which
reacted with either carbohydrate- or protein- associated
epitopes (Lai). Our results show that differential
glycosylation of LCA creates great diversity of LCA
expression on B cells, such that B cells from dififerent
lymphoid compartments have unigue carbohydrate
composition on the LCA variable regions. One example is
that the high expression of the CD45RB carbohydrate
epitope recognized by antibody MT3 is restricted to B
cells such as those in the splenic marginal zone. Another
mab 6G3 also recognizes a CD45RB carbohydrate epitope
which largely follows the reactivity pattern as MT3.
Interestingly, an anti-CD45RA antibody KiB3 has a largely
reciprocal reactivity pattern with MT3 such that it
reacts with most B cells except for marginal zone B
cells. Besides the marginal zone B —~ells from the spleen,
a small proportion of B cells found in peripheral blood
are also MT3/6G3 high and KiB3 low. Since marginal 2zone
B cells have the immunophenotype of memory B cells [15],
it is possible that the MT3/6G3 high B cells found
outside the splenic marginal zone nay represent
circulating memory B cells. We hypothesized that high
expression level of MT3/6G3 is a marker of memory B
cells, similar to CD45RO being the marker of memory T
cells. In this study we tested this hypothesis.
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Methods and Materials

1. Peripheral Blood Mononuclear Cells

Umbilical cord blood samples were obtained from
informed healthy volunteers immediately after normal
vaginal deliveries at a 1local hospital. Pediatric
peripheral venous blood samples were collected from
afebrile patients who were admitted to the hospital for
elective surgery; all of them had normal complete blood
counts and differentials. Adult peripheral venous blood
samples were received from healthy volunteers. Mono-
nuclear cells were izolated from the blood samples using
Ficoll-Paque (Pharmacia, Uppsala, Sweden).

2. Isolation of Tonsillar B Cell Subpopulations

Tonsils were obtained from routine tonsillectomy at
a local hospital. Tonsillar lymphoid cells in suspension
were first prepared by mincing the tonsil specimens in
HBSS solution. Lymphoid cells from either tonsils or
peripheral blood were then isolated with Ficoll-Paque
(Pharmacia, Uppsala, Sweden) following manufacturer's
protocol. For tonsillar cells, different 1lymphoic
subpopulations were further separated with Percoll
(Sigma) . Cells harvested between Percoll gradient 60 and
80% were dense lymphocytes, highly depleted of ¢erminal
center B cell=~. Those harvested between 60 to 70% were
enriched for MT3/6G3 high B cells, and those harvested
between 70 to 80 % were enriched for MT3/6G3 low B cells.
Both cell subpopulations were then purified by depleting
T cells as follows: cells were first incubated with
anti-cD2 and anti-CD3. After three washings with PBS (pH
7.5), Dyanbeads M-450 coated with sheep anti-mouse IgG
(Dynal, Norway) were added to the call suspension. After
removing cells bound by magnetic beads, both cell
subpopulations were >98% B cells. The resulting B cell
subpopulations were between 80-90% enriched for MT3/6G3
high (percoll 60-70%) and 75 to 85% enriched for MT3/6G3
low B cells (percoll 70-80%).

3. Monoclonal Antibodies

Anti-CD45RA Mab's MB1 and MT2, anti-CD45RB Mab MT3
and 5G3 were produced in our laboratory. The anti-CD45RB
idertity of bcth Mab's were previously established by
usiag I.CA transfectants. Both Mab's MT3 and 6G3 recognize
carbohydrate epitopes on CD45RB and they are largely
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coexpressed on the same cell populations. As 6G3 but not
MT3 could be readily biotinylated, we employed 6G3
instead of MT3 for immunofluorescence stainings (see
below) . KiB3 (anti-CD45RA) and PD7/26 (anti-CD45RB) were
kindly provided by Dr. Parwaresch (Germany) and Dr. Mason
(UK) respectively. Supernatants of anti-CD21 (Bly-4) were
produced in our laboratory. Mouse anti-hunan IgD, IgG,
IgM, IgE, IgA, CD23 and Leu8 Mab's were obtained from
Becton Dickinson. Mouse anti-human Mab Kié7, a
proliferating cell marker, was purchased from Dakopatts,
Denmark. Anti-CcDlla Mab was obtained from AMAC, Inc.
Westbrook, ME. Supernatants of anti-CD3 and CD2 were
produced in our laboratory and the cell 1lines were
obtained from the American Type Culture Collection,
Rockville, Maryland.

4. Immunofluorescence stainings and flow cytometry

Isolated mononuclear cells were stained with
three-color immunofluorescence technique and analysed
with FACScan (Becton Dickinson). After the treatment of
primary mabs at 4 C for 30 minutes, goat anti-mouse Mab,
coupled with PE (Becton Dickinson), was applied for
another 30 minutes at 4 C. After incubating with mouse
serum for 15 minutes, the cells were exposed to

biotiny’ 4 6G3 followed by avidin-FITC (Becton
Dickin 5n). Cells were finally stained with anti-CD20
conjug =d with PercP. Three washings with

phospha. o.uffered saline (pH 7.5) were used between
steps.

5. Cell culture Condition

The MT3/6G3 high and low B cell subsets obtained
above were separately placed at a final concentration of
approximately 1 million cells/mL in media consisting of
RPMI 1640 supplemented with 20% FCS, L-glutamine (2 mM),
penicillin (50 units/mL) and streptoaycin (50 ug/mL)
(Gibco, Grand 1Island, NY) in 50 mL culture flasks
(Costar, Carnbridge). To each culture, phorbol
12-myristate 13 acetate (PMA) (Sigma chemical, St.Louis,
MO) at a final concentration of 10 ng/mL, was added.
cytospins were prepared from the cells after culturing
between 18 hours to two days.

6. Immunoperoxidase stainings

Three-micron thick B5-fixed paraffin-embedded tissue
sections were deparaffinized through xylene and graded
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alcohols. The slides were incubated with 1:10 diluted
supernatants for 30 minutes, followed by a second step
incubation with peroxidase-conjugated rabbit anti-mouse
Ig antibodies (Jackson Laboratory), diluted 1:50, for 30
minutes. Peroxidase activity was visualized with
3-amino-9-ethylcarbazole and H202 for 10 minutes.

Results

1. Tissue Distribution of MT3/6G3 high B cells

In addition to the splenic B cells, MT3"" B cells
could also be found in the other 1xmphoid organs. In
tonsils, there were clusters cf MT3"" B cells localized
in the subepithelial layer. The germinal center,
interfollicular and mantle zone B cells were largely
negative with MT3 staining. However, a proportion of the
mantle zone B cells (roughly 30%) were positive with MT3.
Mab 6G3 followed a similar reactivity pattern as MT3.

In peripheral blood, the expression of MT3 was also
parallel to that of 6G3 (Fi%. 1) . Around 25% of
peripheral B cells were MT3/6G3"" in adults (Fig. 2). In
contrast, B cells in cord blood showed only a single
population and wuniformly MT3/6G3"™ (fig. 2). The
distinction of MT3/6G3%" and MT3/6G3"" B subsets was
first detected at around 9 months of age. The percentage
of MT3/6G3"" cells also increased with age, with 10% at
the age of 9 months, to 15% at 2 years and 25% at 27
years (not shown).

2. Characterization of MT3/6G3 high cells

Histologically, MT3/6Gs bhigh 2 cells found in
tonsils were similar to those in m2c3insl zone of spleen,
with bigger cell size and more cytsplasm than those in
mantle zone. When tonsillar B celis sfparated based on
the cell density using percoll centrifuwgation, cells
harvested between 60 and 70% were enricned for MT3/eq3hh
(80-90% enriched) whereas cells harvested between 70 and
80% were enriched for MT3/6G3%" (75-85% enriched)
(fig.3).

We then analyzed the immunophenotype of the these
two B subsets using flow cytometric technique, and ‘he
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results were summarized in Table 1. Fig.4 showed that a
significant proportion of MT3/6G3"" B cells did not
express surface IgD or IgM, suggesting that these cells
have encountered antigens and undergone immunoglobulin
switching. In contrast, MT3/6G3* B cells largely
coexpressed surface IgM and IgD, reflecting their
antigenic-inexperienced status. Furthermore, MT3/6G3" B
cells but not MT3/6G3"*" B cells expressed CD23, a marker
for virginal B cells. Leu-8, the human homologue of Mel-
14 which is a homing receptor to the peripheral lyrphoid
organs in the murine system, was homogenously expressed
on MT3/6G3“* B cells but only a subset of MT3/6G3%" B
cells. This finding implies that MT3/6G3"$" B cells have
more diversified functions and are required to circulate
to different anatomic sites. Peripheral blood MT3/6G3%"
B cells, as well as splenic marginal zone B cells, had
similar immunophenotype as tonsillar MT3/6G3"" B cells.

3. Responsiveness to stimuation in vitro

Upon stimulation by TPA, MT3/6G3"" B cells had an
early response, as detected by Ki-67 positivity 2 days
post-stimulation (up to 40%). Furthermore, MT3/6G3"" B
cells also demonstrated strong aggregation and clumping
detected as early as 18 hours post-stimulation. In
contrast, Ki67 expression was found only in a low
proportion of MT3/6G3" B cells (10%) at two days. In
addition, cell aggregation at 18 hours after being
stimulated by PMA was much weaker than that of MT3/6G3'™
cells (Fig. 5).

Discussion

These results showed that the expression level of
two CD45RB cpitopes detected by MT3 and 6G3 allows the
distinction of two functional B subsets. In addition to
the splenic marginal zone, the MT3/6G3"" B cells can be
found in peripheral blood and the subepithelial layer of
tonsils. On the basis of the immunophenotype, they likely
belong to the same cell type and represent the
counterparts of the splenic marginal zone B cells.
MT3/6G3%" B cells as a group are antigen experienced (ie.
memory B cells), as shown by their gradual increase in
proportion in postnatal life, immunophenotype and early
responsiveness to mitogen in vitro.
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The absence of MT3/6G3"™" B cells in the cord blood
suggests that this B subset is 1likely the product of
antigenic challenge and is developed only postnatally. In
fact, it is known that splenic marginal zone cells
respond rapidly to certain antigens (polysaccharides),
and it has been suggested that the lack of the splenic
marginal zone contributes to the hypo-responsiveness to
these antigens in children under the age of two. This
phenomenon supports the notion that MT3/6G3"™" B cells
play a crucial role in the immune system. Interestingly,
our results showed that the age at which MT3/6G3"" B
cells can be first detected is around 9 months, preceding
the development of splenic marginal zone at two years of
age [16]). It is tempting to speculate that some of the
MT3/6G3"" B cells generated by antigenic challenge will
circulate to the spleen and colonize around the mantle
zona, thereby creating the marginal zone.

MT3/6G3"" B cells found in the subepithelial layer
of tonsils may also be derived in the same way as the
splenic marginal zone. The localization of these memory
B cells in the subepithelial layer, a site which is in
close proximity to the external environment, can promote
mounting a rapid and efficent immune response. Consistent
with this concept, a significant proportion of MT3/6G3hsh
B cells do not express Leu8 antigen, and therefore these
cells are able to circulate different anatomic sites
other than peripheral lymph nodes.

In summary, we used the expression level of CD45RB
detected by mab's MT3 and 6G3 to define two distinct B
subsets. Although MT3/6G3"™" B cells can be found in
different anatomic sites, they are related to each other
by a relatively uniform imunophenotype. As a group, they
represent memory B cells which can be disseminated to
specialized regiors such as the marginal zone of spleens
and subepithelial layer of tonsils. In contrast,
MT3/6G3" B cells represent virginal B cells constantly
replenished by the bone marrow. Based on these results,
a model of B cell differentiation is illustrated in
figure 6.
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Table 1. Immunophenotypes of MT3 high vs MT3 low B cells

1.
2.
3.
4.

sIgM
sIgbh
sIgA/E/G
CD23
Leus8

MT3 high

+

+/-

+

low
high/low

MT3 low

+
+

high
high
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Fig.2

FACScan analysis of cord blood CD20* B cells (upper row)
and peripheral blood CD20* B cells (lower row) with
CD45RB reagents (left: PD7/26; right: MT3). Cord blood B
cells show strong uniform staining for PD7/26 and weaker
staining for MT3. Adult blood B cells have slightly
stronger PD7/26 staining and show a bimodal staining
pattern in which both the MT3*® and MT3Y&" populations
stain stronger than the cord blood B cells.
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MT3 Staining

Fig.3

Separation ¢f *onsillar B cells into two subpopulations
using percsli ¢r-adient. Cells harvested between the 60
and 70% (lsbalas 70%) are uniformly MT3"#, whereas only
a small prouar¥ ion (about 20%) of those cell harvested
between the 70 and 80% (labelled 80%) are MT3".
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Fig.4
Phenotypic analysis of MT3/6G3 low (left column) and low
(right column) B cells. Note that MT3" B cells are
largely CD23, IgD and IgM positive. In contrast, MT3"" B
cells do not express CD23 and only about 50% of them
express IgD or IgM.
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b. MT3"" B cells

Fig.5 ‘
After incubating with phorbol ester for 24 hours, MT3"
B cells (a) showed much more aggregation than MT3"™ B
cells (b).
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HAPTER 9
GENERAL DISCUSSION AND CONCLUSIONS

1. Diversity of LCA Expression

Using a panel of monoclonal antibodies (mab's)
reactive with either protein- or carbohydrate-associated
epitopes present on the LCA extracellular domain, we were
able to demonst -ate LCA structural variations which are
far more extensive than previously known.

1a) Heterogeneity of LCA Extracellular Domain

Tt is clear that differential splicing of mRNA
generates heterogeneity, but only to a maximum of eight
possible isoforms. Until recently, only five LCA isoforms
were actually known to exist, including ABC (220 kd), AB
and BC (205 kd), B (190 kd), and O (180 kd). Dianzani et
al [1] provided the first evidence for the existence of
one additional LCA isoform, C (190 kd) which is expressed
on peripheral T cells. During our study of CD45RC
(chapter 6), we obtained results which supported the
existence of LCA isoform C and also showed another
additional LCA isoform, namely AC (205 kd) which appears
to be confined to the B-cell lineage. Therefore, a total
of seven human LCA isoforms are known to date.

The LCA extracellular domain, in particular the
variable region, is heavily glycosylated [2]. Our study
showed that these carbohydrates are differentially
expressed in a cell type-specific manner. The most
illustrative example is from examining the tissue
distribution of CD45RA epitcpes in various B-cell
anatomical compartments, incliidiry the mantle =zones,
marginal zones and germinal centzrs (Chapter 1, Table 3).
Since virtually all B cells express the variable region
A predcominantly in the form of the ABL isoform (220 kd),
heterogeneous CD45RA expression can be attributed to
differential glycosylation. With the same approach, we
demonstrated differential glycosylation in the variable
regions B, C as well as the commor region (CD45) in the
B-cell lineages.

compared to B cells, T cells utilize alternate
splicing of mRNA to generate LCA variation to a greater
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extent. During T cell differentiation, there is a cyclic
change of LCA expression between those of higher MW (220
and 205 kd) and those of lower MW (190 and 180 Kkd).
Within the thvmus, LCA expression starts with high MW
isoforms on thymic progenitors, switching to those of low
MW on immature thymocytes, and again changing to those of
higher MW on mature thymocytes ([3]. In the periphery,
virginal T cells deriving from the mature thymocytes
(with high MW LCA species) re-express LCA isoforms of
lower MW upon antiaenic stimulation [4,5].

I addition, differential glycosylation can be
clearly demonstrated in T cells. One example is from the
observation that the KiB3 epitope (CD45RA) is expressed
in a proportion of CD45RA* T cells in postnatal but not
neonatal blood samples (chapter 7). To explain this
change in the variable region A, we first formulated the
topographic relationships among the three CD45RA epitopes
studied: namely MB1, MT2 and KiB3 (fig. 1la,b,c), on the
basis of the results obtained in chapter 2. As the KiB3
epitope is usually covered by O-linked sugars on the
variable region A, this suggests that modification of the
carbohydrates in the variable region A must occur before
the KiB3 epitope can be exposed.

Examination of LCA expression in ©peripheral
monocytes also revealed differential glycosylation of the
variable region 0, as shown in the comparative study of
two anti-CD45RO Mab's UCHL-1 and OPD4 (chapter 5).
Therefore, differential glycosylation is universally
found in all cell types examined in this study. Moreover,
this phenomenon involves all the variable regions, as
well as the common region (chapter 2).

ib. Differential Glycosylation of LCA - not a random
process

In addition to the cell-type specificity, there is
other evidence suggesting that differential glycosylation
of LCA is not a random process.

First, there are certain associations between
individual LCA isoforms and the expression of specific
glycosylations. For instance, although both the MT2 and
MB1 epitopes can be expressed by the isoform ABC (220
kd), only the MT2 but not the MBl epitope is found on the
AB isoform (205 kd). As the MT2 epitope can block the MB1
epitope (fig. 1), it is possible that the AB isoform is
associated with a higher sialylation state on the
variable regicn A, leading to the expression of MT2 but
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not that of MB1. In fact, MB1l became reactive with the
205 kd (AB) isoform after neuraminidase treatment causing
desialylation (chapter 2). Another example 1is the
expression of the sialic acid-dependent CD45RB epitope
MT3 on T cells. Unlike the other anti-CD45RB mab's, MT3
recognizes predominantly the isoform B (190 kd). This
suggests that the expression of the MT3 epitope is
largely inhibited by the presence of the variable regions

A and C.

The second line of evidence comes from studying the
tissue distribution of the MT3 epitope which is largely
reciprocal to the KiB3 epitope (CD45RA) within the B-cell
lineage. The MT3*'KiB3~ phenotype can be seen in the
marginal zone of spleen. Within this B-cell subset, it is
perceivable that, in all LCA isoforms carrying both
variable region A and B (ie. ABC and AB), the expression
of the MT3 epitope is associated with a glycosylated
state in the variable region A, leading to a cover up of
the KiB3 epitope (Fig. 2a). On the contrary, the MT3°
KiB3* phenotype which can be seen in the mantle zone of
lymphoid follicles, requires exposure of the KiB3 epitope
as well as hypo-sialylation (at least focally) of the
variable region B, leading to loss of expression of the
MT3 epitope (Fig. 2b). Therefore, there is a tight
coordination between the glycosylation process of
variable regions A and B.

The third line of evidence is that many of these
specific glycosylations do not exist in cord blood
lymphocytes and thus may represent products of antigenic
challenge. The emergence of these glycosylations at
different ages also points to a regulated instead of a
random process (chapter 7).

1c. Variants of LCA Isoforms

Differential glycosylation generates structural
variants of LCA isoforms. For instance, CD45RA* T cells
can be divided into KiB3* and KiB3" subsets, 2nd both
subsets are MT2*. Knowing that the expression ot the MT2
epitope is associated with the blockage of the KiB3
epitope (fig. 1), this implies that, within the KiB3* T-
cell subset, there are at least two variants of the
isoform ABC: one that have lost the MT2 epitope such that
the KiB3 epitope can be exposed and one in which the ABC
isoform retains the MT2 epitope and does not express the
KiB3 epitope. The co-expression of these two variants of
the isoform ABC permits the MT2*KiB3* phenotype.
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Studying the expression of the variable region B
also reveals variants of the isoform B (190 kd). Within
the CD45RO* T cells, mab's such as MT3 and €G3 can
distinguish two subpopulations which are CD45RB"™" and
CD45RB®¥. As the isoform B is the predominant LCA species
carrying the variable region B in CD45RO* T cells, and
since the 1level of CD45RB expression remains fairly
constant, the difference in CD45RB expression suggests
the existence of at least two variants of the isoform B:
one with MT3/6G3 epitope and the cther one without. The
relative abundance of these two variants expressed by a
cell then determines the level of MT3/6G3 expression.
Importantly, as shown on the flow cytometer (chapter 4),
these two subsets are very distinct, implying that the
relative proportion of this two variants is not in a
continuum.

Whilz the above two example: focus on individual
variable regions for simplicity, it can be imagined that
combinations of variations in different LCA domains may
exist, providing great diversity of LCA expression. Each
of these LCA variants may have different functional roles
(ie. different 1ligands) and a wide range of LCA
expression profiles can thus be created.

1d. The Biological Significance of the Diversity of LCA
Expression

Many of the variations we have demonstrated are
associated with sialic acid, which is commonly found as
the terminal sugar residue on the carbohydrates of
glycoproteins. As sialic acids are negatively charged,
their existence on lymphocyte cell surface may be to
prevent nonspecific adhesion such that cells can remain
in the circulatory state, maximizing the chance of
meeting the appropriate antigens. As LCA contributes to
a high proportion of the cell-surface carbohydrates on
lymphoid cells, hypo-sialylation of LCA will lead to a
significant decrease in negative charge and therefore
allow cell-cell interaction. In the case of germinal
centers where cell-cell interactions of B cells with
dendritic reticulum cells and with macrophages are
commonplace, there is in fact ‘global' hypo~sialylation
of LCA involving all three variable regions and also the
common region. Further, hyposialylation of LCA on
germinal center B cells exposes peanut lectin receptors
(chapter 2) which allow protein-carbnhydrate
interactions.
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Theref e, one aspect of the biological significance
of the abunuance of carbohydrates on LCA is to provide a
framework on which the cell-surface electrical charge can
be regulated. This will have significant impact to inter-
cellular interactions if the modifications involve a
large proportion of the surface sialic acid expressed on
the cel!l surface such as germinal center B cells.
Howvever, most of the glycosylation modifications we
cbuerved involve only a small proportion of sialic acid
such that only one or two sialic acid-dependent epitopes
are lost. These changes may be sufficient to modify
ligand-receptor interactions of a few LCA species on the
same cell surface.

More recently, there are data from different
laboratories to suggest that specific LCA isoforms are
associated physically with other crucial accessory
molecules on the cell surface of T lymphocytes. Using an
antibody-induced co-capping technique, it has been shown
that LFA-1 co-caps with CD45RA* isoforms, CD2 with
CD4SRO* isoform, and CD4 and CD8 with CD45RC* isoforms.
With the chemical cross-linking studies, however, CD2 is
found to be associated with not only CD45RO*, but rather
with multiple LCA isoforms are found (7}. The CD45RO*
isoform has also been reported to be associated with CD26
(di* eptidyl peptidase IV) [16]. Although these data may
req ire further confirmation, they are consistent with
the model that heterogeneity of the LCA extracellular
domain is important in determining the exact LCA
ligand(s}.

le. LCA Glycosylation

Differential glycosylations are post-translational
events as they do not involve the LCA protein backbone.
The control of these modifications is unknown. However,
as discussed above, the control appears to be tightly
controlled and 1linked to cell differentiation and
development. It has been shown that LCZ glycosylation
occurs in the golgi apparatus and that the carbohydrate
component is required for cell surface expression and
stability of LCA. Therefore, impairment of carbohydrate
incorporation by tunicamycin inhibits LCA expression,
des,.te the fact that LCA in the precursor form can be
detected inside the cytoplasm. Importantly, LCA in the
non-glycosylated forms presumably has an immature
conformation such that the tyrosine phosphatase activity
is absent. Therefore, the function of LCA glycosylation
is at least four~-fold: 1) to create structural
heterogeneity with the extracellular domain for ligand
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selection; 2) to provide stability of the molecule so
that it can be expressed on the cell surface; and 3) to
provide appropriate conformation allowing enzyme
activity; 4) to regulate the overall cell surface
negative charge.

2. LCA Expressior. znd Lymphocyte Subsets

Analysis of LCA epitopes has allowed the delineation
of a number of lymphoid subsets. Early studies separated
memory T cells from virginal T cells on the basis of
CD45R0O and CD45RA expression respectively. CD45RO T cells
can be divided into CD45RB"™" and CD4S5RB™ [8] as
confirmed by our studies which employed a number of
different anti-CD45RB Mab's (chapter 4). Indirect
evidence suggests that CD4SRB"®" T cells have TH1 activity
(helper for Delayed-type Hypersensitivity reaction)
whereas CD45RB“ T cells have TH2 activity (helper for
Antibody production) (8,9].

Parallel to the reciprocal expression pattern of
CD45RA and CD45RO in T-cell 1lineage, CD45RB MT3 and
CD45RA KiB3 are mutually exclusive in B-cell lineage.
Furthermore, high expression of MT3 (and KiB3") is a
marker of memory B <cells, with unigue tissue
distribution, immunophenotype and in-vitro activation
responsiveness (Chapter 8).

Anti-CD45RA KiB3 also allows delineation of CD4‘
CD45RAY T cells into KiB3* and KiB3" subsets. Although the
large majority of CC4* CD45RA* are KiB3', the proportion
of KiB3* appears to increase with donor's age.
Furthermore, KiB3* cells have elevated levels of LFA-1,
a marker of memory cells. Taken together, KiB3* CD45RA*
CD4* cells may represent a group of antigen-exps -ienced
T cells which retain CD45RA+ isoforms.

In sunmary, studies of LCA wvariants aliow
delineation of lymphoid subsets not previously
recognized. These 1lymphoid subsets appear to have
distinct functional roles. This is cons’stent with the
notion that expression of LCA is closely linked to the
functional states of lymphoid cells.
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3. Unsolved Issues

3a. Functional Roles of LCA

it is clear that the expression of LCA variants is
tightly associated with lymphoid subsets with different
functions, and that LCA has tyrosine phosphatase activity
in the cytoplasmic domain. Whether the expression of a
specific LCA pattern directly contributes to a pecific
functional phenotype remains unclear. A large number of
in-vitro studies using anti-LCA antibodies to alter LCA
conformation showed a wide range of biological effects
but so far has not generated an unifying concept. Some of
the results in fact appear to contradict each other. One
explanation relates to the nature of the anti-CD45R Mab's
employed in those studies. For instance, ir--ubeotion with
an anti CD45RA Mab may biologically alter all LCA
variants carrying the variable region 1 (i.a. ABC, AB,
AC), each of which can have different function(s).
Therefore, the end result is the summation of all these
biological effects which are presumably cell type- and
antibody- specific.

3b. Ligands of LCA

As discussed, LCA is a family of a large number of
related but distinct proteins differentially expressed on
lymphoid cells. Each of these LCA variants likely has
different ligand(s). Multiple approaches have been used
to identify LCA ligands including antibody-mediated co-
capping and chemical cross-linking experiments as
discussed above. On the basis that an anti-CD45RO Mab can
block the adhesion of isolated CD22 protein to T cells,
Stamenkovic et al [10] concluded that CD22 is the ligand
of CD45RO. However, the first two approaches lack
specificity with anti-CD45R Mab's. Subsequent werk has
shown that CD22 in fact interacts rather non-specifically
with a sialic acid-containing moiety found in many
molecules other than CD45RO [11].

3c. Lymphoid Subsets delineated by LCA Expression and
their Role in Diseases

LCA has been a useful marker for delineating
lymphoid subsets. Changes in the frequency of these
functional subsets have been reported in a number of
different clinical disorders. For example, there is a
selective loss of CD4*CD45RA* cells and a reciprocal
increase of CD4*CD45RO* in patients with multiple
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sclerosis [12], systemic lupus erythematosus (13], and
rheumatoid arthritis [14]). These changes could be the
result of activation of virginal T cells in vivo and
their accelerated transformation into memory T cells.
Interestingly, patients with systemic lupus erythematosus
develop auto-antibody (mostly IgM) reactive with LCA,
preferentially those species with high molecular weight
(220 and 205 kd). Therefore, cells with high levels of
expression of the 220 and 205 kd species, namely CD8* and
CD4*CD45RAY, may be selectively downregulated or
eliminated from the circulation. Recent data suggest that
the switch of TH1 function (cell-mediated response) to
TH2 function (antibody-mediated response) may be the key
event allowing HIV to proliferate and produce clinically
evident immuno-suppression [15]. Monitoring of the
frequency of the CD4+ CD4S5RB"" (TH1) and CD45RB'™ (TH2)
may be instrumental in assessing the severity of the
infection. Finally, the use of anti-LCA Mab in renal
transplantation in primates has been shown to improve
graft curvival; hence, selective modulation of LCA by Mab
may be useful in providing fine-tuned immunosuppression
in transplantation.

In summary, a better understanding of LCA expression
and its function on different 1lymphoid subsets has
clinical relevance. Anti-LCA Mab's define functionally
important lymphoid subsets and can be useful in disease
monitoring and intervention.
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Topographic relationships of the MB1l, MT2 and KiB3
epitopes on the variable region A of LCA
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The mutually exclusive expression pattern of the MT3
(CD45RB) and KiB3 (CD45RA) epitopes



