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Abstract

This thesis contains investigations into the Major Histocompatibility
Complex (MHC) of two closely related species, rats and mice. In particular, I
have concentrated on molecules encoded in one part of the MHC, the I region
in mice, and its equivalent in rats. The first part of the thesis consists of experi-
ments dealing with the expression of molecules éncoded by genes in the I region,
the Ia molecules. Ia molecules are expressed on immune related cells and sur-
prisingly on epidermal cells.

Several conclusions can be drawn from my studies on these epidermal
Ia molecules. The Ia molecules isolated from radiolabeled detergent solubilized
epidermal cell extracts are not contributed by contaminating lymphocytes. The
Ia molecules from epidermal cell extracts are identical to their counterparts isolated
from spleen cells by both sodium dodecyl sulfate (SDS) polyacrylamide gel electro-
phoresis and high pressure liquid echromatography tryptic peptide map analyses.
The Ia molecules are synthesized by a non-T and non-B cell bone-marrow-derived
cell. This cell is probably the macrophage-like Langerhans cell. This work supports
the theory that Ia molecules are involved in the immune response and are present
only on immune related cells.

The second part of this thesis deals with the Class II (Ia-like) molecules
encoded by the rat equivalent of the I region. Two Class II molecules can be immuno-
precipitated using cross-reactive mouse anti-la sera. These reagents will be extremely

useful in the further elucidation of the rat MHC.
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INTRODUCTION

The major histocompatibility complex (MHC) of vertebrates is comprised
of a cluster of tightly linked loeci which regulate many aspects of the immune .
response. It is present in a wide variety of species. The following systems have
been described: H-2 (mouse), HLA (man), RhL-A (rhesus monkey), ChL-A (chimpanzee),

RT1, AgB or H-1 (rat), DL-A (dog), SL-A (pig), GPL-A (guinea pig), XL-A (Xenopus),

B (chicken), RbH-1 or RL-A (rabbit) and BL-A (cattle). Obviously there is no

consistent nomenclature for the MHCs of different species! The MHC of all species
have not been equally well characterized; the best studied are those of mice and

man. The MHC of different species is involved in several immune related reactions.
They include: 1) T cell activation and differentiation, 2) graft rejection, 3) regulation
of cellular responses as well as humoral responses, and 4) control of some complement
components. A further prominent feature in the MHC of mice and of man is the
striking polymorphism of several MHC proteins. Exactly how this relates to their
funection is unknown. I shall briefly summarize what is known about the MHC

of rats and mice.

Mouse MHC

The pioneer work of Peter Gorer over forty years ago suggested that
the product of a single locus detected by hemagglutination also elieits rapid graft
rejection (1). Because of the allograft rejection properties, Gorer's antigen II
was designated Histocompatibility-2 or H-2. Gorer's finding was the basis for
contemporary theories of transplantation, i.e., that genetically controlled antigens
present in the graft but absent in the host elicit an immune response. Snell, using
inbred strains originally established by Little, Strong, and others, constructed
congenic resistant inbred lines by extensive backcrossing and selection. The
importance of these congenie lines which differ only at genes of the H-2 complex,

and genes closely linked to the H-2 complex, cannot be overemphasized. These



strains of mice, whiech he made freely available, gave investigators a tool to
analyze the fine structure of the H-2 complex, its relevance to transplantation,
cell-cell interactions, control of the immune response, susceptibility to disease,
complement regulation, and immune cell differentiation (2).

It was shown that the H-2 locus was really a complex of genes. It could
be subdivided into regions by recombination and one of the regions, the I region,
was further divided into subregions. The distinction between a region and a subregion
is largely historical and somewhat artificial. Although there are several designations
for molecules encoded by the H-2 complex, one nomenclature which facilitates
interspecies comparisons simply groups the molecules into classes I, II, or III (3).

A summary of some of the characteristics of class I and II molecules is presented
below. Class III molecules deal with complement components and will not be
discussed. A review of class III molecules can be found elsewhere (4).

The class I molecules are heterodimers consisting of a 45,000 molecular
weight glycoprotein subunit (K, D or L), and a 12,000 molecular weight subunit
(Bz—microglobulin). The larger subunit is encoded in the H-2 complex. A moderate
and ever-increasing amount of primary sequence is known (v°60% of the residues
of one class I molecule have been identified) (5). There are extensive sero-
logical and biochemical differences among alleles. Because the mouse K and
D allelic gene products differ from one another by multiple amino acid residues
and segregate in a Mendelian fashion, they have been termed complex allotypes (6).
Further, there is no apparent K-ness or D-ness: that is, two K molecules are
apparently no more closely related than a K and a D molecule (7). Class I molecules
are extraordinarily polymorphic. Almost every wild mouse tested has a new K
or D allele (8). The class I molecules are targets for graft rejection. They also
function as the targets in the restricted killing of virally infected or TNP-modified

cells (9, 10). They have a wide tissue distribution, being present on virtually every



cell type except adult germ cells and cells very early in development (2).

Class II molecules are encoded in the I region. The only gene products
of the I region which have been identified by immunochemical techniques are
the Ia antigens encoded by loci mapping to the I-A and I-E subregions (11, 12).
The class II or Ia molecules are composed of at least two noncovalently associated
glycoprotein subunits. There is an a subunit of approximately 34,000 molecular
weight, and a B subunit of approximately 28,000 molecular weight. A third,
apparently nonpolymorphiec subunit called the constant or invariant spot has also
been reported (13). In inbred strains of mice, there are extensive differences
both serologically and biochemically among the a subunits and among the B subunits
encoded by genes in the I-A subregion. There are fewer differences among alleles
of the I-E subregion. In particular, the Ea molecule is highly conserved and is
also highly homologous to its human and guinea pig counterparts (14, 15). Wild
mice exhibit striking polymorphism of the I-A subregion products while the I-E
subregion products are much less polymorphic (8). Genes in the I-A subregion
either code for the EB polypeptide or modify it (16). Further, not all inbred strains
express molecules encoded in the I-E subregion. Genes controlling the humoral
immune response to antigens map to both the I-A and I-E subregion (2). Class II molecules,
or products of genes very closely linked to the I region, elicit graft rejection (17), T
cell proliferation in mixed lymphoeyte reactions (MLR), and seem to be necessary for
interactions between macrophages and T cells (18). They are found on a variety
of immunological factors which may function in cell-cell interaction (18). They are
much more restricted in their tissue distribution than the class I molecules, being

present only on immune related tissues, epidermal cells, and perhaps spermatozoa (8).

Rat MHC

The rat MHC, called variously the H-1, AgB or RT1 complex, is similar

in many respects to the murine H-2 complex. Even though inbred rat strains were



initiated about the same time as inbred strains of mice, much less is known about
the RT1 complex than the H-2 complex. It was not until the last few years that
recombinants in the RT1 complex have been described and they still are not freely
available. This has greatly hindered progress in the understanding of the RT1
complex. The complex has been divided into two regions, A and B. Serologically,
the A region codes for at least one class I molecule and the B for at least one
class Il molecule (19, 20). The class I molecules immunoprecipitated by alloantisera
are glycoproteins of approximately 45,000 molecular weight and are associated
with Bz—microglobulin (21, 22). Partial N-terminal sequence analysis indicates
that there are at least two class I molecules (21). The RT1.A alloantigens are
the principal target for eytotoxie T cells. The alloantigens have a wide tissue
distribution being expressed on lymphoeytes, red blood cells, platelets and many
other tissues (19, 23, 24). There are considerable differences among the class I
molecules of inbred strains (25).

The eclass II molecules are composed of at least two polypeptides; an
a of molecular weight 32,000 and a B of molecular weight 28,000 (22, 25). The
o and B polypeptides are polymorphie. The class II molecules are restricted in
their tissue distribution, being present on B lymphocytes and on an abundant, pre-
sumably nonlymphoid, cell of rat kidney (23, 27). The products of the RT1.B region
(presumably class II molecules) stimulate various allogeneic responses in mixed
lymphocyte reactions (MLR) (19, 28). Further, the control of the immune response
to synthetic polypeptides maps to the RT1.B region (20). The most provocative
feature of the rat MHC is its relative lack of polymorphism. When one traps
wild rats, and sereens them with a panel of antisera used to type inbred strains
for class I molecules, almost all the wild rats react with one or two (but never
three) of the sera (29). Thus it appears that the inbred strains express most of

the polymorphism of the class I molecules of the entire species. Similarly, if one



types wild rats by their mixed lymphocyte reactions (MLR), which are thought to
be a measure of the similarity of class II molecules, again the inbred strains of
rats seem to contain most of the polymorphism of the entire species (30). This

is quite different than the situation in mice and men.

Rationale

This thesis reports studies on proteins encoded by the MHC of rats (AgB
or RT1) and mice (H-2). Many different cells must interact to generate and regu-
late an immune response. For example, macrophages must interact with both
T cells and B cells to initiate a response, T cells must cooperate with B cells to
stimulate them to become antibody-producing cells, and some T cells interact
with other T cells to suppress an immune response. Ia molecules are intimately
involved in all these processes. Thus, it was very puzzling to find Ia antigens
expressed on epidermal cells. These cells do not have an obvious immune funection.
Was this finding the result of contaminating lymphocytes in the epidermal cell
preparations? Was this a cross reaction of an antiserum with a common determinant
shared by very different molecules? What cells actually synthesized the Ia-like
molecules? Did the Ia molecules on epidermal cells indicate that they may be
involved in immune surveillance? Or did this indicate that Ia molecules subserved
a more general cell interaction funetion? I tried to approach these questions
biochemically. Chapters 1 and 3 deal with the structure of Ia molecules isolated
from epidermal cells. Chapter 2 deals with the origin of these molecules.

The second part of this thesis consists of studies on the rat MHC, pre-
dominantly the rat equivalent of the I region. It is informative to examine the
MHC of the rat, a rodent species closely related to the mouse, yet perhaps dif-
ferent in some important respects. For example, some intriguing studies on wild
rats suggested that the polymorphism of the rat MHC was strikingly different

when compared to the mouse. In order to study the polymorphism of the rat MHC,



well-characterized antisera are essential. The production of suitable antisera

is hindered by the lack of available recombinant strains of rats. I have attempted
to utilize crossreactive mouse antisera in defining the rat MHC products. This
approach demonstrated that the rat MHC contains two sets of class II molecules,
and that the polymorphism within inbred rat strains is extensive. Further, these
results indicate that mouse antisera coupled with biochemical techniques will

be an important tool in analyzing the rat MHC. These results are presented in

Chapters 4 and 5.
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Chapter I

Epidermal Ia Moleuales from the J-A and I-EC

Subregions of the H-2 Complex

The publication contained in this ehapter originally appeared in Immunogenetics
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' Immunogenetics 6: 125-135, 1978

Epidermal Ia Molecules from the I-4 and I-EC Subregions of the
Mouse H-2 Complex

John G. Frelinger,! Peter J. Wettstein,? Jeffrey A. Frelinger,? and Leroy Hood!

! Division of Biology, California Institute of Technology, Pasadena, California, 91125
2 Department of Microbiology, University of Southern California Medical School, Los Angeles,
California 90033

Abstract. Immune response region-associated (Ia) antigens encoded by genes in
the I-4 or I-EC subregions have been detected on murine epidermal cells by
indirect immunoprecipitation, using antisera produced against murine lymphoid
cells. The Ia antigens encoded by genes in these subregions are composed of two
polypeptides with approximate molecular weights of 33,000 and 28,000. The 1a
antigens are not derived from contaminating B- or T-cell populations. The Ia
molecules from lymphocytes and epidermal cells appear to have identical sub-
unit structures and very similar, if not identical, molecular weights. The possible
biological role of the Ia antigens on epidermal cells is discussed.

Introduction

The major histocompatibility or H-2 complex of the mouse has been divided into five
regions (K, I, S, G, and D). Genes in the I region are involved in regulating the
immune response to antigens, graft-versus-host reactivity, T-B cell collaboration, and
graft rejection (discussed in Shreffier ef al. 1976, Klein 1975). Furthermore, I-region
genes code for a set of serologically detected cell-surface alloantigens, designated Ia
antigens. In the mouse, the / region has been subdivided into several subregions (i.e.,
I-‘A, I-B, I-J, I-E, and I-C) by genetic mapping of immune response genes and by
serological analysis of cell-surface antigens in recombinant strains of congenic mice
(Schreffier et al. 1976, Murphy et al. 1976).

The Ia antigens isolated from mouse spleen cells by indirect immunoprecipitation
and analyzed by sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis
are composed of two subunits, the a and # polypeptides, with molecular weights of
33,000 and 28,000, respectively. Partial amino acid sequence data from the N
terminus of Ia polypeptides isolated from lymphoid cells indicate that they
apparently share little homology with either the K or D antigens or with immuno-
globulins (Silver et al. 1976; McMillan et al. 1977).

The Ia antigens are more restricted in tissue distribution than the serologically
detectable H-2K or D antigens. Whereas the K or D antigens are believed to be
present on virtually every tissue, the Ia antigens have been detected only on B
lymphocytes, a subpopulation of T lymphocytes, macrophages, fetal liver, epidermal
cells, and spermatozoa. They are not present on red cells, platelets, muscle, brain,



11

J.G. Frelinger et al.

and a variety of other tissues (Hammerling et al. 1975, Colombani et al. 1976,
Hauptfeld et al. 1974).

The function of Ia antigens has been the subject of much speculation. They have
been suggested as Fc receptors (Dickler and Sachs 1974), antigen receptors
(Benacerraf and McDevitt 1972), T-B cell interaction molecules (Katz et al. 1975),
and as a component of various inhibitory or facilitating immune factors (Tada et al.
1976, Munro and Taussig 1975). An unanswered question that may place important
constraints on the function of Ia molecules is whether the Ia molecules on different
tissues are identical.

Earlier studies using antisera produced against antigens determined by genes in
the entire / region on spleen cells have demonstrated, by direct cytotoxic tests and by
adsorption analysis, that Ia antigens are present on epidermal cells (Hammerling et
al. 1975, Klein et al. 1976). Preliminary evidence indicated that some Ia-like
molecules could be precipitated from a radiolabeled epidermal cell extract by indirect
immunoprecipitation (Delovitch and McDevitt 1975). Our present work demonstr-
ates that the epidermal cells express Ia antigens encoded by genes in both the I-4 and
I-EC subregions. Moreover, antisera directed against either of these subregions
precipitate two biosynthetically labeled Ia polypeptides, the molecular weights of
which are indistinguishable from those present on B lymphocytes.

M aterials and Methods

Mice. B10.A(4R), BI0O.HTT, and B10.D2 mice were raised at the mouse colony at the University of
Southern California School of Medicine. B10.A(5R) mice were the generous gift of Dr. J. Stimpfling of
McLaughlin Research Institute, Great Falls, Montana. C57B1/6] mice were purchased from the
Jackson Laboratory, Bar Harbor, Maine.

Antisera. Hyperimmune alloantisera were prepared by multiple injections of spleen, lymph node, and
thymus cells as previously described (David er al. 1973). All alloantisera have been characterized by
direct cytotoxicity and adsorption analysis, using appropriate lymphocyte targets (Frelinger er al.
1974). The alloantisera employed in this study and the subregions they recognize on specific targets are
given in Table 1. None of the antisera utilized recognizes I-E or I-C subregion products alone, so we
denote this ambiguity as /-EC. Rabbit anti-u chain serum was prepared from u chains isolated from
BALB/c myeloma tumor MOPC 104E, which was the generous gift of M. Kehry, California Insitute of
Technology. :

Adsorption of Anti-Ia Sera by Epidermal Cells. Epidermal cell suspensions were prepared as described
below. Seventy-five ul undiluted antiserum were added to a cell pellet containing 5 x 10 epidermal cells.
The cells were resuspended in the serum and incubated 30 minutes on ice. The suspensions were centri-
fuged and the supernatant was removed. This procedure was repeated 3 times. The final supernatant
was tested for residual cytotoxic activity.

Staphylococcus aureus. Cowan-1 strain ATC no. 12598 (Staph-A) was prepared according to the
methods described previously (Kessler 1975) as modified by Cullen and Schwartz 1976). Briefly,
Staphylococcus aureus Cowan I (Staph A) was grown overnight in shaker flasks, washed, heat-killed,
and fixed with 1.5% formaldehyde. The fixed, heat-killed Staph A was stored in aliquots at —60°C until
use. The staph A is superior to rabbit anti-mouse immunoglobulin as the agent for the indirect immuno-
precipitation procedure with regard to ease of handling, efficiency, and specificity (Cullen and Schwartz
1976).

Preparation and Labelling of Cells. Spleen cells were labeled as described previously (McMillan er al.
1977). Briefly, cells were teased through a wire screen, washed, and incubated at 2 x 107 cells/ml for 5
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Table 1. The Antisera and Mouse Strains Used as Targets to Precipitate Ia
Molecules

Antisera Targets Relevant H-2 Regions
A.TH anti-A.TL B10.HTT® I-EX, I-C*
B10.D2® I-J4, I-E¢, I-CH
A.AL Ix
A.TL anti-A.TH BI10.HTT® 1-4°,I-B%, I-J*
(A.TH x B10.HTT)F, anti-A.TL B10.A(4R) I-4*
(B10 x HTI)F, anti-B10.A(5R) B10.D2 I-E¢, I-C¢
(A x B10.D2)F, anti-B10.A(5R) C57B1/6) K®, I-4°, I-B®

® Since la-like membrane antigens have not been demonstrated for the S or G
regions in lymphocytes, this antiserum is probably reacting principally with
I-region molecules

® This antiserum potentially has reactivity with Ia.15 on B10.D2 cells. However,
absorption with BI0.HTT cells (Ia.7) leaves no residual activity on B10.D2 cells.
Thus, this sera reacts primarily with Ia.7 and the molecule(s) precipitated is
probaoly an /-C subregion product. Although crossreactions of I-J* and I-J¢
have been reported (Frelinger er al. 1976), I-J is expressed on only a small
subpopulation of lymphocytes and probably does not contribute to the observed
reactions

¢Since no la specificities can be attributed to the /-B subregion and little
compelling evidence can be produced for its existence, we have designated all
reactions with /-4 and I-B, I-4

hours in Hanks’ balanced salt solution supplemented with 10 mM Hepes, Eagle’s minimal essential
media amino acids (minus tyrosine and leucine), 5% dialyzed calf serum, and 1 mCi each of *H-tyrosine
and *H-leucine. T cells were isolated as described previously (Julius er al. 1973) and labeled as
described above for spleen cells. Epidermal cells were prepared, using published procedures (Scheid et
al. 1972), from mouse tails. Every cell preparation was examined microscopically, and each showed a
morphology typical of epidermal cells. Cells were typically 2 or 3 lymphocyte diameters with prominent
cytoplasm, and thus are easily distinguished from lymphocytes. Preparations were free of lymphocyte
contamination. No small round cells were seen in several hundred epidermal cells observed. Only
occasional red cells were seen, indicating little or no contamination of the epidermal cells preparations
by peripheral blood cells. Mice with tail scars or lesions were excluded as cell donors. Epidermal cells
were labeled as described above for spleen cells, but at a concentration of 1 x 107 cells/ml. Spleen or T-
cell preparations were lysed in a volume equal to the incubation mixture, with 0.01 M Tris, 0.15 M
NaCl, and 0.5% NP-40 at pH 7.4. Epidermal cells were lysed with the same buffer but at a
concentration of 3 x 108 cells/ml lysis buffer. The debris was removed by centrifugation.

Lens culinaris Affinity Chromatography. Lens culinaris lectin was isolated from the common lentil
(Hayman and Crumpton 1972) and coupled to CNBr-activated Sepharose 4B (Cuatrecasas et al. 1968)
at 1.5 mg lectin/ml of settled Sepharose 4B. Nonidet (Shell trademark) P40 (NP-40) extracts were
passed over a 10-ml lectin column at 4°C, and the bound fraction was eluted with 0.1 M alpha-methyl-
p-mannoside. This fraction was concentrated to the original volume in a B15 Minicon filter (Amicon).
This concentrated material was used in subsequent precipitations.

Immunoprecipitations. The lectin-purified extract was incubated with antisera, typically 400 4l NP-40
extract and 20 4l of a specific alloantisera, for 2 hours, and subsequently precipitated with Staph A for 1
hour, usually 200 ul 10% Staph A solution. The Staph A was washed 3 times and the bound material
eluted with a mixture of 2% SDS, 2% 2-mercaptoethanol, and 50 mM Tris pH 6.8. This sample was
examined by SDS-polyacrylamide gel electrophoresis (SDS-PAGE; Laemmli 1970). The gels were
sliced into 1-mm sections, and the radioactivity was eluted and then counted in a Beckman LS230
scintillation counter.
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Results

Ia Molecules Encoded by Genes in Both the I-A and I-EC Subregions Can Be
Isolated from Epidermal Cells

Figure 1 shows the SDS-polyacrylamide gel analysis of labeled immuno-
precipitates, employing a variety of antisera with restricted specificities (Table 1). Ia
molecules encoded by genes in the I-4° (Fig. 1a), I-4* (Fig. 1b), and I-4® (Fig. 1c)
subregions were isolated and characterized on SDS-polyacrylamide gels. Ia
molecules from the I-EC* (Fig. 1d) and I-EC“ (Fig. 1e) subregions were characterized
in a similar manner. The sera and strains utilized as targets are given in the legend to
Figure 1. The H-2" and H-2¢ haplotypes share the Ia.7 specificity, and this is the
cause of the reaction of (B10 x HTI)F, anti-B10.A(5R) with the B10.D2 extract
(David et al. 1975; Fig. le). The peaks from the B10.D2 extract are substantially
larger because a larger amount of cell extract was utilized for that precipitation
relative to the other precipitation seen in Figure 1.

The Ia molecules encoded by genes in the I-4 or I-EC subregions isolated from
lymphocytes or epidermal cells are similar, if not identical, in their electrophoretic
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Fig. la—f. SDS-polyacrylamide gel electrophoresis patterns of Ia molecules isolated from epidermal
cells by immunoprecipitation. Restricted Ia antisera and Staph A were used to precipitate Ia molecules
from lectin-purified epidermal cell extracts. a) I-4° molecules detected by A.TL anti-A.TH on a
B10.HTT extract representing 1.3 x 10¢ cells. b) J-4* molecules detected by (A.TH x B10.HTT)F,
anti-A.TL on a B10.A(4R) extract representing 3 x 10° cells. ¢) K® I-4® molecules detected by (A x
B10.D2)F, anti-B10.A(5R) on a B10.A(5R) extract representing 1.3 x 10¢ cells. d) I-E* I-C* molecules
detected by A.TH anti-A.TL on a B10.HTT extract representing 1.3 x 10° cells. e) I-E¢ I-C? molecules
detected by (B10 x HTI)F, anti-B10.A(SR) on a B10.D2 extract representing 7.5 x 10¢ cells. f)
Control employing normal mouse serum on a B10.A(5R) extract representing 1.3 x 10° cells. (=)
Arrows indicate MOPC 104E heavy-chain (u) and light-chain markers. (=) Arrows indicate the dye
front. NS represents the nonspecific peaks. All the extracts were precipitated by Staph A with the
exception of the B10.D2 extract, which was preprecipitated with rabbit anti-u chain antiserum and
Staph A
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behavior. Two molecular-weight components were resolved by this gel procedure in
every case examined, though in general, the I-EC subregion components migrate
with more similar Rf values than the components encoded in the I-4 subregion. This
is precisely the pattern seen in the Ia molecules isolated from spleen cells (Fig. 2).
The molecular weights of splenic and epidermal Ia on SDS-polyacrylamide gels are
identical within experimental error (+1000).

Epidermal Cells Remove Activity of Anti-Ia Serum

A.TH anti-A.TL (anti-I*) serum was adsorbed with B10.S and A.TL epidermal cells.
Adsorption of this serum with A.TL epidermal cells reduced the cytotoxic titer

SPLEEN Ia

0 10 20 30 40 50 60 70 80

0 |
) 10 20 30 40 50 60 70 80
SLICE NUMBER

Fig. 2a and b. SDS-polyacrylamide gel electrophoresis patterns of la molecules from spleen. Lectin-
purified B10.HTT spleen cell extracts representing 1 x 10° cells were precipitated with a) A.TL anti-
A.TH, detecting I-4* molecules, and b) A.TH anti-A.TL, detecting /-E* I-C* molecules. See the legend
to Figure 1 for a description of the various markers



15

J.G. Frelinger et al.

on lymph node lymphocytes from greater than 1/640 to less than 1/20. Adsorption
with B10.S epidermal cells left a residual titer of greater than 1/320. Thus, A.TL epi-
dermal cells share all the serological specificities present on A.TL lymph nodes cells"
detected by cytotoxicity.

Transplantation Antigens Can Be Isolated from Epidermal Cells

The peak of molecular weight 45,000 in Figure 1C is expected, because the
antiserum used reacts with the K® molecules. Thus, we have also shown that the
serologically detectable K transplantation antigen is present on epidermal cells. The
irregular peak of 45,000 molecular weight seen in some of the other extracts could be
decreased in size by preclearing with Staph A, but was never completely eliminated.
This peak probably represents nonspecific precipitation of actin (P. Jones, personal
communication). We can eliminate this nonspecific peak by using the same
procedure on spleen cell extracts (Fig. 2).

Epidermal Ia Molecules Are Not Contributed by B Cells (Ig-Positive Cells)

B10.D2 epidermal cells from mouse tails were isolated in the standard manner.
This preparation was divided into two equal aliquots, one of which was labeled as
described in Materials and Methods. C57B1/6J (B6) spleen lymphocytes were added
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Fig. 3a—d. Mixture experiments with B cells and epidermal cells. a) SDS-polyacrylamide gel
electrophoresis patterns of a lectin-purified B10.D2 epidermal cell extract representing 1.5 x 107 cells
precipitated with rabbit anti-u serum. b) Lectin-purified extract representing 1.5 x 107 B10.D2 epidermal
cells and 1.5 x 10% B6 spleen cells, precipitated with rabbit anti-u serum. ¢) One-half of the supernatant
after the precipitation in (a) representing 7.5 x 10° B10.D2 epidermal cells precipitated with A.TH anti-
A.TL serum. d) One-half of the supernatant after the precipitation in (b) representing 7.5 x 10 B10.D2
epidermal cells and 7.5 x 10° B6 spleen cells precipitated with (A x B10.D2)F, anti-B10.A(5R) serum.
NS represents the nonspecific peaks. (=) Arrows indicate the dye front
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to the second aliquot to a concentration of ten percent of the epidermal cell number,
and then labeled as the first aliquot. Both preparations were precipitated with rabbit
anti-u heavy chain. The analyses of these precipitations are shown in Figures 3a and
3b. One-half of the supernatant aliquot of B10.D2 tail cells was then precipitated
with A.TH anti-A.TL (Fig. 3c). One-half of the supernatant from the aliquot of
B10.D2 tails contaminated with B6 spleen cells was precipitated with (A X
B10.D2)F, anti-B10.A(5R) (Fig. 3d). This serum recognizes only the Ia antigen from
the spleen cells, since the antisera was made in an (A x B10.D2)F, mouse, and thus,
is genetically blocked for reactivity with the B10.D2 Ia components present on the
epidermal cells. The analysis of precipitates by SDS-polyacrylamide gel electro-
phoresis is shown in Figures 3¢ and 3d. No heavy-chain or light-chain peak is seen
from twice the amount of extract necessary to observe an Ia peak from the B10.D2
tails alone, as can be seen by comparing Figures 3a and 3c. Furthermore, the heavy-
chain peak seen in the artificially contaminated tail cells preparation is substantially
larger (~fourfold) than the Ia peaks contributed by the spleen cells (Figs. 3b and 3d).
If the Ia molecules in Figure 3¢ are from Ig-positive cells, we should be able to see
easily a heavy-chain peak in Figure 3a, but this is not observed. Thus, contamina-
tion from B cells (Ig-positive) is not the source of the Ia antigen detected from the
epidermal cell preparations. This finding is consistent with the absence of any
fluorescent cells (0/40) when the epidermal cells were treated with fluorescein-labeled
rabbit anti-mouse Ig (J.A. Frelinger, unpublished data).

T Cells Are Probably Not the Source of the Ia Molecules Seen in These Experiments

T cells were enriched by a passage of spleen cells through a nylon wool column
(Julius ef al. 1973). The labeled extract of the partially purified T cells was precipi-
tated with both rabbit anti-u chain and A.TH anti-A.TL. The results are shown in
Figures 4a and 4b, respectively. The Ia present in Figure 4b could be explained by
the presence of contaminating B cells, as evidenced by the amount of heavy chain
and light chain in Figure 4a. The ratio of immunoglobulin to Ia molecules in the T-
cell preparation is the same as that found in B or spleen cell preparations. This does

B
a) Anti-p b)Anti-lo
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Fig. 4a and b. SDS-polyacrylamide gel electrophoresis patterns of immunoprecipitations from lectin-
purified A.AL nylon wool T cell extracts representing 2 x 10¢ cells. a) T cells precipitated with rabbit
anti-104E serum. b) T-cell extract precipitated with A.TH anti-A.TL serum. The 4' peak in Figure 4a
probably represents a degradation product of the 4 chain. (=$) Arrows indicate the dye front

’
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not suggest that T cells lack Ia molecules. Others have estimated, using analogous
techniques, that thymocytes have from 50 to 100 times less Ia per cell than B cells
(Schwartz et al. 1977). However, within experimental limits, the amount of Ia
precipitated in Figure 4b could be explained by the ten percent contaminating B cell
estimated by direct immunofluorescence in this T-cell preparation. No Ia molecules
could be ascribed to T cells in a cell preparation specifically enriched for T cells. We
can rule out contamination of the epidermal preparations by more than five percent
lymphocytes by morphological criteria. Thus, T cells are not a likely source of the Ia
antigens seen in these epidermal cell extracts.

Discussion

Epidermal Ia Molecules Coded by Genes in the I-A and I-EC Subregions are Very
Similar to Their Lymphoid Counterparts

Two Ia polypeptides can be isolated from the I-4 and I-EC subregions from epi-
dermal and spleen cell suspensions, using antisera prepared against lymphocytes.
Thus, the epidermal and lymphoid Ia molecules share serological determinants.
Further, the Ia molecules from epidermal and spleen cells share the charactertistic
two-chain polypeptide pattern on SDS-polyacrylamide gels. The molecular weights
of the Ia polypeptides isolated from spleen and epidermal cells are apparently
identical. In addition, the size and shape of the subunit peaks from the two cell types
are similar, when labeled with *H-tyrosine and *H-leucine, suggestive, although not
definite proof, that the polypeptides have similar amino acid compositions. Finally,
the Ia molecules from the I-EC subregion consistently migrate closer together than
the molecules from the /-4 subregion from both spleen and epidermal cells (Figs. 1
and 2).

Which Cells in the Epidermal Cell Preparation Are Responsible for the Synthesis of
the Ia Molecules Seen in Our Experiments?

Tail cells were isolated by a procedure which characterized these cells as
epidermal by their morphology in the electron microscope (Scheid et al. 1972). The
Ia antigens are not derived from T or B cells (Figs. 3 and 4). However, our
experiments give no direct information about either the proportion or the type of cells
in the epidermis that are Ia-positive. Two previous reports of the expression of I-
region markers on murine epidermal cells suggest that significant amounts of Ia are
present on most epidermal cells. These studies employed direct cytotoxic tests to
demonstrate that more than 80 percent of mouse epidermal cells have cell-surface Ia
antigens which lead to cell lysis by anti-Ia sera and complement (Hammerling et al.
1975, Klein et al. 1976). Indirect immunofluorescence studies suggest that more than
90 percent of cells in the epidermal cell suspensions are la-positive (J.A. Frelinger,
unpublished data). Quantitative adsorptions suggest that epidermal cells have only
two to four times fewer Ia molecules per cell than B cells (Klein et al. 1976). Unless
one postulates cells with significantly greater amounts of Ia antigens than B cells, this
adsorption data is not consistent with a small population of Ia-positive cells in the epi-
dermis. Thus, the evidence in mice strongly suggests that most of the cells in the
epidermis are Ia-positive.
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The percentage of Ia-positive cells in human epidermis may be much lower than in
mouse epidermis. Recent studies investigated which cells, keratinocytes, melano-
cytes, or Langerhans cells in the human epidermis are Ia-positive. Indirect immuno-
fluorescence indicates only two to three percent of the cells in the epidermis, the
macrophage-like Langerhans cells, are HLA-D-positive (Rowden and Sullivan 1977,
Klaresky et al. 1977). The HLA-D region appears to encode the human equivalent
of the Ia antigens. The reason for the apparent discrepancy in the frequency of Ia-
positive cells in the epidermis of mouse and human is not clear. It might represent a
species-associated difference in the distribution of Ia antigens. Alternatively, we
believe that it probably reflects technical differences in the experimental system, such
as differences in the titer of the antisera employed and the sensitivity of the detection
system.

The Apparent Identity of Ia on Epidermal and B Cells Has Interesting Implications
Jor the Function of Ia Molecules

There is no evidence which suggests any function for Ia molecules on epidermal
cells, either immunological or other. Fluorescence studies in the human indicate that
epidermal Langerhans cells are Ia-positive (Rowden and Sullivan 1977, Klaresky et
al. 1977) and Fc-positive (Stingl et al. 1977, Rowden and Sullivan 1977). Other
studies on guinea pigs show that Langerhans cells have an affinity for certain anti-
genic metals and amines (Shelly and Juhlin 1976). Furthermore, there is an increased
number of Langerhans cells in the draining lymph nodes relative to controls in
passively sensitized guinea pigs when they are rechallenged with antigen (Silberberg-
Sinakin et al. 1976). Thus, investigators have suggested that Langerhans cells may
function in a fashion analogous to macrophages and be involved in the uptake and
transport of antigenic material from the epidermis to the lymphatic system. However,
Langerhans cells probably represent only a subset of the Ia-positive cells in the
mouse epidermis, which raises the question as to the function of the remaining Ia-
positive cells. An interesting speculation is that the Ia molecules on skin cells are
present to facilitate the stimulation of T cells associated with cells present in the epi-
dermis. This hypothesis is consistent with the finding that the transfer of delayed-type
hypersensitivity in mice requires I-4 region compatibility of responding T cells and
sensitizing macrophages (Miller et al. 1976). Besides predicting that the Ia molecules
on epidermal and B cells would be identical, this also suggests that other tissues
continuously exposed to environmental immunogens, such as the epithelial surfaces
of the gut and lungs, should be Ia-positive. An alternative hypothesis is that the Ia
molecules on the epidermis may assist in an immune surveillance function of T cells,
possibly by stabilizing interactions between T and epidermal cells. In any case,
theories as to the function of Ia molecules must take into account the presence of epi-
dermal Ia molecules that appear to be similar if not identical to their counterparts on
lymphoid cells.

We have demonstrated by immunoprecipitation techniques the presence on epi-
dermal cells of Ia molecules similar to those found on B cells from both the I-4 and
I-EC subregions. These immunoprecipitation data are consistent with the sero-
logical and skin graft rejection data which indicate that Ia molecules are present on
epidermal cells (Hammerling et al. 1975, Klein et al. 1976). This system will permit
the first detailed analysis of nonlymphoid Ia molecules. We are in the process of
peptide map analyses and two-dimensional gel electrophoresis studies to determine if
the epidermal and lymphoid Ia are, in fact, identical.
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Mouse epidermal Ia
molecules have a bone marrow origin
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The major histocompatibility or H-2 complex of the mouse is
divided into five regions (K, I, S, G and D)'. Genes in the I
region regulate immune responses®. The I region has several
subregions which are designated I-A, 1-B, I-J, I-E and I-C. The
I-A and I-E subregions also code for a set of serologically
detected cell-surface alloantigens, designated Ia antigens’.
The relationship between the genes regulating the immune
response and those encoding the serologically detectable
alloantigens is still unknown. A number of species including
man, rats and guinea pigs contain genetic regions apparently
equivalent to the murine I region. Ia molecules are integral
cell-surface glycoproteins that consist of two subunits of
approximate molecular weights 35,000 (a) and 28,000 (B).
Unlike the classical transplantation antigens which are present
on almost all cells, the Ia antigens are found primarily on cells of
the immune system—lymphocytes and macrophages**. A not-
able exception has been the demonstration of la antigens in
mice, or Ia-like antigens in other mammals, on epidermal
cells"*, There is controversy about the numbers of Ia-positive
cells in the epidermis. Fluorescence studies in humans''?,
guinea pigs'* and mice'® indicate that only about 5% of epi-
dermal cells are Ia positive. These cells were identified by
morphological criteria as the macrophage-like Langerhans cells.
However, cytotoxicity studies in mice using anti-Ia sera indicate
that a majority of epidermal cells (up to 90%) are Ia positive*™.
The reason for this discrepancy is not known. Here we demon-
strate that the epidermal Ia molecules are synthesised by bone
marrow-derived cells, presumably Langerhans cells.

We replaced the entire population of bone marrow-derived
cells in one animal with bone marrow cells from a second animal
capable of synthesising Ia molecules distinct from the first.
These chimaeric animals are constructed by the injection of
donor bone marrow cells into lethally irradiated recipients. In
chimaeric animals all cells except those of bone marrow origin
are of the recipient genotype. We reasoned that if the Ia
molecules synthesised in epidermal cell preparations (mouse tail
cells) are synthesised by bone marrow-derived cells, the la
molecules isolated from long-term (>3 months) chimaeras
should be of donor origin. Alternatively, if the Ia molecules are
synthesised by a majority of epidermal cells, the Ia molecules
should be of recipient origin.

Our experimental design requires almost complete replace-
ment of recipient bone marrow-derived cells with donor cells.
Direct tests confirmed that this had occurred (Table 1). Two
types of chimaeric animal were constructed: parental (P) cells
were transplanted to F, offspring (P - F,) and vice versa (F, » P).
For the P> F, chimaeras, the analysis of bone marrow-derived
cells used cytotoxicity and haemagglutination assays. In the case
of the F, -» P chimaeras, the donor cells in the recipient were
measured by haemagglutination. In both cases, the results
indicated that the haematopoietic system was almost completely
reconstituted with donor cells (Table 1).

We isolated epidermal Ia molecules by indirect immuno-
precipitation using mouse alloantisera as previously described'®.
The specificity of the antisera is critical in determining whether
the Ia is contributed by donor or recipient cells in these chi-
maeras. The sera were characterised extensively by cytotoxicity,
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Fig. 1 SDS-polyacrylamide gel electrophoresis of epidermal Ia
molecules isolated from parent—+F, bone marrow chimaeras.
Epidermal Ia was isolated as previously described'°. Briefly, single
cell suspensions of trypsinised epidermal cells were biosynthetic-
ally labelled with *H-amino acids and lysed in 0.5% NP40. The
glycoprotein fraction was isolated by Lens culinaris lectin affinity
chromatography, concentrated fivefold in a B-15 Minicon, and
indirectly immunoprecipitated with specific antisera and fixed
Staphylococcus aureus (Cowan I strain). The parent— F, chimaera
extracts were precipitated with (AxB10.D2)F, « B10.A(5R)
[aK"1-A®I-B®] (a) (B10 x HTI)F, a B10.A(5R) [«1-E° I-C*] (b)
(A.-THxB10.HTT)F, a A.TL[«l-A*I-B*I-J*] (c) rabbit anti-
MOPC 104E [Rau] (d). | Arrows indicate MOPC 104E heavy
chain () and light chain markers; | arrows indicate the dye
front. NS represents nonspecific 45K peaks, possibly actin.

absorption and immunoprecipitation (data not shown). They
were tested on strains identical to those used in these experi-
ments to demonstrate unequivocally that the observed reaction
was specific for recipient or donor strains. An F, animal
[B10.A(1R)xB10] is heterozygous for the H-2 complex and
expresses Ia molecules encoded by both the H-2"' and H-2°
haplotypes (Fig. 1). In F, chimaeras (P - F,), only Ia molecules
from the donor animal can be isolated from epidermal cells.
Both I-A and I-E subregion products can be detected (Fig. 15,
c). In these chimaeras, we cannot detect Ia molecules of the
H-2" haplotype from the B10 parent (Fig. 1a). In contrast,
transplantation antigens of both haplotypes can readily be
detected in these chimaeric animals. The results in Fig. 1a also
provide direct evidence that transplantation molecules (K®) can
be synthesised by a non-bone marrow-derived cell. We should
stress that immunoprecipitation with a rabbit anti-p serum
showed no evidence of contaminating IgM-positive cells in the
epidermal cell population (Fig. 1d). Thus, the donor Ia must be
derived frorh a population of bone marrow cells distinct from B
cells.

In the chimaera described above, we could only demonstrate a
loss of one haplotype of Ia antigens from tail cell preparations
derived from P-F, chimaeras. To demonstrate directly the



appearance of new Ia antigens not present in the host, F,»P
chimaeras were constructed. The [B6x AJF, animal has la
molecules of the H-2" (B6) and H-2" (A) haplotypes. In [B6 x
AJF, - B6 chimaeras, we could detect the presence of Ia mote-
cules of both the H-2* and H-2" haplotypes by immunoprecipi-
tation. I-A Subregion products from both H-2® and H-2*
haplotypes were easily detected (Fig. 2a, b). The A* molecules
can only be derived from the bone marrow cells. Both A* and E*
molecules are present in these chimaeras (E* not shown). Thus,
new epidermal Ia antigens are derived from the donor bone
marrow cells. These data from the P-F, and F, » P chimaeras
strongly suggest that the Ia molecules from chimaeric epidermal
cells originate from bone marrow-derived cells.

The original reports of Ia molecules on mouse epidermal cells
were based on adsorption analysis and antibody-mediated cyto-
toxicity using dye exclusion®. Other investigators independently
confirmed these results’®. Using an indirect immunofiuores-
cence assay, investigators working with guinea pigs, man and
mouse, have suggested that the Ia is confined to a small sub-
population of epidermal cells, the macrophage-like Langerhans
cells''*'*'* In guinea pigs, biosynthetically labelled 1a mole-
cules can only be immunoprecipitated from a Langerhans cell-
enriched fraction, and not from a Langerhans cell-depleted
fraction of epidermal cells'®. Our experiments suggest that the
biosynthetically labelled Ia molecules are derived from a cell of
bone marrow origin. These observations suggest that a small
number of cells in the epidermis are derived from the bone
marrow and express Ia molecules. Although we have no direct
evidence for the bone marrow origin of Langerhans cells, the
fluorescence studies in guinea pigs, man and mouse'’, together
with the present results, suggest that the Langerhans cell
produces the epidermal Ia molecules and has a bone marrow
origin. This possibility is not surprising considering the macro-
phage-like functions ascribed to the Langerhans cells'’'®.
Macrophages are generally thought to be derived from bone
marrow precursors. However, our experiments detect only
newly synthesised Ia molecules. The sensitivity of detection is a
function of both the number of Ia molecules and their turnover
rate. We are aware that Ia molecules could be synthesised by
non-bone marrow-derived cells, and not detected in our
experiments, if the Ia molecules were in much lower concen-
tration per cell or turning over more slowly.

Table 1 Source of haematopoietic cells in chimaeric mice
Anti-K®  Anti-D®  Anti-K*  Anti-D?
Target H-2.33* H-2.2t+ H-2.23* H-2.4t

Donor-Recipient

IR+(B10x1R)F, <10(<10) NT 320(>90) NT
NT

(B6xA)F, = B6 NT 80 >320
Controls

1R <10(<10) 160 320 (>90) <10

B10 >640 (>80) 160 <10(<10) <10

A <10(<10) <10 320(>90) >320

(B6xA)F, NT 80 NT >320

(B10x1R)F, >640(>90) NT 320 (>90) NT

Chimaeras were produced as described by Von Boehmer®°. Mice
were irradiated with 925 rads from a linear accelerator and reconstituted
with 1-2x 10 anti-mouse brain (a6) plus complement-treated bone
marrow cells. Mice were tested for chimaerism after 3 months. NT, not
tested.

*Tested by dye exclusion microcytotoxicity on peripheral blood
leukocytes. Numbers represent reciprocal of the antiserum dilution
giving 50% killing of targets and in parentheses, the maximum attain-
able killing. Sera for cytotoxicity: anti-H-2.33 (A x B10.D2)F, anti-
B10.A(5R); anti-H-2.23, (B10 X A.TL)F, anti-A.AL.

tTested by polyvinylpyrrolidone (PVP) haemagglutination of red
blood cells. Number represents the reciprocal of the greatest antiserum
dilution which permits detectable agglutination reaction. Sera for
haemagglutination: anti-H-2.2, (A x B10.D2)F, anti-B10.A(2R); anti-
H-2.4, (B10.A(1R)x A.SW)F, anti-B10.A.
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Fig. 2 SDS-polyacrylamide gel electrophoresis of epidermal Ia
molecules isolated from F, - parent bone marrow chimaeras. The
F,—parent chimaera extracts were Erecipimted with (A X
B10.D2)F, aB10.A(SR) [aK"I-A®I-B"] (a) and CWBaC3H
hybridoma 10-2.15 [a-A*] (b). This reagent has been charac-
terised to react with A* (ref. 21). We tested the hybridoma reagent
using a two-stage dye exclusion cytotoxicity assay. No killing of
B10 spleen cell targets was seen with this reagent (cytotoxic titre
<1/10). A/Sn spleen cell targets were efficiently lysed (titre of
>1/640 with 50% maximum cytotoxicity). In tail skin preparations
from chimaeras, the ratio of transplantation antigens (K°) to Ia
molecules is altered compared with normal tail skin preparations'®
(a). In chimaeras, there are fewer Ia molecules relative to trans-
plantation antigens. The reason for this altered ratio is not clear. It
seems likely that it represents the partial repopulation of epidermal
Ia-bearing cells from bone marrow precursors. The monoclonal
antibody used in b always gives smaller nonspecific peaks than
immunoprecipitations using alloantisera. See Fig. 1 legend for
explanation of markers.

Differential sensitivity of immunofluorescence and cytotoxi-
city assays, or bystander effects in the cytotoxic assays or
contaminating Sk antibody might explain the conflicting cyto-
toxicity®® and immunofiuorescence'''*'*'* data. At present,
we feel the simplest interpretation of our data is that the Ia
molecules present in the epidermis are synthesised by bone
marrow-derived cells, probably the Langerhans cells.

Phagocytic macrophage cells are involved in the presentation
of antigen to T cells. The subsequent activation and proliferation
of the T cells involves the Ia molecules on the antigen-presenting
macrophage'®. In guinea pigs, Langerhans cells can function
both as stimulators in a mixed lymphocyte reaction and as
antigen-presenting cells'®. Perhaps Langerhans cells in the epi-
dermis function like macrophages'®. A high concentration of
antigen-presenting cells in the skin is reasonable, as the skin is
the first line of defence against pathogens. It was suggested that
non-lymphoid Ia-positive epithelial tissues also might be
immunologically relevant’>. The precise immunological
implications of Ia molecules on cells in the epidermis are
unknown. However, the observations reported here are
intriguing because they clearly raise the possibility that la
molecules may be restricted to cells involved in the immune
response.
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Chapter IV

Peptide Map Comparisons of Epidermal and Spleen H-2 Molecules
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Abstract. Peptide map comparisons of molecules encoded in the mouse
H-2 complex isolated from epidermal cell preparations have been carried out.
We previously showed that the Ia molecules from both the I-A and I-E subregion
are synthesized by non-lymphoid bone marrow derived cells, probably Langerhans
cells. The K and D or transplantation molecules are synthesized by both "true"
epidermal cells and by non-lymphoid bone marrow derived cells. The tryptic maps
generated by separating tryptic peptides by high pressure liquid chromatography
(HPLC) of epidermal H-2 molecules are identical to their spleen cell counterparts.

The biological significance of this finding is discussed.
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Introduction

The major histocompatibility complex (MHC) of vertebrates has become
a focal point for many investigations of the immune system. The murine MHC
in the I region are involved in regulating the immune response to antigens, graft
versus host reactivity, T-B cell collaboration, and graft rejection (Shreffler et
al. 1976, Klein 1975). The Iregion also codes for serological detectable cell surface
antigens, the Ia antigens. The I region has been further subdivided into several
subregions (I_—_é, I-B, I-J, I-E, and ﬁ) by serological analysis and functional
studies (Shreffler et al. 1976, Murphy et al. 1976). The Ia antigens isolated from
detergent solubilized spleen cells and analyzed by sodium dodecyl sulfate (SDS)-
polyacrylamide electrophoresis are composed of at least two subunits, the o and
B polypeptides. The Ia antigens have a much more restricted tissue distribution
than the K or D antigens which are present on virtually every tissue. In mice,
the Ia antigens have been detected on B lymphocytes, macrophages, a subpopulation
of T lymphoeytes, fetal liver, spermatozoa (reviewed by Moller 1976), neutrophils
(Okuda et al. 1979), epidermal cells (Himmerling et al. 1975), dendritic cells
(Steinmuller 1980) and thymic epithelial cells (Rouse et al. 1979). They are not
found on a variety of other tissues (Hauptfeld et al. 1974, Colombani et al. 1976).
The presence of Ia molecules on epidermal cells was puzzling. With the possible
exception of spermatozoa, it is the only tissue not intimately involved in the immune
response which expressed la determinants. Very careful immunofluorescent and
immunoelectron-microscopic studies in mice demonstrate only the Langerhans
cells (v'3-5% of epidermal cells) react with anti-Ia sera (Rowden et al. 1978).
This is in close agreement with results previously reported in humans (Rowden
et al. 1977, Klareskog et al. 1977) and in guinea pigs (Stingl et al. 1978). It is

difficult to relate these observations to to eytotoxicity studies (Hammerling et
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al. 1975, Klein et al. 1976, Krco et al. 1979) which indicate a majority of epidermal
cells are Ia positive. Biochemical studies showed Ia molecules could be precipitated
from a radiolabeled detergent solubilized epidermal cell extract by indirect immuno-
precipitation using antisera directed against the entire I region (Delovitch and
MeDevitt 1975). In our previous experiments with epidermal cell preparations,

we showed by immunoprecipitation that the Ia molecules from both the I-A and

I-E subregions are synthesized by a non-B non-T bone marrow derived cell (Frelinger
et al. 1978, Frelinger et al. 1979). It is likely that this cell is the macrophage-

like Langerhans cell. We now demonstrate that the H-2 encoded molecules from

two different normal tissues are in fact identical by peptide map criteria.
Materials and Methods

Mice and Sera. B10.HTT mice were raised at the mouse colony at the

University of Southern California School of Medicine. Hyperimmune alloantisera
were prepared by multiple injections of spleen, lymph node, and thymus cells as
previously described (David et al. 1973). All alloantisera were characterized by
direct cytotoxicity on a panel of inbred strains.

Preparation and Labeling of Cells. Spleen cells were labeled as described

previously (McMillan et al. 1978). Briefly, single cell suspensions, made by teasing
a spleen through a wire screen, were biosynthetically labeled at 2 x 107 nucleated -
cells/ml for 5 hours in Hanks Balanced Salt supplemented with 5% dialyzed fetal
calf serum, 10 mM Hepes and 1 mCi 3H—’l‘yr‘ (specific activity 40 mCi/mmole).
Epidermal cells were isolated by trypsinization as deseribed previously (Scheid

et al. 1972). They were labeled at 1 x 107 cells/ml. Spleen cell suspensions were
lysed in a volume equal to the incubation mixture with 0.01 M Tris, 0.15 M NacCl,
and 0.5% Triton X-100 at pH 7.4. Epidermal cells were lysed identically to spleen

cells except at a concentration of 3 x 106 cells/ml.
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Immunoprecipitations. The glycoprotein fraction was isolated by Lens

culinaris affinity chromatography (Hayman and Crumpton 1972). This fraction
was concentrated back to its original volume in a B-15 minicon (Amicon), and

preprecipitated with Staphylococcus aureus Cowan I strain (Staph A) prepared

according to Cullen and Schwartz (1976) to remove any nonspecifically binding
material. The lectin-purified cell extracts were incubated with specific alloanti-
sera, and subsequently precipitated with Staph A. The Staph A was washed 3

times, changing tubes for the last wash, and the bound material eluted with 2%
SDS, 2% 2-mercaptoethanol, and 50 mM Tris, pH 6.8. The immunoprecipitated
polypeptides were separated by preparative SDS polyacrylamide gel electro-
phoresis. The proteins were eluted in 0.01% SDS, mixed with 1 mg porcine immuno-
globulin and lyophilized.

Peptide Maps. The proteins were reduced, alkylated, and digested with
trypsin (Brown et al. 1974 as modified by McMillan et al. 1978). The tryptic pep-
tides were analyzed on a DuPont 830 high pressure liquid chromatograph, and
eluted with a gradient of acetone at 49°C (McMillian et al. 1978). We used a
Zorbax CN column for the Ia molecules. A C18 column was used to separate tryptic
peptides of the Dd molecule because it retained these peptides better. One ml
fractions were dried and counted. The amount of radioactivity was determined
on a Beckman LS 9000 scintillation counter. Tryptic peptides prepared from
a-Lactalbumin reduced and then alkylated with 14C-Iodoacetmide were the generous
gift of Dr. Sandra Ewald, Montana State University at Bozeman. 014 labeled
o~Lactalbumin tryptic peptides were separated using a chromo beads ion exchange

column and eluted with a pyridine-acetate gradient (Brown et al. 1974).
Results

HPLC and Ion Exchange Separate Similar Number of Peptides. In this

study, we used high pressure liquid chromatography (HPLC) to separate tryptic
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peptides to look for differences between molecules. Since resolution of the peptides
was so critical, it was important to directly demonstrate that the separation of

the peptides by HPLC was comparable to another commonly used technique, ion
exchange chromatography. We have compared tryptic peptide separation for
several molecules using conventional ion exchange chromatography and HPLC.

As an example, we present the results for a-Lactalbumin in Fig. 1a and 1b. Ion
exchange chromatography separates peptides primarily by their charge differences,
whereas HPLC separates peptides primarily on the basis of their hydrophobicity.
The separation of tryptic peptides is excellent using HPLC. The number of pep-
tides separated by HPLC appears to equal the number separated by ion exchange

chromatography (Fig. 1a,b), however, HPLC is much faster and more reproducible.

The Dd Polypeptide and B Z-Microglobulin from Spleen and Epidermal

Cells are Identical by Peptide Maps. The Dd and B 2—microglobulin polypeptides

were isolated by indirect immunoprecipitation using [A.SWxBlO.A(lR)]F1 anti
B10.A serum from lentil lectin purified extracts of epidermal and spleen cells
(see Table 1). Thereafter, the polypeptides from spleen and epidermis were treated
identically. The tryptic peptides were separated by high pressure liquid chroma-
tography. Except for some minor variations in intensity, the pattern of these
peptides is identical, as shown in Fig. 2a and 2b.

The 82-microg10bu1in peptide maps are informative in several respects.
One would predict four tyrosine containing tryptic peptides, each with one tyrosine,
from mouse Bz-microglobulin on the basis of homology to the known Bz—micro-
globulin sequences (Kabat et al. 1979). If one assumes the smallest peak is the
result of a partial cleavage of the smallest major peak, the observed ratio of peaks
is 0.95:0.93:0.92:1 in good agreement with the predicted ratio of 1:1:1:1. Thus
HPLC appears to provide a quantitative recovery of each of the tryptic peptides.

Further, the very clean separation of the five peptides demonstrates the practicality
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Fig. 1. A comparison of tryptic peptide maps by ion exchange and high pressure
liquid chromatography. Samples of C14—labe1ed a-Lactalbumin tryptic peptides
were separated by (a) HPLC and (b) ion exchange chromatography. (....) denotes

the concentration of organic solvent; (----) denotes the pH gradient.
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Table 1. The Antisera Used to Precipitate H-2 Molecules from B10.HTT Mice

Antisera Relevant H-2 antigens

when tested on B10.HTT targets

E 3
A.TH anti A.TL I-EX, 1-cK
A.TL anti A.TH" &%, 8%, B8
[A.SWxB10.A(IR)JF; anti B10.A pd

%
Since Ia-like membrane antigens have not been demonstrated for the S region
from lymphocytes, this antiserum is probably reacting principally with I-Region

molecules.

+I—J is expressed on only a small subpopulation of lymphoeytes and probably
does not contribute to the observed reaction. Since no Ia specificities can
be attributed to the I-B subregion and little compelling evidence can be produced

for its existence, we have designated all reactions with I-A and I-B as I-A.
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Fig. 2. Tryptic map comparisons of Dd and Bz—microglobulin polypeptides isolated
from spleen and from epidermal cells. (a) Tryptic peptide maps from the Dd poly-
peptides. (——) denotes DY from spleen; (----) denotes DY from epidermal cells.
(b) Tryptic peptide maps of B,-microglobulin. (—) denotes Bz—microglobulin

from spleen; (----) denotes B,-microglobulin from epidermal cells. (....) denotes

the concentration of organic solvent.
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of separating tryptic peptides of small molecules and thus should be useful in
quick preparative separations (for example in the isolation of tryptic peptides
of eyanogen bromide fragments).

The Ia Polypeptides from Epidermal Cells and Spleen Cell Preparations Are

Identical by Peptide Maps. Molecules encoded in the ]-A subregion were immuno-

precipitated from B10.HTT spleen and epidermal cell preparations using A.TL
anti-A.TH serum (see Table 1). The tryptic peptides were again separated by

HPLC. The Aa polypeptides are compared in Fig. 3a and the A 8 polypeptides

are compared in Fig. 3b. These patterns are indistinguishable. Polypeptides encoded
in the I-E subregion were sequentially immunoprecipitated from B10.HTT mice

using A.TH anti-A.TL (see Table 1). The yield of these molecules was much lower
than for the I-A subregion molecules. Insufficient radioactivity was recovered

in the EB molecule for reliable peptide maps. The tryptic peptide maps of the

Ea molecule from epidermal and spleen cells were identical (Fig. 3e).

Discussion

H-2 Polypeptides from Spleen and Epidermal Cells Are Identical by Peptide

Maps. We have demonstrated that molecules isolated by indirect immunopre-
cipitation have identical tryptic peptide patterns on HPLC. We see no evidence
for tissue polymorphism. We biosynthetically labeled with 3H—tyrosine since many
Ia molecules label poorly with 3H—lysine and 3H—arginine. Because we digested
the molecules with trypsin which cleaves carboxy terminal to lysine and arginine
residues, it is likely that not every tryptic peptide in these molecules contains

a tyrosine and thus is labeled. However, peptide map analysis is a very sensitive
technique which tends to overemphasize differences between molecules. Hence,
these molecules must be extremely similar if not identical. The finding that anti-

Ia sera raised by skin grafting is equivalent to anti-Ia sera raised by injection
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Fig. 3. Tryptic map comparisons of I-A and I-E encoded polypeptides isolated

from spleen and epidermal cells. (a) Aa polypeptides isolated from spleen and

epidermal cells. (----) denotes spleen; (

) denotes epidermal molecules.

(b) A 8 polypeptides. (----) denotes spleen and ( ) denotes epidermal molecules.

(e) Ea molecules. (----) denotes spleen and ( ) denotes epidermal molecules.
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of lymphoid cells is consistent with this conclusion (David et al. 1973, Sachs and
Cone 1973).

No tissue polymorphism exists for the Dd or "transplantation" molecule.
This direct chemical evidence supports the long held serological evidence that
all cells in the mouse express identical K and D polypeptides.

Which Cells in the Epidermis Are the Source of the H-2 Molecules?

We showed previously that the Ia molecules from epidermal preparation are not

from T or B cells (Frelinger et al. 1978). Further, in long term chimeras utilizing
antisera specifie for either the donor or recipient Ia, we could only immunoprecipitate
Ia molecules of the donor haplotype and not the recipient haplotype. Thus we
concluded the Ia molecules are synthesized from a bone marrow derived cell,

probably the Langerhans cell (Frelinger et al. 1979). In the same chimera experiments
we precipitated a K or "transplantation" molecule of the recipient haplotype.

Thus it is likely that both "true" epidermal cells (melanoeytes, keratinocytes,

ete.) and the non-lymphoid bone marrow derived cells contribute to the synthesis

of these K or D "transplantation" molecules. The Ia molecules from spleen are

most probably derived from B cells (Jones et al. 1978). The K or D molecules

isolated from spleen cells are from a mixture of cells including macrophages,

T, and B cells.

The Identical Peptide Maps of H-2 Encoded Molecules Have Interesting

Implications for Function. Many investigators have examined malignant tumors

or cell lines of varying cellular origins in an effort to compare the K or D poly-
peptides to their counterparts isolated from normal cells. Several laboratories
have reported differences in these transplantation molecules, in particular, the
appearance of new K or D molecules (reviewed by Parmiani et al. 1979). One
explanation for these differences is that the K and D polypeptides from distinect

normal tissues are different, i.e., fibroblast and lymphoid K and D polypeptides
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may be different. We have presented data which indicate there is no tissue
polymorphism of a transplantation molecule (Dd). This is particularly relevant,
since this is one of the molecules reported to be inappropriately expressed on
SJL (ﬂ-_zs) reticular sarcoma cells while the normal H-2° K or D molecules are
lost (Roman and Bonavida 1979).

Functional Implications of Identical Ia Polypeptides from B Cells and

Langerhans Cells. We report a detailed characterization of non-lymphoid Ia molecules

in the mouse. There appears to be no difference between the Ia molecules isolated
from spleen and epidermal cell preparations by our peptide map criteria. It is
likely that the bone marrow derived cell in the epidermis that synthesizes Ia is

the Langerhans cell (Frelinger et al. 1979). These cells are bone marrow derived
(Katz et al. 1979) and strongly Ia positive (Rowden et al. 1978, Krco et al. 1979).
In guinea pigs, Langerhans cells strongly stimulate in mixed lymphoeyte reactions
(MLR) and can present antigen in a T cell proliferation assay. Further, biosynthetically
labelled Ia could only be immunoprecipitated from a Langerhans cell-enriched
fraction and not from a Langerhans cell-depleted fraction of epidermal cells
(Stingl et al. 1978). Langerhans cells are probably a specialized tissue macrophage
(Shelley and Juhlin 1976, Silberberg-Sinakin et al. 1977). Thus, we have shown

that two distinct cell types, B cells and the macrophage-like Langerhans cells,
have identical Ia molecules by peptide map criteria. This may indicate a common
mechanism of action for the la molecules on these cells. For example, a single
T-cell receptor could interact with either macrophage and/or B-cell Ia. It will

be important to chemically characterize la molecules from other cells, such as

T cells, for which there is serologic evidence for distinct Ia molecules.
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Chapter V

Structure of Ia Antigens from the Rat: Mouse Alloantisera

Demonstrate At Least Two Distinet Molecular Species

The publication contained in this chapter originally appeared in the
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la antigens isolated from spleen cells of rats and mice are composed of two polypep-
tide chains. designated a and B. Mouse alloantisera specific for the I-A* and I-EX
subregions react with two distinct groups of rat la antigens, designated A-like and E-
like. respectively. Two-dimensional gel electrophoresis and peptide map analysis
demonstrate that the A-like antigens of rat are distinct from the E-like antigens. Both
rat Ia antigens react with alloantiserum produced in rats congenic for the major
histocompatibility complex (MHC). These results demonstrate for the first time that
two distinct la antigens are present in the rat. Accordingly, the rat. like the mouse.
may have Ia antigens encoded by at least two subregions of the rat MHC. The
existence of multiple Ia gene products in rats is revealed by chemical techniques even
in the absence of formal genetic evidence of more than one I subregion in the rat.
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1 Introduction

The major histocompatibility complex (MHC) of mammals is
a genetic region which controls a variety of immunologically
significant phenomena [1]. Detailed genetic, serological, and
molecular analyses of the MHC of the mouse are available
because of the availability of inbred, recombinant and con-
genic strains of mice. We are interested in employing chemical
approaches to the characterization of MHC antigens from the
rat in order to compare the genetic organization and homology

Correspondence: Leroy Hood. Division of Biology. California Insti-
tute of Technology. Pasadena, CA 91125, USA

Abbreviations: MHC: Major histocompatibility complex SaCl:
Staphylococcus aureus Cowan 1 SDS-PAGE: Sodium dodecyl sulfate
polyacrylamide gel electrophoresis HPLC: High-pressure liquid chro-
matography
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relationships of the corresponding genes in rats and mice, two
closely related rodent species.

In the rat, MHC is known as AgB [2], or H-1 [3]. Historically,
knowledge of the genetic organization of the H-1 complex has
been obtained by experiments testing hemagglutinating anti-
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body production. skin graft rejection. graft vs. host reactions,
mixed lymphocyte interactions occurring between experimen-
tally manipulated inbred rats and chemical analysis of the
MHC antigens. As recently as 1973 [4]. there was no evidence
for genetic subdivision of the H-1 complex. The assignment of
genes controlling the level of the immune response to
branched synthetic polypeptides (Ir genes) was made to H-1 in
1972 [5]). In 1977, evidence of recombination between the
genes controlling mixed lymphocyte interactions (MLI) and
the genes coding for the classical. serologically detected (SD)
erythrocyte transplantation antigens was presented [6]. Since
then, there have been several studies which have also indi-
cated that Ir (and MLI) genes are separable from the genes
encoding the SD antigens in the H-1 complex [7-9]. The
recombination frequency between the Ir genes and the SD
antigen genes is very low (=< 0.25%, J. Howard. personal com-
munication). The production of congenic-resistant inbred
strains of rats has greatly facilitated the study of the H-1 com-
plex because specific alloantisera to this genetic region can be
produced. Moreover, polypeptides with molecular weights
similar to the transplantation antigens (= 45000 mol. wt.) and
Ia polypeptides (a. 35000 mol. wt.; B, 28000 mol. wt.) of mice
can be isolated from rat lymphocytes by indirect immuno-
precipitation with these alloantisera [10, 11]. The partial N-
terminal microsequence analysis of these putative transplanta-
tion antigens of rat reveals striking sequence homology to their
mouse counterparts, and the presence of two discrete molecu-
lar species implies that the H-1 complex of rat like the H-2
complex of mouse has at least two genes encoding the trans-
plantation antigens [11]. In the preceding report [12], we also
demonstrate that the B polypeptides of the rat Ia antigens are
heterogeneous in their amino acid sequences and potentially
homologous to B chains encoded by both the I-A and I-E
subregions of the mouse H-2 complex. Accordingly. the rat
may have at least two discrete Ia antigens. Our early work and
that of Sachs and his co-workers [10, 13] had demonstrated
that mouse alloantisera could be used to precipitate antigens
encoded by the rat H-1 complex. In this study. we employ
mouse alloantisera specific for the I-A and I-E subregions to
demonstrate by sequential immunoprecipitation. peptide map
analysis, and two-dimensional gel electreophoresis that there
are two distinct populations of rat Ia antigens.

2 Materials and methods
2.1 Rats

BN. BN.B2. BN.B 4 rats are inbred strains, congenic except
for the H-1 region. maintained at the Wistar Institute,
Philadelphia, PA. The strains have been inbred for homozy-
gosity at the H-1 complex following backcrossing and selection
for the given H-1 haplotype for 11 generations. Lewis rats.

Table 1. Inbred strain combinations of rats used to prepare rat alloan-
tiserum to H-1 anugens

ST TR S TR SR A WAL

Serum Recipient strain Donor H-1 region”

Lonmut . wmmoCdeteced £

R150 (DA x BN.B2F, BN Ay

R169  (LEW.BN x BN.B2)F, ' Lewn H1! ,;

R143 (Lewis X BN.B2JF, DA B
R140 BaxBNF, ©°  BNB2 R
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Table 2. Inbred strain combinations of mice used to prepare mouse
alloantisera to Ia antigens
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Serum
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strain regions %%

| st d

i< (BIO.T(6R) x BI0.D2)F, B10.AQR  ABJE* &
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a) Ia antigens have not yet been isolated from the I-B, I-J, and I-C
regions.

inbred for many. generations, were obtained from Mic-
robiological Associates, Bethesda MD.

2.2 Antisera

Antisera used in this study are listed in Tables 1 and 2. Mouse
antisera 031 and 064 were a gift of Dr. H. O. McDevitt of
Stanford University. and antiserum 12 was a gift of Dr. J. A.
Frelinger of the University of Southern California. D3b and
D33 were obtained from the National Institutes of Health.
Bethesda, MD. All rat antisera were prepared at the Wistar
Institute, Philadelphia.

2.3 Spleen cell preparations

Spleens were dissected from individual rats and minced
through wire mesh to prepare single-cell suspensions. The cells
were collected and washed in Hanks' buffered salt solution
(HBSS) containing 2% fetal calf serum and 20 mvm HEPES
buffer. The lymphoid cells were then isolated on Ficoll-Iso-
paque gradients [14]. washed. and counted. Approximately
2 x 10" live cells were incubated at 37°C for 5 h in 1 ml of
HEPES-HBSS-2% fetal calf serum containing 1 mCi
( = 37 MBq) of [*H]tyrosine (New England Nuclear. Boston
MA). Cells were washed in ice-cold medium three times after
this short-term culture and solubilized in ice-cold 0.01 M Tris/
0.15M NaCl/0.25% Nonidet-P 40 (NP 40) buffer for 20 min.
The insoluble material remaining after this treatment was
removed by centrifugation, and the supernatant frozen until
use. These preparations were standardized to 5 X 10 intact
cells/ml.

2.4 Analysis of immune precipitates

Radiolabeled antigens were precleared with fixed Staphy-
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