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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..!. region 

in mice, and its equivalent in rats. The first part of the thesis consists of experi­

ments dealing with the expression of molecules encoded by genes in the..!. 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 chromatography 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 (la-like) molecules 

encoded by the rat equivalent of the..!. 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 loci 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), 

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

~ (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 humeral 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 

function 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 elicits 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 congenic lines which differ only at genes of the H-2 complex, 

and genes closely linked to the H-2 complex, cannot be overemphasized. These 
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strains of mice, which 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.! 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 

( s 2-microglobulin). The larger subunit is encoded in the H-2 complex. A moderate 

and ever-increasing amount of primary sequence is known (J'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 Kand 

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

Class II molecules are encoded in the.! region. The only gene products 

of the.! 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 nonpolymorphic 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 E molecule is highly conserved and is - a 

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.! region, elicit graft rejection (17), T 

cell prolif era ti on in mixed lymphocyte 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 RTl complex, is similar 

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



4 

initiated about the same time as inbred strains of mice, much less is known about 

the RTl complex than the H-2 complex. It was not until the last few years that 

recombinants in the RTl complex have been described and they still are not freely 

available. This has greatly hindered progress in the understanding of the RTl 

complex. The complex has been divided into two regions, A and~- Serologically, 

the A region codes for at least one class I molecule and the ~ for at least one 

class II molecule (19, 20). The class I molecules immunoprecipitated by alloantisera 

are glycoproteins of approximately 45,000 molecular weight and are associated 

with 82-microglobulin (21, 22). Partial N-terminal sequence analysis indicates 

that there are at least two class I molecules (21). The RTl.A alloantigens are 

the principal target for cytotoxic T cells. The alloantigens have a wide tissue 

distribution being expressed on lymphocytes, 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 class II molecules are composed of at least two polypeptides; an 

a of molecular weight 32,000 and a 8 of molecular weight 28,000 (22, 25). The 

a and 8 polypeptides are polymorphic. 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 RTl.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 RTl.B region (20). The most provocative 

feature of the rat MHC is its relative lack of polymorphism. When one traps 

wild rats, and screens 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 
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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 RTl) 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 function. 

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 function? 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.! 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, 
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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 II 

Epidermal Ia Moleuoles from the I-A and I-EC 

Subregions of the H-2 Complex 

The publication contained in this chapter originally appeared in Immunogenetics 
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lmmunogenetics 6 : 125-135, 1978 

Epidermal Ia Molecules from the I-A and I-EC Subregions ·or the 
Mouse H-2 Complex 

John G. Frelinger, 1 Peter J. Wettstein,2 Jeffrey A. Frelinger,2 and Leroy Hood 1 

1 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 /-A 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 Ia 
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 / region are involved in regulating the 
immune response to antigens, graft-versus-host reactivity, T-B cell collaboration, and 
graft rejection (discussed in Shreffler et al. 1976, Klein 1975). Furthermore, /-region 
genes code for a set of serologically detected cell-surf ace alloantigens, designated Ia 
antigens. In the mouse, the I region has been subdivided into several subregions (i.e., 
I-A, 1-B, /-J, 1-E, and / -C) by genetic mappil)g of immune response genes and by 
serological analysis of cell-surface antigens in recombinant strains of congenic mice 
(Schreffler 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 p 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, 
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and a variety of other tissues (Hammerling et al. 1975, Colombani et al. 1976, 
Hauptfeld et al. 1974). 

The function of la antigens has been the subject of much speculation. They have 
been suggested as Fe receptors (Dickier 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 la molecules is whether the Ia molecules on different 
tissues are identical. 

Earlier studies using antisera produced against antigens determined by genes in 
the entire I 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-A 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. 

Materials and Methods 

Mice. B IO.A(4R), B 10.HTT, and B 10.D2 mice were raised at the mouse colony at the University of 
Southern California School of Medicine. B 10.A(5R) mice were the generous gift of Dr. J. Stimpfling of 
McLaughlin Research Institute, Great Falls, Montana. C57B l/ 6J 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 et al. 1973). All alloantisera have been characterized by 
direct cytotoxicity and adsorption analysis, using appropriate lymphocyte targets (Frelinger et 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 1-E or 1-C subregion products alone, so we 
denote this ambiguity as / -EC. Rabbit anti-µ chain serum was prepared from µ chains isolated from 
BALB/c myeloma tumor MOPC 104E, which was the generous gift of M. Kehry, California Insitute of 
Technology. 

Adsorption of Anti-la Sera by Epidermal Cells. Epidermal cell suspensions were prepared as described 
below. Seventy-five µI undiluted antiserum were added to a cell pellet containing 5 x 106 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-I 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 des<;ribed previously (McMillan et 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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Ia Molecules from Murine Epidermal Cells 

Table I. The Antisera and Mouse Strains Used as Targets to Precipitate la 
Molecules 

Antisera 

A.TH anti-A.TL 

A.TL anti-A.TH 
(A.TH x B 10.HTT)F I anti-A.TL 
(B 10 x HTl)F I anti-B IO.A(5R) 
(A x B 10.D2)F I anti-B 10.A(5R) 

Targets 

B10.HTT" 
B10.D2b 
A.AL 
B10.HTT" 
BIO.A(4R) 
B10.D2 
C57B1/6J 

Relevant H-2 Regions 

1-Ek, J-Ck 
1-Jd, I-Ed, /-Cd 
Jk 
I-A', 1-B', 1-J• 
1-Ak 
J-Ed,J-Cd 
Kb, I-Ab, 1-B~ 

• Since Ia-like membrane antigens have not been demonstrated for the S or G 
regions in lymphocytes, this antiserum is probably reacting principally with 
/ -region molecules 
b This antiserum potentially has reactivity with la 15 on 810.D2 cells. However, 
absorption with BIO.HIT cells (la. 7) leaves no residual activity on B 10.D2 cells. 
Thus, this sera reacts primarily with la. 7 and the molecule(s) precipitated is 
probaoly an /-C subregion product. Although crossreactions of J-Jk and J-Jd 
have been reported (Frelinger et al. 1976), 1-J is expressed on only a small 
subpopulation of lymphocytes and probably does not contribute to the observed 
reactions 
c Since no Ia specificities can be attributed to the 1-B subregion and little 
compelling evidence can be produced for its existence, we have designated all 
reactions with I-A and 1-B, I-A 

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 I mCi each of 3H-tyrosine 
and 3H-leucine. T cells were isolated as described previously (Julius et 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 I 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 106 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 48 (Cuatrecasas et al. 1968) 
at 1.5 mg lectin/ml of settled Sepharose 48. 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
D-mannoside. This fraction was concentrated to the original volume in a B 15 Minicon filter (Amicon). 
This concentrated material was used in subsequent precipitations. 

lmmunoprecipitations. The lectin-purified extract was incubated with antisera, typically 400 µI NP-40 
extract and 20 µ1 of a specific alloantisera, for 2 hours, and subsequently precipitated with Staph A for 1 
hour, usually 200 µ1 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 (SOS-PAGE; Laemmli 1970). The gels were 
sliced into I-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-polyacrylarnide gel analysis of labeled immuno­
precipitates, employing a variety of antisera with restricted specificities (Table 1). Ia 
molecules encoded by genes in the /-A 5 (Fig. la), /-Ak (Fig. lb), and /-Ab (Fig. le) 
subregions were isolated and characterized on SDS-polyacrylarnide gels. Ia 
molecules from the 1-ECk (Fig. Id) and /-£Cd (Fig. le) subregions were characterized 
in a similar manner. The sera and strains utilized as targets are given in the legend to 
Figure 1. The H-215 and H-2d haplotypes share the Ia. 7 specificity, and this is the 
cause of the reaction of (B 10 x HTI)F 1 anti-B 1 O.A(SR) with the B 10.D2 extract 
(David et al. 1975; Fig. le). The peaks from the BIO.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-A 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-A ' molecules detected by A.TL anti-A.TH on a 
BIO.HIT extract representing 1.3 x 106 cells. b) /-A• molecules detected by (A.TH x BIO.HIT)f 1 

anti-A.TL on a B10.A(4R) extract representing 3 x 106 cells. c) Kb /-Ab molecules detected by (A x 
B 10.D2)F I anti -B IO.A(5R) on a B 10.A(SR) extract representing 1.3 x 106 cells. d) /-£• I -c• molecules 
detected by A.TH anti-A.TL on a B JO.HIT extract representing 1.3 x 106 cells. c) I-Ed I-Cd molecules 
detected by (B JO x HTI)F I anti-B 10.A(SR) on a B 10.D2 extract representing 7.5 x 106 cells. f) 
Control employing normal mouse serum on a B10.A(SR) extract representing 1.3 x 106 cells. (q ) 
Arrows indicate MOPC 104E heavy-chain (µ) 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 B 10.D2 extract, which was preprecipitated with rabbit anti-µ chain antiserum and 
Staph A 



14 

Ia Molecules from Murine Epidermal Cells 

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-A 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-Ik) serum was adsorbed with BIO.Sand A.TL epidermal cells. 
Adsorption of this serum with A.TL epidermal cells reduced the cytotoxic titer 
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Fig. 2a and b. SDS-polyacrylamide gel electrophoresis patterns of Ia molecules from spleen. Lcctin­
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A.TH , detecting I-A ' molecules, and b) A.TH anti-A.TL, detecting/-£ * / -C* molecules. See the legend 
to Figure I for a description of the various markers 
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on lymph node lymphocytes from greater than 1/640 to less than 1/20. Adsorption 
with B 10.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 1 C is expected, because the 
antiserum used reacts with the Kb 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 la Molecules Are Not Contributed by B Cells (lg-Positive Cells) 

B 10.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. C57Bl/6J (B6) spleen lymphocytes were added 
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Fig. 3H. Mixture experiments with B cells and epidermal cells. a) SDS-polyacrylamide gel 
electrophoresis patterns of a lectin-purified B 10.D2 epidermal cell extract representing 1.5 x 107 cells 
precipitated with rabbit anti-µ serum. b) Lectin-purified extract representing l.5 x 107 B 10.D2 epidermal 
cells and 1.5 x 106 B6 spleen cells, precipitated with rabbit anti-µ serum. c) One-half of the supernatant 
after the precipitation in (a) representing 7.5 x 106 B 10.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 106 B 10.D2 
epidermal cells and 7 .5 x I05 B6 spleen cells precipitated with (A x B 10.D2)F 1 anti-B 10.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-µ heavy chain. The analyses of these precipitations are shown in Figures 3a and 
3b. One-half of the supernatant aliquot of B 10.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 
B 10.D2)F 1 anti-B 10.A(SR) (Fig. 3d). This serum recognizes only the Ia antigen from 
the spleen cells, since the antisera was made in an (A x B 1 0.D2)F 1 mouse, and thus, 
is genetically blocked for reactivity with the B 10.D2 Ia components present on the 
epidermal cells. The analysis of precipitates by SDS-polyacrylamide gel electro­
phoresis is shown in Figures 3c 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 B 10.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 3c. are from lg-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 (lg-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 lg (J.A. Frelinger, unpublished data). 

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

T cells were enriched by a passage of spleen cells through a nylon wool column 
(Julius et al. 19 7 3 ). The labeled extract of the partially purified T cells was precipi­
tated with both rabbit anti-µ 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 
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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 la Molecules Coded by Genes in the /-A and I-EC Subregions are Very 
Similar to Their Lymphoid Counterparts 

Two la polypeptides can be isolated from the I-A 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 la 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 3H-tyrosine and 3H-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 /-A 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 /­
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 irnmunofluorescence studies suggest that more than 
90 percent of cells in the epidermal cell suspensions are Ia-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 la-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 la on Epidermal and B Cells Has Interesting Implications 
for the Function of la Molecules 

There is no evidence which suggests any function for la 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 Fe-positive (Sting! 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 interestin~ 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-A 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-A 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 la 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. 



19 

J.G. Frelinger et al. 

Acknowledgments. We thank Glen Matsushima for technical assistance in antiserum production. J.G.F. 
is supported by USPHS training grant GM-00086-20. PJ.W. is a Leukemia Society of America Fellow. 
This research is supported by NIH grant AI 10781, NSF grant PCM77-02722, and American Cancer 
Society grant IM -90. 

References 

Benacerraf, B. and McDevitt, H.O.: Histocompatibility-linked immune response genes. Science 
/ 74:273-279, 1972. 

Colombani, J. , Colombani, M., Shreffler, D.C., and David, C.: Separation of anti-Ia (I-region 
associated antigens) from anti-H-2 antibodies in complex sera by absorption on blood platelets. 
Description of three new Ia specific ities. Tissue Antigens 7:74-85, 1976 

Cuatrecasas, P., Wilchek, H., and Anfinsen, C.B.: Selective enzyme purification by affinity 
chromatography. Proc. Natl. A cad. Sci. U.S.A . 61 :636-643, 1968 

Cullen, S.E. and Schwartz, B.D. : An improved method for isolation of H-2 and Ia alloantigens with 
immunoprecipitation induced by protein A-bearing Staphylococci. J. lmmunol. 117:136-142, 1976 

David, C.S., Shreffler, D.C., and Frelinger, J.A.: New lymphocyte antigen system (LNA) controlled by 
the Ir region of the mouse H-2 complex. Proc. Natl. A cad. Sci. U.S.A . 70:2509-2514, 1973 

David, C.S., Cullen, S.E., and Murphy, D.B. : Serologic and biochemical studies of the Ia system of the 
mouse H-2 gene complex. Further evidence for an /-C subregion. J. lmmunol. 114 : 1205-1209, 
1975 

Delovitch, T. and McDevitt, H.O.: Isolation and characterization ofmurine Ia antigens. Imunogenetics 
2 :39-52, 1975 

Dickier, H.B. and Sachs, D.H.: Evidence for identity or close association of the Fe receptor of B 
lymphocytes and alloantigens determined by the Ir region of the H-2 complex. J. Exp. Med. 
140:779-796, 1974 

Frelinger, J.A., Niederhuber, J.E., David, C.S., and Shreffler, D.C. : Evidence for the expression of la 
(H-21 associated) ant igens on thymus-derived lymphocytes. J. Exp. Med. 140:1273-1284, 1974 

Frelinger, J.A., Niederhuber, J.E., and Shreffler, D.C.: Effects of anti-Ia sera on mitogenic responses. 
III. Mapping the genes controlling the expression of Ia determinants on Con A reactive cells to the 
1-J subregion.J. Exp. Med. /44 :1141-1146, 1976 

Hiimmerling, G.J. , Mauve, G., Goldberg, E., and McDevitt, H.O. : Tissue distribution of Ia antigens: la 
on spermatozoa, macrophages, and epidermal cells. lmmunogenetics 1:428-437, 197 5 

Hauptfeld, V., Hauptfeld, M ., and Klein, J.: Tissue distribution of/ region associated antigens in the 
mouse. J . lmmunol. 1 /3 :181-188, 1974 

Hayman, M.J. and Crumpton, M.J. : Isolation of glycoproteins from pig lymphocyte plasma membrane 
using Lens culinaris phytohemagglutinin. Biochem. Biophys. Res. Commun. 47:923-930, 1972 

Julius, M.H., Simpson, E., and Herzenberg, L.A.: A rapid method for the isolation of functional 
thymus-derived murine lymphocytes. Eur. J. lmmunol. 3:645-649, 1973 

Katz, D.H., Graves, M., Dorf, M.E., Dimuzio, H., and Benacerraf, B.: Cell interactions between histo­
incompatible T and B lymphocytes. VII. Cooperative responses between lymphocytes are 
controlled by genes in the/ region of the H-2 complex. J. Exp. Med. 141 :263-268, 1975 

Kessler, S.: Protein A-antibody adsorbent for isolation of cellular antigens. J. lmmunol. 115:1617-
1624, 1975 

Klaresky, L., Tjerlund, U.M., Forsum, U., and Peterson, P.A.: Epidermal Langerhans cells express Ia 
antigens. Nature 268 :248-250, 1977 

Klein, J.: Biology of the Mouse Histocompatibility-2 Complex. Springer-Verlag, New York, 1975 
Klein, J., Geib, R., Chiang, C., and Hauptfeld, V.: Histocompatibility antigens controlled by the / 

region of the murine H-2 complex. I. Mapping of the H-2A and H-2C loci. J. Exp. Med. 143: 1439-
1452, 1976 

Laemrnli, U.K.: Cleavage of structural proteins during the assembly of the head of bacteriophage T4. 
Nature 227:680-685, 1970 

McMillan, M., Cecka, J.M., Murphy, D.B., McDevitt, H.O. , and Hood, L., Structure of murine Ia 
antigens : partial N-terminal amino acid sequence of products of the I-E/1-C subregion. Proc. Natl. 
A cad. Sci. U.S.A ., in press, 1978 

Miller, J.F.A.P., Vadas, M.A., Whitelaw, A., and Gamble, J. : Role of major histocompatibility complex 
gene products in delayed type hypersensitivity. Proc. Natl. A cad. Sci. U.S.A. 73:2486-2490, 1976 

Munro. A.J. and Taussig, M.J.: Two genes in the major histocompatibility complex control immune 
response. Nature 256:103-106, 1975 



20 

Ia Molecules from Murine Epidermal Cells 

Murphy, D.B., Herzenberg, L.A., Okumura, K., Herzenberg, L.A., and McDevitt, H.O.: A new J sub­
region (J-J) marked by a locus (Ia-4) controlling surface determinants on suppressor T lympho­
cytes. J. Exp. Med. 144 :699-712, 1976 

Rowden, G., Lewis, M.G., and Sullivan, A.K. : Ia antigen expression on human epidermal Langerhans 
cells. Nature 268:247-248, 1977 

Scheid, M., Boyse, E.A., Carswell, E.A., and Old, LJ.: Serologically demonstratable alloantigens of 
mouse epidermal cells. J. Exp. Med.135:938-955, 1972 

Schwartz, B.D., Kask, A.M., Sharrow, S.0., David, C.S., and Schwartz, R.H.: Partial chemical 
characterization of Ia antigens derived from murine thymocytes. Proc. Natl. Acad. Sci. U.S.A. 
74:1195-1199, 1977 

Shelly, W.B. and Juhlin, L. : Langerhans cells form a reticuloepithelial trap for external contact antigens. 
Nature 261 :46-47, 1976 

Shreffier, D.C., David, C.S., Cullen, S.E., Frelinger, J.A., and Niederhuber, J.E.: Serological and 
functional evidence for further subdivision of the J regions of the H-2 gene complex. XLI Cold 
Spring Harbor Symposium on Quantitative Biology 41 :477-487, 1976 

Silberberg-Sinakin, I., Thorbecke, G.J., Baer, R.L., Rosenthal, S.A., and Berezowsky,_ V. : Antigen­
bearing Langerhans cells in skin, dermal lymphatics and in lymph nodes. Ce/1. Jmmunol. 25:137-
151, 1976 

Silver, J., Cecka, J.M., McMillan, M., and Hood, L.: Chemical characterization of products of the H-2 
complex. XLI Cold Spring Harbor Symposium on Quantitative Biology 41 :369-377, 1976 

Sting!, G., Wolff-Schreiner, E.C., Pichler, W.J., Gescnait, F., Knapp, W., and Wolff, K.; Epidermal 
Langerhans cells bear Fe and C3 receptors. Nature 268:245-246, 1977 

Tada, T., Taniguchi, M., and David, C.S.: Properties of the antigen-specific suppressive T-cell factor in 
the regulation of antibody response of the mouse. IV. Special subregion assignment of the gene(s) 
that code for the suppressive T-cell factor in the H-2 histocompatibility complex. J. Exp. Med. 
144 :713-725, 1976 

Received November 9, 1977; revised version received January 3, 1978 



21 

Chapter m 

Mouse Epidermal Ia Molecules Have a Bone Marrow Origin 
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Mouse epidermal la 
molecules have a bone marrow origin 
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The major histocompatibility or H-2 romplex of the mouse is 
divided into five regions (K, I, S, G and D)'. Genes in the I 
region regulate immune responses2 • The I region bas several 
subregions which are designated 1-A, 1-B, 1-J, 1-E and 1-C. The 
1-A and 1-E subregions also rode for a set of serologically 
detected cell-surface alloantigens, designated la antigens'. 
The relationship between the genes regulating the immune 
response and those enroding the serologically detectable 
alloantigens is still unknown. A number of species including 
man, rats and guinea pigs rontain genetic regions apparently 
equivalent to the murine I region. la molecules are integral 
cell-surface glycoproteins that ronsist of two subunits of 
approximate molecular weights 35,000 (a) and 28,000 (/l ). 
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 ... 13• 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 la positive. These cells were identified by 
morphological criteria as the macrophage-like Langerhans cells. 
However, cytotoxicity studies in mice using anti-la sera indicate 
that a majority of epidermal cells (up to 90%) are la positive ....... 
The reason for this discrepancy is not known. Here we demon• 
strate that the epidermal Ia molecules are synthesised by bone 
marro,.·-derh·ed cells, presumabl)' 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 la 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 la 
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 la molecules are 
synthesised by a majority of epidermal cells, the la molecules 
should be of recipient origin . 

Our experimental design requires almost complete replace­
ment of recipient bone marrow-derived cells witli donor cells. 
Direct tests confirmed that this had occurred (Table I) . Two 
types of chimaeric animal were constructed: parental (PJ cells 
were transplanted to F, offspring (P ➔ F 1 ) and vice versa (F, ➔ P). 
For the P ➔ F I chimaeras, the analysis of bone marrow-derived 
cells used cytotoxicity and haemagglutination assays . In the case 
of the F 1 ➔ 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 I). 

We isolated epidermal la molecules by indirect immuno­
precipitation using mouse alloantisera as previously described 1°. 

The specificity of the antisera is critical in determining whether 
the la 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 la 
molecules isolated from parent ... F 1 bone marrow chimaeras. 
Epidermal la was isolated as previously described 1° . Briefly, single 
cell suspensions of trypsinised epidermal cells were biosynthetic­
ally labelled with 3H-amino acids and lysed in 0.5% NP40. The 
glycoprotein fraction was isolated by uns 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-+ F1 chimaera 
extracts were precipitated with (Ax BIO.D2)F1 o B10.A(SR) 
[o K•l-A •1-a•J (a) (B 10 x HTl)F1 o B10.A(SR) [o 1-E• 1--C'J (b ) 
(A.THxBJ0.HTT)F1 o A.TL[ol-A'I-B'I-J') (c) rabbit anti­
MOPC 104E [Ro/L) (d ). !Arrows indicate MOPC 104E heavy 
chain (µ) and light chain markers: I 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 I animal 
[B10.A(lR)xB!0] is heterozygous for the H-2 complex and 
expresses la molecules encoded by both the H-2• 1 and H-2• 
haplotypes (Fig. I). In F I chimaeras (P ➔ F 1 ), only la molecules 
from the donor animal can be isolated from epidermal cells. 
Both 1- A and 1-E subregion products can be detected (Fig. I b, 
c ). In these chimaeras, we cannot detect la molecules of the 
H-2• haplotype from the BIO parent (Fig. I a). In contrast, 
transplantation antigens of both haplotypes can readily be 
detected in these chimaeric animals. The results in Fig. I a 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-µ serum 
showed no evidence of contaminating lgM-positive cells in the 
epidermal cell population (Fig. Id). Thus, the donor la must be 
derived from 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 la 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 . Tne [B6 x A]F, animal has Ia 
molecules of the H-2• (B6) and H-2• (A) haplotypes . ln [B6 x 
A]F, ➔ B6 chimaeras, we could detect the presence of Ia mole­
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 ' ·8. Using an indirect immunofluores­
cence assa y, 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 11 •12· " ·". In guinea pigs , biosynthetically labelled la mole­
cules can only he immunoprecipitated from a Langerhans cell­
enriched fraction , and not from a Langerhans cell-depleted 
fraction of epidermal cells 16 . Our experiments suggest that the 
biosynthetically labelled la 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 la 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 
newl y synthesised Ia molecules. The sensitivity of detection is a 
function of both the number of la molecules and their turnover 
rate . We are aware that la 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. 

1:•ble 1 Source of hacmatopoictic cells in chimacric mice 

Anti-K• Anti-Db Anti-K' Anti-D• 
Target H- 2.33" H-2.2t H-2.23" H-2.4 t 

Donor ... Recipient 
IR➔ (BI0 x IR1F 1 < 10( < 10) NT 3201>90) NT 
(B6 x A)F 1 ➔ B6 NT 80 NT > 320 

Controls 
IR < 10(<10) 160 320 (> 90) < 10 
BIO >640 (>80) 160 <10(<10) < 10 
A < 10( < 10) <10 320 (> 90) >320 
(B6 xA)F1 NT 80 NT >320 
IBJ0x JR )F1 >640 (>90) NT 320 (>90) NT 

Chimaeras were produced as described by Von Boehmer20. Mice 
were irradiated with 925 rads from a linear accelerator and reconstituted 
with 1- 2 x 101 anti -mouse brain (a9 ) plus complement-treated bone 
marrow cells . Mice were tested for chimacrism 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)F1 anti ­
B10.A(5R); anti -H-2 .23, (Bl Ox A.TL)F1 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 B I0.D2)F I anti-B 10.A(2R); anti­
H-2.4, (BIO.A( IR) x A.SW)F I anti-BI 0.A. 

23 

50.oooi.-t a 
30,000 

10,000 

e 3.000 

F 1 - Parent chimaera 

bbbbb bb 
k k k kd d d 

b bbbbb bb 

900 

700 

500 

b 

Relative mobility 

fJ 

a 

0.8 1.0 

Fig. 2 SDS-polyacrylamide gel electrophoresis of epidermal la 
molecules isolated from F 1 ➔ parent bone marrow chimacras. The 
F1 ➔ parent chimaera extracts were erecipitated with (A X 
B10.02)F1 aBI0.A(5R) [aK•1-A•I-B] (a) and CWBaC3H 
hybridoma 10-2.15 [a-A'] (b). This reagent has been charac­
terise.d to react with A' (ref. 21 ). We tested the hybridoma reagent 
using a two-stage dye exclusion cytotoxicity assay. No killing of 
B 10 spleen cell targets was seen with this reagent (cytotoxic titre 
<l/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 (Kb) to la 
molecules is altered compared with normal tail skin preparations 10 

(a ). In chimaeras, there are fewer la molecules relative to trans­
plantation antigens. The reason for this altered ratio is not dear. It 
seems likely that it represents the partial repopulation of epidermal 
la -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
toxicity6..., and immunofluorescence11 •12·"· " data . At present, 
we feel the simplest interpretation of our data is that the la 
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 Tcells . The subsequent activation and proliferation 
of the T cells involves the Ia molecules on the antigen-presenting 
macrophage 19. In guinea pigs, Langerhans cells can function 
both as stimulators in a mixed lymphocyte reaction and as 
antigen-presenting cells 16 . Perhaps Langerhans cells in the epi ­
dermis function like macrophages 18• 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 
immunological! )' relevant". The precise immunological 
implications of la 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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antiserum production, Marilyn Kehry for donating the rabbit 
anti-MO PC 104E (Raµ), Dr Len Herzenberg for providing the 
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J .A.F. is the recipient of American Cancer Society Faculty 
Research Award FRA-179. This research is supported by NIH 
grants Al 10781 and CA 22662. 
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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 1-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 

or H-2 complex consists of several regions (K, !, ~' D, _!:, and perhaps TLa). Genes 

in the.!. 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 .!_region also codes for serological detectable cell surface 

antigens, the Ia antigens. The.!. region has been further subdivided into several 

subregions (I-A, I-B, I-J, I-E, and I-C) 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 a and 

8 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 lymphocytes, fetal liver, spermatozoa (reviewed by Moller 1976), neutrophils 

(Okuda et al. 1979), epidermal cells (Hiimmerling 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 Ia determinants. Very careful immunofluorescent and 

immunoelectron-microscopic studies in mice demonstrate only the Langerhans 

cells (J'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 cytotoxicity studies (Ifammerling 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 .!_region (Delovitch and 

McDevitt 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 10 7 nucleated 

cells/ml for 5 hours in Hanks Balanced Salt supplemented with 5% dialyzed fetal 

calf serum, 10 mM Hepes and 1 mCi 3H-Tyr (specific activity 40 mCi/mmole). 

Epidermal cells were isolated by trypsinization as described previously (Scheid 

et al. 1972). They were labeled at 1 x 10 7 cells/ml. Spleen cell suspensions were 

lysed in a volume equal to the incubation mixture with 0.01 M Tris, 0.15 M NaCl, 

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). ,T~is 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 re~uced and then alkylated with 14c-Iodoacetmide were the generous 

gift of Dr. Sandra Ewald, Montana State University at Bozeman. c 14 labeled 

a-Lactalbumin tryptic peptides were separated using a chromo beads ion exchange 

column and eluted with a pyridine-acetate gradient (Brown et al. 197 4). 

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. la and lb. 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. la,b), however, HPLC is much faster and more reproducible. 

The D d Polypeptide and 8 2-Microglobulin from Spleen and Epidermal 

Cells are Identical by Peptide Maps. The Dd and 8 2-microglobulin polypeptides 

were isolated by indirect immunoprecipitation using [A.SWxBl0.A(lR)]F 1 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-microglobulin peptide maps are informative in several respects. 

One would predict four tyrosine containing tryptic peptides, each with one tyrosine, 

from mouse 82-microglobulin on the basis of homology to the known 82-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 c 14-labeled 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 BlO.HTT Mice 

Antisera 

* A. TH anti A. TL 

A. TL anti A. TH+ 

[A.SWxBlO.A(lR)]F l anti BlO.A 

* 

Relevant H-2 antigens 

when tested on BlO. HTT targets 

I-Ek, I-Ck 

I-As, 1-Bs, I-.f 

Dd 

Since Ia-like membrane antigens have not been demonstrated for the~ region 

from lymphocytes, this antiserum is probably reacting principally with .!_-Region 

molecules. 

+I-J is expressed on only a small subpopulation of lymphocytes and probably 

does not contribute to the observed reaction. Since no Ia specificities can 

be attributed to the 1-B subregion and little compelling evidence can be produced 

for its existence, we have designated all reactions with I-A and I-Bas I-A. 
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Fig. 2. Tryptic map comparisons of Dd and s2-microglobulin polypeptides isolated 

from spleen and from epidermal cells. (a) Tryptic peptide maps from the Dd poly­

peptides. (--) denotes Dd from spleen; (----) denotes Dd from epidermal cells. 

(b) Tryptic peptide maps of s2-microglobulin. (--) denotes s2-microglobulin 

from spleen;(----) denotes s2-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 cyanogen bromide fragments). 

The Ia Polypeptides from Epidermal Cells and Spleen Cell Preparations Are 

Identical by Peptide Maps. Molecules encoded in the I-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 AS polypeptides 

are compared in Fig. 3b. These patterns are indistinguishable. Polypeptides encoded 

in the 1-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 ES molecule for reliable peptide maps. The tryptic peptide maps of the 

E molecule from epidermal and spleen cells were identical (Fig. 3c). 
a 

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-la 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) A polypeptides isolated from spleen and a 

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

(b) AB polypeptides. (----) denotes spleen and(--) denotes epidermal molecules. 

(c) E molecules. (----) denotes spleen and(--) denotes epidermal molecules. a 



A) 
,.. 

J.tl7 

.. 1. 27 
~ 
" 
j . 1111 

. ,5 

... 

B) 
1. 58 

I. 211 

.. . 115 la 

~ . 115 .. 
. k 

... 

C) 
. 41 

. 33 

~ . 25 

! 
J . ,. 

.• 

• 

39 

E1'111EJaW.. 
iPLED< 

.A: t: :_} 

II 2■ 

E1' l 11EJaW.. 
SPUD< 

II 2■ 

EJ>lllOlMAl. 
5l'L££N 

II 211 

-------------------

• .. 511 
FRACTION tUelE.R 

• .. !II 
FIIACT I IIN IU&JI 

31 .. 511 
FRACTJON frl.li48E.R 

Fi gure J 

.. 

-

.., 

TYR 
12. 5 

, ... 
j 

i , . 
7. 52 ; 

• " 
5.12 j -1 

Q 

2. 53 
.. I 
2■ " 

... I 

71 • • 

TYR 
2.1111 

I.lie 

, . 
1. 25 ~ • : 

" 
. 13 j -1 a 
. , 1 ..I 

2■ " 

I I 

71 • Ill 

TYR 
1. 58 

i 
1. 25 

,. 
1:: 

ri 
i 

. 1)3 ; 
" •= 

. a.! j -~ d 

l': : \ 

. 3 1 .. I 
211 " 

I 

71 - 1111 



40 

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 Tor B cells (Frelinger et al. 1978). Further, in long term chimeras utilizing 

antisera specific 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 (melanocytes, keratinocytes, 

etc.) 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 distinct 

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 (H-2s) reticular sarcoma cells while the normal H-2s 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 lymphocyte 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 

(Sting! 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 Ia 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 Ia 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 Distinct Molecular Species 

The publication contained in this chapter originally appeared in the 

European Journal of Immunology 
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Mouse alloantisera demonstrate at least two distinct 
molecular species* 

la antigens isolated from spleen cells of rats and mice are composed of two polypep­
tide chains . designated a and ~- Mouse alloantisera specific for the I-A• and 1-E' 
subregions react with rwo 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 la 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 la 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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I 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 a,·ailability of inbred , recombinant and con­
genie strains of mice. We are interested in employing chemical 
approaches to the characterization of MH C antigens from the 
rat in order to compare the genetic organization and homology 
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 bemagglutinating 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 tbe 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 anugens (,;. 45000 mo!. wt .) and 
la polypeptides ( a, 35 000 mo!. w1.: ~- 28 000 mo!. wt.) of mice 
can be isolated from rat lymphocytes by indirect immuno­
precipitation with these alloantisera [10, 11] . The panial N­
terminal microsequence analysis of these putative transplanta­
tion antigens of rat reveals striking sequence homology to their 
mouse counterpans . and the presence of two discrete molecu­
lar species implies Ihat the H-1 complex of rat like the H-2 
complex of mouse has at least two genes encoding the trans­
plantation antigens [II] . In the preceding repon [12] . we also 
demonstrate that the ~ polypeptides of the rat la antigens are 
heterogeneous in their amino acid sequences and potentially 
homologous to ~ chains encoded by both the I-A and 1-E 
subregions of the mouse H-2 complex . Accordingly. the rat 
ma y have at least two discrete Ia anugens . 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 bv the rat H-1 complex . In thi s study. we employ 
mouse alloantisera specific for the I-A and 1-E subregions to 
demonstrate by sequential immunoprecipitation . peptide map 
analysis. and two-dimensional gel electreophoresis that there 
are two distinct populations of rat la antigens . 

2 Materials and methods 

2.1 Rats 

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

Table I. Inbred strain combinations of rats used to prepare rat alloan­
llscrum to H-l anugcns 

Serum 

RISO 
RI69 
RI43 
RI«> 

.- -~ ~--.i,--~ ~:t.·......-:r.c,.Jr;~;-..... 

Ra:ipiettr ~ Donor H-I regio,o?. 
11nm . : det~ .. i 

(DA x BN.B2)F1 BN ii- -~J 
(UW.BN x BN.B2)F1 • Lewis H-I' _ ;} 

(l..cn x BN.B2)F1 DA _ H·X- ~; 

-~~~~~~~; .. );~~ 

Tabk 2. Inbred strain combinations of mice used to prepare mouse 
alloantisera to la antigens 

mI 
064 
03b 
u 
033 

(B I0.T(6R) x B I0.D2)F, 
(B 10.S(7 R) x A.CA)F1 

(C3H.H-2" x l.29)F1 

(A. TH x B 10.HTI)F, 
(B I0.D 2 x A)F1 

a) Ia antigens have not yet been isolated from the 1-B. 1-J. and 1-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 I and 2. Mouse 
antisera 031 and 064 were a gift of Dr. H. 0. McDevitt of 
Stanford University. and antiserum 12 was a gift of Dr. J . A. 
Frelinger of the University of Southern California. D 3 b and 
D 33 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 
(HBSSJ containing 2q fetal calf serum and 20 m~1 HEPES 
buffer. The lymphoid cells were then isolated on Ficoll-lso­
paque f.adients [14] . washed. and counted . Approximately 
2 x JO live cells were incubated at 37 ' C for 5 h in I ml of 
HEPES-HBSS-2 '7c fetal calf serum containin2 1 mCi 
( = 37 MBq) of ['HJ tyrosine (New England Nuclea;. Boston 
MA) . Cells were washed in ice-cold medium three times after 
this shon-term culture and solubilized in ice-cold 0.01 !>1 Tris/ 
0. 15M NaCU0.25 9< Nonidet-P 4-0 (NP 4-0) 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 Sraph_v­
lococcu.s aureu.s Cowan I (SaCI) [15) to remove nonspecifically 
adhering material . Antiserum (usually 10 µ1'106 cells in the 
lysate) was added to this precleared antigen preparation , and 
the mixture was incubated overnight at 4 °C. Immune com­
plexes were removed from the mixture by adsorption to SaCI 
for 20 min on ice and pelleted by centrifugation . After wash­
ing the precipitates twice in cold Tris-NaCl-0.25% NP 40 buf­
fer , the antigen-antibody complexes were eluted from tbe S. 
aureu.s by boiling for 3 min in 4% sodium dodecyl sulfate 
(SDS)-6 M urea. The eluates were collected by centrifugation , 
diluted with glycerol and buffer salts. reduced in 2% 2-mer-



captoethanol. and analyzed by 10% SDS-polyacrylamide gel 
electrophorem (SOS-PAGE) [16] . Gels were sliced and 
eluted and the radioactivity counted in a liquid scintillation 
counte r. 

2.5 Two-dimensional gel electrophoresis 

Antigen; were precipitated and isolated as above. except that 
th e complexes were eluted from the SaCJ v.ith isoelectric 
focu sing buffer I J 7). Samples were than applied to non ­
equilibrium pH gradient gel electrophoresis exactly as 
descrihed I 17) . The first dimensional gel s were incubated in 
SOS-containing reducing buffer and run on the second dimen· 
sion of SOS-PAGE . Gel s containing ·;H-labeled proteins were 
fixed in 3y;; ·perchloric acid I 18] and prepared for subsequent 
fluorograph, iJ9]. Kodak XR-5 X-ray film was flashed with a 
strobe light before applying it to the dried gels. The auto­
radiograms m this repon reflect an exposure period of approx­
imate I\ 25 davs for gels containing labeled proteins from the 
3 x 10• - 5 x 10• cells originally immunoprecipitated . 

2.6 Peptide map analysis using high-pressure liquid 
chromatograph) (HPLC! 

la molecules were isolated as described above (Sect. 2.4 ). The 
proteins were eluted from the gels in 0.01 '7c SOS mixed with 
0.5 mg porcine immunoglobulin and )\'ophilized . The polypep· 
tides were redu ced. alhlated . and digested as described b,· 
Mc\1 il!a n et al. [20) . The polypeptides were boiled for 5 min 
in 0.5 ml of 0.6 M Tri s. O.o2 M EDT A. 9'7c SOS. pH 8.3 buffer 
and redu ced under argon for 3 h at 37 °C with dithiothreitol 
((J 02~ ~, J. The proteins were then alkvlated in the dark for J h 
at room temperature usin g 1odoacetamide (0.05 M). and re­
agents were then rem oved bv centrifugation through a 2.5 ml 
column of Sephadex G-25 equilibrated v.ith 0.05 M Tris . 2'7, 
2-mercaptoethanol. 2'7c SOS. pH 7.5. The proteins were then 
precipi ta ted with 20<;; trichloroacetic acid. washed . dried . and 
digested for 18 h at room temperature in 0.2 ml 0.05 M 

ammonium hvdrogencarbonate using JO µI of trypsin-TPCK 
(Worthington . Freehold . l'<J : JO mg;ml in 0.001 s HCIJ . 
An other JO µI of trypsin solution was added and after 4 h the 
resulting peptides were lvophilized . The ))f.ptides were ana­
lyzed on a DuPont 830 HPL chromatograph using a 25 cm 
Zorbax-CN column at 49 °C. The column was initially equili­
brated with O I M sodium phosphate buffer. pH 2.1. and the 
peptides were eluted wn h a gradient of acetone . One-ml frac­
tions were collected even· minute direct!\ into scintillation 
vials and evaporated to dryness : 0.5 ml 0.01 '7c SOS and 4 ml 
Aquasol -2 (NEN. Boston. MA) were added to each vial. and 
the radioactivity was then determined on a Beckman LS 9000 
scintillation counter. 

3 Results 

3.1 Rat alloantiserum detects typical MHC molecules 

Rat transplantation antigens and Ia antigens are very similar in 
their molecular weights to the MHC proteins isolated from 
mouse spleen cells [1 2] . Essentially the same gel panerns are 
found for H-1 complex antigens from four rat strains (BN , 
BN.B4 , BN .B2. and Lewis) . These observations suggest that 

49 

Structure of rat Ia antigens 

the rat alloantisera. listed in Table 1. detect primaril) MHC 
antigens. 

3.2 Mouse alloantisera react with la molecules from four 
different rat haplotypes 

The antigens of the rat H-1 complex react with highly specific 
alloantisera prepared against mouse la antigens . la antigens 
from Lewis, B'.'-1 , B~ .B2. and B~.B4 rats react with antisera 
directed to the entire mou;e I region. the I-A subregion and 
the 1-E subregion. A summary of the various mouse alloanti­
sera reacting with rat MHC antigens is presented in Table 2. 
Both the a and ~ components of rat la antigens are found in all 
of the immunoprecipitates obtained with mouse alloantisera. 
More extensive studies to characterize the nature of these 
cross-reactions were conducted on Bl'< antigen preparations. 

3.3 Mouse alloantisera react with the same rat MHC antigens 
as rat alloantisera 

We have tested th e reacthil\' of one mouse antiserum (D 3 b. 
which detects the whole I' re°gion in H-2" mice l as it compares 
with the reactivity of the appropriate rat alloantiserum 
(Fig . J ). A soluble lysate of spleen cells from B~ rats was 
treated v.ith (DA x B1'.B 2)F1 anti-BN antiserum until all of 
the serologicallv reactive molecules were removed . A mouse 
alloantiserum directed to the entire I' region (D 3 b) detected 
no remaining BN antigens (Fig. I C) . This experiment indi­
cates that the mouse anti-I' reagent recognizes only la 
molecules that are detected by the congenic rat alloantiserum. 
Because the rat alloantisera appear to recognize predomi­
nantly MHC antigens. this obsen·ation suggests the mouse 
alloantisera also are reacting v.i th antigens encoded by the rat 
MHC. 

3.4 Mouse alloantisera specific for the la antigens of two differ­
ent mouse haplotJ·pes both react with the same la molecules 
of the rat 

Mouse alloantisera specific for the I-A subregions of mice of 
the H-2° [(B 10.D2 x A)F 1 anti-B 10.A(S R)] and H-2" 

IA! !B i !C i 
120C 

: IIOC' 
u 

X 
.., ~00 

70~ !>O 70 )0 ,o 10 

==i MIGRATION DISTANCE Imm) 

Figur, ]. SOS-PAGE panems of ['H)t,Tosine-labeled BN antigens. 
(A) BN anugens detee1ed by R 150 rat alloantiserum. (Bl BN antigens 
detected by mouse anti-I' aJJoantiserum (D 3h) . (C) BN antigens 
deteC1ed by mouse anti -I' alloantiserum (D 3b) afler initial precipita­
tion with RISO rat alJoantiserum . The rat antigen preparations were 
precleared for immunog)obulins and other nonspecific peaks by pre­
liminary precipitation with normal mouse serum and SaCJ. The peak 
designated H-1° contains BN major transplantation antigens. la anti­
gens are labeled a and ~. 
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Figure 2. Sequential precipitations of ['HJtyrosine-lalxled BN Ia anti­
gens . BN rat antigens were precipitated with mouse anti-l-E11: anti­
serum (A) until no further reactiVltv could be detected with this anti­
serum (BJ The cleared supemata;t from B was treated with mouse 
anti-I-A' an1iserum. 10 obtain the gel profile in (C) . The reciprocal 
experiment is shown in panels (D-F). where anti-I-A~ antiserum was 
used as the fir.;r reagent (DI. until all antigens reacting with this anti­
serum were depleted (E). and the supernatant from (E) was then 
precipllated with mouse anti-1-E' antiserum (F) . This experiment 
reveals tha1 there are two serologically separable Ia antigens in the BN 
rat spleen cell preparation . 

!a: 

t 
lb l 

·-- • ~t::c,. 

Id! 

• 

••• r 

If! 

--
......... 

J:illD 

[(A.TI! x B 10.HTI)F, anti-A.TI..] haplotypcs were each 
employed to exhaustively precipitate two aliquots of spleen 
ceU antigens from the BN rat. When the supernatants of these 
reactions failed to react with the homologous reagent. they 
were reacted with the reciprocal antiserum. In each case. the 
second mouse aUoantiserum failed to precipitate any addi­
tional rat la molecules. Acrordingly , the same rat la molecules 
must rontain serological specificities that cross-react with 
mouse alloantisera to the I-A subregion of two distinct 
haplotypcs, H-2b and H-2". 

3.5 Two mouse alloaotisera specific for the I-A and 1-E subtt­
gions, respecti•ely, react with two distinct populations of 
rat la molecules 

Two aliquots of BN spleen cell rreparations were precipitated 
with either anti-I-A• or anti-1-E antiserum (see Table 2) . The 
supernatants of each aliquot were checked for residual activity 
with these reagents until all precipitable material was cleared 
from the antigen preparation (Fig. 2). These cleared supernat­
ants were then treated with the opposite reagent. and the 
resulting immune precipitates were analyzed by SDS-PAGE. 
The mouse anti-I-A• antiserum recognizes rat Ia molecules 
that fail to react with the mouse anti-1-E' antiserum. likewise , 
the anti-1-E' antiserum rerognizes rat la molecules that fail to 
react with the anti-I-A' antigens. Therefore . the mouse alloan-

-• 

-­o •• 

Figure 3. Two-dimensional gel pattern of 
['H]tyrosine-lalxled BN (H-1 ") antigens. 
Nonequilibrium pH gradient elec­
trophoresis (NEPHGE) of immuno­
precipitated BN antigens was performed 
in the first (horizontal! dimension. fol­
lowed bv mo!. wt . separation on SOS­
PAGE g~ls in the second (vertical) dimen­
sion . The basic end of the NEPHGE gel is 
on the left , and the pH range is from 4.4 to 
8.4 on each of the gels . Autoradiographs 
of the gels are shown on the left: schematic 
diagrams of the lalxled MHC proteins are 
shown on the right. (a. b) BN molecules 
precipitated with mouse anti•l•Ak scrum : 
(c. d) BN molecules precipitated with 
mouse anti-1-E' serum : (e . f) BN 
molecules precipitated with rat alloan­
tiserum to the whole H-1" region (RISO) . 
The contaminating actin spot is indicated 
by the lener .. A" . In addition to the la 
antigen spots . the rat alloantiserum (e. f) 
recognizes the BN transplantation anti­
gens (45 000 mol. wt.) . which appear in the 
vicinity of the actin spot. l½-Microglobutin 
runs at the dye front . 



tisera specific for the I-A and 1-E subregions appear to react 
with two distinct populations of rat la molecules. 

3.6 Two-dimensional polyacrylamide gel analyses of rat la 
molecules isolated with mouse anti-I-A and mouS<: anti-1-E 
reagents demonstrate two distinct populations of p polypep­
tides 

Since the la molecules are comprised of two distinct polypep­
tides. a and ~- it was of interest to determine whether one or 
both chains differed in the rat Ia molecules precipitated with 
either the mouse I-A or 1-E alloantisera. To approach this 
question. we carried oul the immunoprecipitation procedure 
on Bl\ spleen cells employing three reagents : rat anti-H-1" 
alloantiserum (Table 1 ). mouse anti-I-A' antiserum and 
mouse anti-1-E' antiserum (Table 2). These immunoprecipi­
tates were submitted to two-dimensional gel electrophoresis 
(Fig . 3). Each of the three reagents yields immunoprecipitates 
with a complex pattern of a and ~ polypeptides. These com­
plex pattern~ are similar to those seen in a comparable analysis 
of mouse la antigens 1211. and the complexity of polvpeptide 
spots appears to be due at least in part to different levels of 
gl\,cos,·lation . There are several striking features of these data . 

Figure 4. Trvptic peptide maps usin~ HPLC. Tryptic peptide, of a la 
molecules labeled _.-uh ['H)t yrosine isolated using anti-1 -A region 
anusero (---) and anu-1-E region antisera (-). 

(aJ The ~ polypeptides from the rat 1-E-like molecules are 
distinct from those of the rat }-A-like molecules. Thus. we can 
tentatively conclude that there are two separate groups of rat~ 
chains which we will designate A~ and E~- respective!,· (b) 
The pool of ~ polypeptides isolated by the rat alloantiserum 
appears to be equivalent to the sum of the pools of ~ polypep­
tides isolated by the two mouse alloantisera . Thus . the rat 
alloantiserum reacts with the two types of rat la molecules (i.e. 
I-A and 1-E) . but presumably it does not react significantly 
\\ith additional molecular species. (c) The rat alloantiserum 
precipitates two groups of acidic spots which differ slightly in 
charge and mo!. wt . These acidic spots . which are difficult to 
see in Fig. 3. but have been observed in repeated gels. are 
likely to be the rat a polypeptides on the basis of their mo!. 
wts. The higher mo!. \\1 . and less acidic group of putative a 
spots is clearly precipitated by the mouse anti -1-E' reagent. 
However, we have been unable to make a clear subregion 
distinction between the acidic spots on two-dimensional gels 
using the mouse alloantisera due to tbe relative faintness of the 
a as compared to the ~ spots. 
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Structure of rat la antigens 

3. 7 Tryptic peptide map analJ·ses of rat la molecules isolated 
with mouse anti-I-A and mouse anti-1-E reagents demon­
strate two distinct populations of a polypeptides 

Rat a polypeptides from la molecules were isolated from 
1-'Hltvrosine-labeled BN spleen cell preparations using mouse 
alloantisera to the I-A' and 1-E' products and preparative 
SDS-PAGE. The a polypeptides precipitated with each of 
these reagents were separately digested with trvpsin. and the 
peptides were analyzed hy HPLC as previous!, described 1201. 
The resulting peptide maps show that the a polypeptide pre­
cipitated \\ith the anti-I-A• mouse alloantiserum is clearly 
different from the a polypeptide precipitated with the anti-
1-E' mouse alloantiserum (Fig . 4) . Furthermore. the eluuon 
pattern of the tyrosine-containing tryptic peptide; of the anti-
1-E-precipitated rat a chain is very reminiscent of the elution 
patterns of similar tryptic peptide maps of the mouse 1-E a 
polypeptides. The tyrosine-containing peptides of the 1-E-like 
a are very hydrophobic as are those of the mouse E~ and E~ 
polypeptides 1201. In fact. the majorl_;Hltyrosine-containing 
peptides of the rat Eu•like polypeptide elute at identical posi­
tions in HPLC gradient to those of the mouse suggesting that 
these polypeptides are very homologous. The HPLC distribu­
tion of tryptic peptides from the rat a-like polypeptide. iso­
lated using the mouse anti-I-A' antisernm. is not so similar to 
those of the mouse Au polypeptide by this analysis . The ~-like 
molecules of rat are difterent from one another and are more 
hydrophilic relative to the a-like molecules of rat. These gen­
eral features also are shared by mouse a and ~ polypeptides 
(data not shown). 

4 Discussion 

4.1 la molecules of the rat and mouse share many general 
features 

The pre\'alent models for the organization of the MHC of 
various species relv heavil\" on similarity to. or dissimilaril\· 
from. the mouse H-2 system 1J l- In the rat. Ir gene functions 
are found to be linked to the MHC. and la-like antigens are 
found to be encoded bv this region as well. The direction of 
our efforts in this work has been to determine the number of 
antigens encoded by the rat MHC and assess their chemical 
characteristics. Both rat and mouse la molecules are com­
prised of two nonco\'alently associated polypeptides. the a 
about 35 00() in mo!. wt . and the ~ about 28000 in mo!. wt. 
Partial N-terminal analyses reveal that there appears to be a 
single molecular species of rat a polypeptide which is 
homologous to its mouse E 0 counterpart IJ2] . The la 
molecules of the rat and mouse also share serological 
specificities in that specific mouse alloantisera for the I region 
precipitate rat la antigens (thisreport !JO. II. 13]) . Moreover. 
mouse alloantisera to the I-A and 1-E subregions precipitate 
two distinct groups of la molecules from lymphoid cells of both 
the rat and the mouse . This observation is consistent with the 
fact the rat ~ chain appears to have at least two distinct se­
quences homologous to their mouse A~ and Er counterparts 
I l2l. Accordingly. the la antigens of the rat may be defined by 
virtue of their homology relationships to mouse la antigens at 
several different levels: subunit mo!. wt . N-terminal amino 
acid sequence homology , reactivity to homologous alloanti­
sera. and cross-reactivity with highly specific mouse alloanti­
sera to the entire I region and to the I-A and 1-E subregions. 
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4.2 The la molecules of the rat appear to be encoded by at least 
two distinct genes in the H-1 complex 

The sequential precipitation of rat la antigens with the mouse 
anti-I-A and anti-1-E alloantisera indicates that the cross-reac­
tive detenninants reside on different molecules . In addition to 
the serological distinction . these rat la antigens are chemically 
distinct in terms of their migration on two-dimensional gels(~ 
polypeptides) and tyrosine-containing tryptic peptide maps (a 
polvpeptides) . Thus. by analogy to the mouse. the rat I region 
equivalent (H-1 BJ appears to code for at least two distinct Ia 
antigens . equivalent to those encoded by the I-A and 1-E sub­
reltions in the mouse . Several additional lines of evidence sug­
ge;t that each of the la ~ genes are encoded in the rat H-1 
complex . (a) The rat I-A-like and 1-E-like molecules can both 
react completely with congenic rat alloantiserum , presumably 
directed only against gene products of the MHC. (b) The ~ 
polypeptides of congenic rat strains appear to differ by possi­
ble haplotype-associated residues in the partial N-terminal 
sequences [12] and by distinct patterns with two-dimensional 
gel electrophoresis (data not shown) . Since the congenic rats 
are presumably identical in their genetic constitutions but for 
the H-1 complex. this implies that the genes controlling the 
expression of rat ~ polypeptides (structural or regulatory) are 
encoded in the H-1 complex. 

The rat Ia a polypeptides clearly differ from one another in the 
B~ rat as shown by peptide map analysis . In addition , at least 
one of the two a polypeptides shows striking N-terminal se­
quence homology with the mouse 1-E a polypeptide and the 
human Ia a polypeptide [12] . We have not yet determined 
whether the rat a polypeptides vary between haplotypes or 
whether there is sequence homology between the a molecule 
precipitated with mouse anti-I-A alloantiserum and the mouse 
1-A subregion a polypeptide . These studies are currently in 
progress. 

4.3 The serological cross-reactions between the Ia antigens of 
rat and mouse pose an interesting evolutionary problem 

The existence of cross-reactions between rat and mouse mem­
brane antigens is not surprising. Studies of cross-reactions 
between the mouse thymus cell antigen . Thy-I. and the rat 
homologue of this antigen showed that the rat antigen could be 
detected by specific mouse alloantiserum which had been pre­
pared to one allelic product of the mouse Thy-I locus [22]. 
Sachs and his co-worker.; have presented evidence of la 
specificities shared by rats and mice. using mouse anti-rat anti­
serum and congenic mouse alloantiserum to the whole H-2 
region [10. 13] . 

The cross-reactions appear to involve similar but not identical 
determinants on the la antigens of rat and mouse. The relative 
aviditv of the mouse alloantibodies appears to be lower for rat 
than f~r mouse antigen preparations. For example , the la anti­
gens of rat cannot be completely precipitated by repeated 
reactions with mouse anti-I' antisera . However. the two­
dimensional. gel electrophoresis patterns of rat la molecules 
obtained by mouse alloantiserum are identical. Since the 
mouse aUoantiserum reacts completely with homologous anti­
gens. this implies a lower avidity for the rat antigens . 

The interesting evolutionary problem posed by these studies is 
as follows . The mouse alloantisera are capable of dis tin-

guishing mice of one haplotype from those of a second, yet a 
mouse aUoantiserum to the I region molecules of the H-2' 
haplotype reacts with rats of four different haplotypes . lbis 
indicates that at least some of the serological specificities 
which characterize mouse Ia molecules of the H-2' haplotype 
are present on rat la molecules of several different haplotypes. 
Moreover, the mouse aUoantiserum to la molecules of the 
H-2b haplotype recognizes precisely the same molecules as 
mouse anti-I' serum. This implies that the rat la molecules 
from many different haplotypes share at least some of the 
specificities characteristic of la antigens from mice of the H-2b 
haplotype. The results of Sachs et al . [ 10. 13) are similar to our 
own in that all of the mouse antisera "'itich react with Ia anti­
gens from one rat strain also react with la molecules from 
other rat haplotypes. Various genetic models have been dis­
cussed in an attempt to explain the existence of sets of anti­
genic determinants which are polymorphic within a species yet 
conserved between members of two different species [13. 23) . 
At the chemical level, the simplest explanation for these 
results would be that the alloantisera recognize a very limited 
number of determinants grouped on a very specific part of the 
antigen . Haplotype specificity would then be conferred by pro­
hibitive amino acid substitutions within the epitope (i.e. by 
charge change or by the substitution of a large side chain) 
which interfere with the antibody binding. Antigenically neu­
tral sul,stitutions occurring within this same epitope in other 
species could allow binding of either haplotype-defining anti­
body. 

It is interesting that even across a species barrier the mouse 
alloantisera seem to distinguish A-ness and E-ness . This would 
seem to imply a conservation of structure in the vicinity of the 
alloantigenic determinants (at least ) which differentiates the 
two subregion products in the mouse . Since A-ness and E-ness 
seem also to be separate in the rat. one is lead to postulate that 
the separation of I-A and 1-E occurred prior to the separation 
of mouse and rat. If so. cross-reactions between mouse alloan­
tisera and Ia antigens of other species is a powerful probe for 
examining the expression of Ia antigens in species for which 
defined genetic systems are lacking. 

Definition of the genetic organization responsible for the 
expression of two la antigens in the rat will require character­
ization of the cross-reactive molecules in other rat strains . We 
have demonstrated . for the first time. the existence of multiple 
and distinct rat Ia antigens . We hope that study of the rat la 
antigens will lead us to a greater understanding of the 
biochemical nature and functions of the la antigens in general. 

Received June 27. 1979; in revised form August 29 . 1979. 
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Chapter VI 

Characterization of Rat C~ II Molecules with Restricted Mouse Anti-Ia Sera 

The manuscript contained in this chapter is being submitted to 

Immunogenetics for publication 
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Characterization of RTl using mouse antisera 
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Abstract. Murine anti-Ia sera were tested for their reactivity with rat 

peripheral lymphocytes. Extensive cross-reactions were observed in a complement 

dependent cytotoxicity assay. In the majority of strain combinations, these reactions 

were specific for B cells. We demonstrated by absorption analyses that: 1) the 

reaction was specific, 2) B cells from all rat strains reacted with anti-I-Ek serum, 

and 3) the anti-I-A sera defined five new specificities. These antisera can also 

immunoprecipitate class II (Ia-like) molecules from radiolabeled detergent solubilized 

cell extracts. The rat equivalents of molecules encoded in the I-A and I-E subregions 

in mice can be isolated from all rat strains studied. The a and S subunits of the 

rat class II molecules were polymorphic when analyzed by sodium dodecyl sulfate 

(SDS) polyacrylamide electrophoresis. This observation allows the characterization 

of rat alloantisera of unknown specificity by comparing them to the defined reactivity 

of the mouse anti-Ia sera. 
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Introduction 

The major histocompatibility complex (MHC) consists of tightly linked 

genes involved in regulating the immune response and has been identified in all 

mammalian species studied. The H-2 complex of the mouse has served as the 

prototype for identification of M HC class I and class II genes. Class I gene products 

H-2K, D, Lare expressed in all tissues (reviewed in Klein 1975) whereas molecules 

encoded by the class II genes, I-A and 1-E, are expressed primarily in B cells (Sachs 

and Cone 1973) and macrophages (Hammerling et al. 1974). The identification 

of multiple H-2 class I and Il genes has been facilitated by the selection of intra­

H-2 recombinants. 

Compared to the relatively advanced stage of the analysis of H-2 genes 

and their antigenic produc_ts, little is known about the genetics and biochemistry 

of the rat MHC (RTl). The existence of the RTl (AgB) complex was first demon­

strated serologically and presumably detected class I antigens (Bogden and Aptekman 

1960; Kren 1960). The class II antigen(s) was detected originally as mixed lymphocyte 

culture (MLC) stimulating antigen(s) (Silvers et al. 1967). More recently, serological 

and biochemical analyses demonstrated the existence of two class I and two class II 

genes in RTl (Shinohara et al. 1978; Blankenhorn et al. 1978; Sporer et al. 1979; 

Blankenhorn et al. 1980). However, a scarcity of recombinants within the class I 

and class II regions has limited the serological and biochemical analyses of individual 

class I and Il molecules. Serological detection of single molecules would facilitate 

such an analysis. 

Experiments by several groups (Sachs et al. 1977; Shinohara et al. 1978; 

Blankenhorn et al. 1980) detecting RTl class II antigens with mouse anti-Ia sera 

suggest a fruitful approach to a more detailed characterization of individual RTl 

class Il alloantigens. Accordingly, we have analyzed the reactivity of restricted 

mouse anti-I-A sera on rat lymphocytes. 
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In this communication we report detailed serological and biochemical 

analyses of the reactivity of these antisera with rat class II molecules. These 

results directly demonstrate by serologic and biochemical criteria polymorphism 

for the rat class II molecules. The implications of these results for the further 

analysis of RTl genes are presented. 

Materials and Methods 

Rats and Mice. The rats utilized in these experiments and their respective 

RTl (AgB) haplotypes are described in Table 1. All rats were produced in our 

breeding colony at The Wistar Institute. Mice employed as positive and negative 

controls of antisera were of the same strains as the donors and recipients of the 

tested alloantisera; all mice were raised in our breeding colony at The Wistar 

Institute. 

Alloantisera. The mouse alloantisera tested in this study were generously 

supplied by Dr. Jeffrey A. Frelinger, Department of Microbiology, University 

of Southern California Medical School, Los Angeles, California, and the NIH Allo­

antiserum Contract. The monoclonal antibody 10-2.16 was provided by Dr. Herzenberg 

through the Salk Institute, San Diego, California. The alloantisera and their speci­

ficities are presented in Table 2. Rat alloantisera specific for the Pta antigen 

expressed on peripheral rat T cells (Butcher and Howard 1977) were produced 

in this laboratory. Lewis anti-Fischer (anti-Pta 2) and BN.ALB-RTlb anti-Buffalo 

(anti-Pta 1) sera were produced by standard techniques (Gotze et al. 1978). Lymph 

node cells not lysed by anti-Pta plus C' are 90-100% sensitive to anti-class II antisera 

and 90-100% surface lg positive when tested with fluorescein conjugated polyvalent 

goat anti-rat lg (Antibodies Incorporated, Davis, California). 

Complement-Dependent Cytotoxicity. The complement-dependent cyto­

toxic test was a two-stage test performed as described by Frelinger et al. (197 4), 
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Table 1. RTl Haplotypes of Employed Rat Strains 

Strain RTl (AgB) 

Fischer 1 Bl 

BN. WF-RTlw w B2 

n B3 Lew.BN-RTl n 

BN n B3 

BN .DA-RTla a B4 

DA a B4 

August C B5 

Buffalo b B6 

MNR m B13 
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Table 2. Specificity of Tested Ia-Specific Mouse Antisera 

Antiserum 

A.TH anti-A.TLa 

A.TH anti-A.TL (NIH) 

(BlO x A.TH)F1 anti-A.TL 

A. TL anti-A. TH 

(A.TL x B10.A(5R))F
1 

anti-A.TH (:t{IH) 

(A.TH x BlO. HTT) Fl anti-A. TL 

(A.BY x BlO. HTT) Fl anti-A. TL ( NIH) 

(Ax B10.D2)F1 anti-B10.A(5R) 

CWB anti-C3H monoclonal 10-2 .16 

(BlO x HTI)F
1 

anti-B10.A(5R) (NIH) 

H-2 region 
( + other) 

Ik 

Ik 

Ik 

I-As ( + Tlab) 

I-As 

I-Ak 

I-Ak 

KbI-Ab 

I-Ak 

I-Ek 

aSupplied from J. A. Frelinger unless otherwise noted. 

bPossibility of anti-Qa-2 activity (Flaherty et al., 1977). 

Ia specificity 

1,2,3,7 

1,2,3,7 

1,2,7 

4,5,9,12 

4,5,12 

1,2,3 

1,2 

8, 9-, 21 

17 

7,22 
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with minor modifications described previously (Gotze et al. 1978). Rabbit serum, 

selected for low toxicity on rat lymphocytes, was the source of complement. 

Rabbit complement was essential for uniform detection of reactions of mouse 

alloantisera and rat lymphocytes. 

Negative Selection of B Cells. T cells were eliminated from cervical 

lymph node cell preparations by mass depletion as described by Niederhuber et 

al. (1975). Briefly, lymph node cells were suspended by extrusion through fine 

mesh nylon bolting cloth. Twenty-five million viable cells were treated with 2.5 ml 

of anti-Pta serum diluted in medium 199 plus 5% fetal calf serum (FCS) by incubation 

at 37°C for 30 minutes. Lymphocytes were spun down and the diluted antiserum 

removed and replaced by 2.5 ml of rabbit complement diluted in 199. Complement­

treated cells were incubated at 37°C for 30 minutes. The surviving cells were 

washed 3 times in 199 and 5% FCS and incubated in same at 37°C for 45 minutes 

to allow antiserum plus C'-damaged cells to undergo complete lysis. The cell 

suspensions were layered over Ficoll-Sodium metrizoate (Nyegaard & Co., Oslo, 

Norway) (p = 1.090) (Davidson and Parish 1975) and were spun at 2000 x g for 5 

minutes to remove dead cells. The viable cells at the interface were removed, 

washed three times, and resuspended for testing. 

Absorptions. Absorption of antisera with splenic lymphocytes was carried 

out according to the technique described by Gotze et al. (1978) for red blood cell 

adsorption. Antiserum was diluted to the lowest concentration which resulted 

in maximum kill of targets from all rat strains. 'X' number of microliters of diluted 

antiserum was absorbed with 'X' x 106 splenic lymphocytes for 60 minutes at 37°C. 

Absorbed antiserum was diluted in doubling dilutions from 1/2 to 1/18 and delivered 

to microtiter plates for test. All absorptions with rat spleen cells were accompanied 

by unabsorbed controls and control samples absorbed with positive and negative 

mouse spleen cells. 
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Immunoprecipitation of RTl Class II Antigens. Single cell suspensions 

were made from the spleens of individual rats. Red blood cells were lysed by 

KHCO3-NH4Cl treatment, and the remaining lymphocytes washed three times. 

Lymphocytes were cultured at 2 x 10 7 viable cells/ml in Hank's balanced salt 

solution supplemented with 5% dialyzed fetal calf serum, 10 mM HEPES, 1 mCi 

each of 3H-tyrosine and leucine, and Minimal Eagle's Media vitamins. After 5 

hours incubation at 37°C, the cells were washed twice in Hank's and then lysed 

in 2 ml of a solution of 0.5% Triton X-100, 10 mM Tris, 0.14 M NaCl pH 7.4 (TBS­

TX-100) for 30 minutes on ice. Debris was removed by centrifugation. The super­

natants containing the alloantigens were stored at -70°C. 

Radiolabeled rat MHC molecules were isolated by indirect immunopre­

cipitation using Staphylococcus aureus (Staph A) as described by Cullen and Schwartz 

(1976) with minor modifications. Briefly, the TBS-TX-100 supernatants were 

precleared with 200 µl of washed Staph A and incubated with specific antisera 

for 2-4 hours at 4°C. Staph A was added for 1 hour on ice; the Staph was pelleted 

by centrifugation and washed three times in TBS-TX-100, changing tubes at the 

last wash. Proteins were eluted from the Staph A by boiling in a solution of 2% 

sodium dodecyl sulfate (SDS), 2% S-mercaptoethanol, and 50 mM Tris pH 6.8. 

The Staph A was pelleted and the supernatant removed. Glycerol and pyronin Y 

were added to the samples which were electrophoresed on 10% polyacrylamide , 

SDS slab or disc gels (Laemmli 1972). Disc gels were sliced into 1 mm segments 

and eluted overnight in 0.5 ml of 0.01 % SDS in scintillation vials. Four ml of 

Aquasol-2 were added and amount of radioactivity was determined on a Beckman 

LS9000 scintillation counter. Slab gels were stained, destained, and prepared 

for fluorography (Laskey and Mills 1975). The dried gels were placed on preflashed 

Kodak XR-5 X-ray film which was developed after storage for 2-4 days at -70°C. 
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Results 

Direct Complement-Dependent Cytotoxicity: Mouse Anti-Ia Sera Cross­

React with Rat B Cells. The reactivity of a panel of mouse Ia-specific alloantisera 

with rat lymph node cells was determined. The three types of anti-Ia sera tested 

were: 1) reactive with I-A plus I-E antigens, e.g., A.TH anti-A.TL; 2) reactive 

with I-A antigens, e.g., (A.TH x B10.HTT)F1 anti-A.TL; and 3) reactive with I-E 

antigens, e.g., (Bl0 x HTI)F 1 anti-B10.A(5R). The titers and maximum lysis values 

in these tests are presented in Table 3. As expected from preliminary experiments 

(P. Wettstein, unpublished data), no reactivity with class I antigens was observed 

with anti-H-2K plus anti-Ia reactivity. Reactions were observed with all three 

types of anti-Ia sera and rat lymphocytes. The low level of lysis obtained with 

all but A. TL anti-A. TH was consistent with the relatively low B-cell percentage 

in rat lymph node populations. In order to confirm these low percentage lytic 

reactions as well as the specificity of a select number of anti-Ia sera for B cells, 

T cells were depleted from lymph node suspensions by treatment with anti-Pta + C' 

and the surviving B cells tested with anit-Ia sera + C'. The results of these tests 

are included in Table 3. All tested anti-Ia sera demonstrated enhanced reactivity 

on enriched B cells from all tested rat strains with the exception of A. TL anti-

A. TH. A.TL anti-A.TH lysed high percentages of both B cells and untreated lymph 

node cells of all tested strains except BN in which apparently T cells were predominantly 

lysed. It would appear, therefore, that A. TL anti-A. TH has both anti-B- and anti-

T-cell activity when tested on rat lymph node cells, a point which will be discussed 

later. The results of these direct complement-dependent cytotoxicity tests using 

mouse alloantisera with restricted specificity for I-A and I-E subregion products 

demonstrate that mouse Ia alloantisera cross-react with rat B cells. Our results 

suggest that all tested rat strains express both I-A and I-E subregion gene products. 
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In order to confirm the specificity of these mouse antisera for the respective 

analogous gene products in rats, absorption analyses and immunoprecipitations 

were performed. 

Absorption Analysis of Mouse Antiserum Demonstrate Several New 

Serological Specificities on Rat B Cells. Three.!. subregion-specific alloantisera 

were selected for absorption analysis: (Bl0 x HTI)F 1 anti-B10.A(5R) (anti-I-Ek), 

(Ax B10.D2)F1 anti-A.TL (anti-I-Ak), and (A.TH x B10.HTT)F1 anti-A.TL. Antisera 

were diluted 1/10 and 'X' µl absorbed with 'X' x 106 spleen cells from each rat 

strain and positive and negative mouse strains. The absorbed antisera were diluted 

serially 1/2 + 1/8 (actual dilutions of antisera of 1/20 + 1/160) and tested with 

rat lymph node B cells. 

The results of the absorption of anti-I-Ek serum are presented in Table 4 

and Figure 1. The important points of the absorption are 1) the positive mouse 

cells (B10.A(5R)) absorbed activity for all rat strains, 2) the negative mouse strain 

cell (B10) did not absorb activity for any rat B cells, and 3) spleen cells from all 

rat strains cross-absorbed reactivity for target B cells from all other strains. 

These results confirmed the specificity of the reactivity of the (B10 x HTI)F 1 

anti-B10.A(5R) antiserum for rat B cells and demonstrated the existence of specificity 

RTLB.12 common to molecules coded for by the gene which appears to be the 

rat equivalent of the mouse I-E subregion. 

The results of the absorption of (Ax B10.D2)F 1 anti-B10.A(5R) (anti-

I-A b) are presented in Table 5. Absorption with mouse spleen cells demonstrated 

the specificity of the reaction of this antiserum with rat B cells, since B10.A(5R) 

but not Bl0.A spleen cells absorbed activity for all rat B cells. Evidence suggesting 

reactivity of anti-I-Ab with two specificities on rat cells was obtained. As illus­

trated in Table 5 and in part in Figure 2, reactivity of anti-I-Ab for Fischer and 

Buffalo B cells could only be completely absorbed with Fischer and Buffalo spleen 



Absorbing 
cells 

Fischer 

BN.WF 

Lew.BN 

BN.DA 

August 

Buffalo 

MNR 

B10.A(5R) 

Bl0 
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Table 4. Absorption of (Bl0 x HTI) Anti-B10.A(5R) (Anti-I-Ek) 

With Mouse and Rat Spleen Cells 

Activity (50% titera) after absorption when tested on B cells from: 

Fischer BN.WF BN BN.DA August Buffalo 

-(1/10) 

-(1/20) -(1/10) -(1/10) -(1/20) 

-(1/10) 

-(1/10) -(1/20) 

+(>1/160) +(>1/160) +(1/80) +(>1/160) +(>1/160) +(>1/160) 

Last dilution resulting in 50% of maximum lysis obtained with unabsorbed antiserum. 
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Fig. 1. Lysis in complement-dependent cytotoxicity with (BlO x HTI) anti-B10.A(5R) 

(anti-I-Ek) and BN B cells after absorption with the following cells: Left: __ , 

Fischer;_ .. _ , WF; ..... , BN; _._, BN.DA; ___ , August. Right: __ Buffalo; 

MNR; _._, B10.A(5R); ___ , BlO; ..... Unabsorbed . .. --
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Table 5. Absorption of (Ax B10.D2) Anti-B10.A(5R) (Anti-I-Ab) 

With Mouse and Rat Spleen Cells 

Activity (50% titer) after absorption when tested on B cells from: 

Absorbing 
cells Fischer BN.WF BN BN.DA August Buffalo 

Fischer 

BN.WF +(1/80) +(>1/160) 

Lew.BN +(1/80) +(1/40) +(>l/160) 

BN.DA +(1/80) +(1/40) -( 1/20) +(>l/160) 

August +( 1/80) -(1/10) +(1/160) 

Buffalo 

MNR +(1/80) +(>l/160) 

B10.A(5R) 

B10.A +(>l/160) +( 1/160) +( 1/40) +(1/80) +(>1/160) +(>1/160) 

See Table 4. 
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Fig. 2. Lysis ..... with (Ax BlO.D2) anti-B10.A(5R) (anti-I-Ab) and Buffalo B 

cells: Left: __ , Fischer;_._, BN.WF; ..... , BN; _ .. _, BN.DA, ___ , 

August. Right: __ , Buffalo;_ .. _, MNR; ..... , Bl0.A(5R); ___ , BlO.A. 
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cells. However, reactivity with EN.WF, EN, EN.DA and August was absorbed 

with cells from all strains. Therefore, a single specificity E.13 was shared by all 

six tested haplotypes. Specificity E.14 is expressed by the R Tl 1 and R Tl b hap lo types. 

The results of the absorption of (A. TH x ElO.HTT)F 1 anti-A. TL are presented 

in Table 6. The pattern of absorption is considerably more complex than that 

obtained with anti-I-Ek and anti-I-Ab. The ability of ElO.A cells to absorb reactivity 

of this antiserum for rat B cells and the failure of E10.A(9R) cells to absorb activity 

confirmed the antigenic specificity of the reaction of anti-I-A k with rat E cells. 

Absorption with cells expressing the different RTl haplotypes demonstrated the 

presence of no fewer than three new specificities. It should be pointed out that 

the specificities designated here are minimum numbers of specificities. The first 

specificity, E.15, was expressed by all tested haplotypes in that all strains absorbed 

for reactivity on Fischer and EN.DA. This specificity is different than E.13 in 

that the B.13 specificity is detected by I-Ak anti-I-Ab whereas the E.15 specificity 

is detected by I-As anti-I-Ak. The second specificity detected by anti-I-A\ E.16, 

is expressed by the RTlw, RTln, and RTlc haplotypes as demonstrated by their 

ability to remove activity for RTl wand RTln. Cells of the RT11, RTla, or RTlb 

haplotype were not able to absorb this reactivity. Figure 3 presents the absorbed 

antiserum titrations on EN.WF targets. We conclude the RTlw, RTln, and RTlc 

haplotypes share the E.16 specificity. An additional specificity was detected 

to be expressed only by cells of the R Tl c haplotype; only August cells could completely 

absorb activity for August B cells. This specificity has been designated B.17 (Table 7). 

Immunoprecipitation of Class II Molecules. Rat class II molecules can 

be immunoprecipitated using mouse anti-Ia sera (Sporer et al. 1979; Elankenhorn 

et al. 1980). Profiles of the SDS polyacrylamide disc gels showing the class II 

molecules isolated from the MNR strain and electrophoresed under reducing and 

non-reducing conditions are shown in Figure 4. These profiles illustrate two points. 



Absorbing 
cells 

Fischer 

BN.WF 

BN 

BN.DA 

August 

Buffalo 

Bl0.A 

Bl0.HTT 
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Table 6. Absorption of (A.TH x B10.HTT) Anti-A.TL (Anti-1-Ak) 

With Mouse and Rat Spleen Cells 

Activity (50% titer) after absorption when tested on B cells from: 

Fischer BN.WF BN BN.DA August 

+(>l/160) +(>1/160) +(>1/16·0) 

-(1/10) -( 1/10) +(1/40) 

-( 1/10) -(1/10) -(1/10) +(1/40) 

+(> 1/160) + (1/80) +(>1/160) 

+(1/80) +(1/40) +(1/80) 

+(1/40) +(1/160) +(>1/160) +(1/40) +(>l/160) 

See Table 4. 
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Fig. 3. Lysis. (A.TH x BlO.HTT) anti-A.TL (anti-l-Ak) and BN.WF B cells: Left: 

__ ,Fischer;_._, BN.WF; ..... , BN; _ .. _, BN.DA; ___ , August. Right: 

_._, Buffalo, ___ BlO.A; __ , BlO.HTT; ..... , Unabsorbed. 
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RTl 
haplotype 

RT11 

RTlw 

RTln 

RTla 

RTlc 

RTlb 

RTlm 
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Table 7. RTl Distribution of B Specificities Detected 

by Mouse Anti-la Sera 

B Specificity 

12 13 14 15 16 

1 2 3 4 

1 2 4 5 

1 2 4 5 

1 2 4 

1 2 4 5 

1 2 3 4 

1 2 

17 

6 
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Fig. 4. Profiles of SDS-polyacrylamide gel electrophoresis of indirect immune 

precipitates using the monoclonal anti-I-Ak reagent. (---) denotes reducing 

conditions. (--) denotes nonreducing conditions. Profiles are superimposed for 

comparative purposes. 
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First, two components, a and S, are seen, and these correspond in apparent molecular 

weight to Ia molecules isolated from mice. Second, the a and S components shift 

in apparent molecular weight depending on whether they are electrophoresed 

under reducing conditions (a = 33,000 and S = 31,000) or non-reducing conditions 

(a= 32,000 and S = 27,000). This is consistent with other recent reports (McMaster 

and Williams 1979). Because this sort of analysis using disc gels is relatively tedious 

and inaccurate when comparing large numbers of samples over a period of time, 

we decided to analyze our immunoprecipitates utilizing SDS slab gels and fluorography. 

Accordingly, class II molecules from rat lymphocytes expressing the seven common 

RTl haplotypes were immunoprecipitated and electrophoresed on polyacrylamide 

SDS slab gels. The resulting slab gel profiles have been analyzed and the relative 

intensity of the class II bands are presented in Table 8. The calculated molecular 

weights of the class II molecules immunoprecipitated by mouse anti-la sera are 

presented in Table 9. As an example of these data, the fluorographs of the gel 

profiles of the Fischer and MNR strains are presented in Figure 5. Figure 5 and 

Tables 8 and 9 illustrate several important points. (1) As mentioned above, the 

apparent molecular weights of the rat class II molecules roughly correspond to 

their mouse counterparts. (2) In contrast to the mouse, all tested strains express 

1-E molecules confirming the serological observations described above. (3) The 

pattern of reactivity of class II antigens of these strains with anti-I-A sera differs 

from strain to strain. For example, the (Ax B10.D2)F1 anti-B10.A(5R) (anti-I-Ab) 

antiserum reacts strongly with the Fischer rat strain and very weakly with the 

MNR strain (Table 9, Figures 4 and 5). (4) The molecular weights of the a and 

S subunits of the I-A and I- E molecules differ depending on the strain of rat. 

For example, it is particularly striking that the a and S subunits isolated from 

MNR using anti-I-A sera are very close in molecular weight (a = 33,000 and S = 
31,000) whereas the a and S subunits isolated using the same sera from the Fischer 
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Table 8. Relative Reactivity of Mouse Anti-Ia Sera With Rat Class II Antigens 

Assayed by Immunoprecipitation 

MHC Regions 
Sera recognized BN Fischer August MNR DA Buffalo 

(A. TH x HTT)F
1 aA.TL 

AkBkJk ++ ++ +++ ++++ +++ ++ 

aA k monoclonal Ak ++++ + ++++ ++++ ++ ++ 

A . TL a A.TH i8 + + 

(A x B10.D2)F
1 B10.A(5R) 

KbAbBb + +++ + + + + 

(Bl0 x HTI)F
1 a B10.A(5R) 

EdCk +++ ++++ +++ +++ +++ +++ 

NMS 

WF 

+++ 

+++ 

+ 

+ 

+++ 
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Table 9. Apparent Molecular Weights of the a and 8 Subunits 

Precipitated with Anit-1-A and Anti-1-E Sera 

BN Fischer August MNR BN. DA Buffalo BN. WF 

Anti-I-A a 

B 

Anti-1-E a 

B 

34 

30 

34.5 

28.5 

34 

30 

33 

28 

33 

31 

34 

28 

33 

31 

34 

28 

31.5 

29 

33 

28 

34 

29 

35 

30 

32.5 

28 

34 

28 
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Fig. 5. Fluorographs of SDS-polyacrylamide slab gels electrophoresed under reducing 

condition. a) Fischer rat strain extracts immunoprecipitated with: Lane 1, normal 

mouse serum; Lane 2, A.TL anti-A.TH (anti-:f) but since no Es product has been 

isolated this is denoted As in the figure; Lane 3, (Ax B10.D2)F 
1 

anti-B10.A(5R) 

denoted Ab; Lane 4, (A. TH x Bl0.HTT)F l anti-A. TL denoted A\ Lane 5, monoclonal 

anti-Ak (10-2.16 monoclonal) denoted A\ Lane 6, (Bl0 x HTI)F
1 

anti-B10.A(5R) 

denoted Ek. b) MNR rat strain extracts immunoprecipitated as above except 

Lanes 4 and 5 are reversed. Molecular weight standards were on the other lanes 

(not shown). Gels were overloaded to insure detections of weak reactions. The 

Fischer fluorograph was exposed for 4 days and the MNR for 2 days at -70°C. 
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a) FISCHER 1 2 3 4 5 6 

b) MNR 2 3 4 5 6 

_____ _. _ 

Figure 5 
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strain are considerably different (et = 34,000 and S = 31,000). The converse is 

observed for the class II molecules isolated using mouse anti-1-E serum. Many 

of the other strains exhibit similar molecular weight variations (Table 9). 

Discussion 

The Murine Anti-la Sera Reactions with Rat Lymphocytes Suggest the 

Class II Products of Mice and Rats Are Similar. A panel of anti-la antisera were 

tested in complement-dependent cytotoxicity tests with lymphocytes from seven 

rat strains expressing different RTl haplotypes. Extensive cross-reactions were 

observed on rat cells with mouse anti-la sera. Our results are consistent with 

earlier reported results (Shinohara et al. 1978). Tests on T-cell-depleted (B cell) 

populations with whole lymph node populations demonstrated that most antisera 

reacted with B cells alone with the exception of A. TL anti-A. TH which had additional 

reactivity for T cells in most strains. Absorption analyses of some of these antisera 

demonstrated several points. First, the reactivity of the anti-Ia sera could be 

absorbed completely with mouse cells expressing the appropriate H-2 haplotype, 

and was unaffected by mouse cells expressing the inappropriate H-2 haplotype. 

Second, all rat B cells react with anti-I-Ek serum and share a common specificity. 

Third, reactions of anti-I-Ab and anti-1-Ak sera with rat B cells defined five additional 

specificities, two of which were common to all haplotypes. The specificities detected 

on rat B cells with mouse alloantisera are presented in Table 7. The B (class II) 

specificities described in this communication are consecutively numbered and 

numerically follow those defined by Gotze et al. (1978) (also D. Gotze, personal 

communication). 

Additional Antigens Are Detected by Mouse Anti-la Sera. At least two 

of the antisera contain antibodies to antigens in addition to their anti-la antibodies. 

For example, one of the antisera (Ax B10.D2)F 1 anti-B10.A(5R) contains antibodies 
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b to the H-2K molecules (a class I molecule). However, no reactivity specific 

for class I antigens was observed, as it never reacted with 100% of the lymphocytes. 

In fact, a panel of NIH antisera-specific for H-2K and H-2D antigens were tested 

for reactivity by direct cytotoxic test with rat lymphocytes; no class I reactivity 

was observed (P. Wettstein, unpublished observations). The observation that A.TL 

anti-A.TH kills a large percentage of rat lymphocytes (60-100%) strongly suggests 

that this antiserum reacts with both T and B cells. This is not surprising since 

this antiserum reacts with Tla antigens expressed on thymocytes (L. Flaherty, 

unpublished observations), and reacts with an additional antigen(s) expressed on 

peripheral lymphocytes (Flaherty et al. 1977). 

Immunoprecipitation of Rat Ia Molecules Directly Demonstrate Polymorphism. 

Immunoprecipitation analyses with radiolabeled rat cell surface molecules and 

mouse anti-Ia sera indicate that the sera react with the Ia equivalents in the rat. 

Molecules composed of a and f3 subunits with molecular weights of approximately 

33,000 and 29,000, respectively, were precipitated with anti-Ia sera and Staph A. 

Of particular interest was the observation that the a and f3 subunits of rat Ia 

were polymorphic and their molecular weight apparently varied according to the 

R Tl haplotype. 

The Serological and Biochemical Analyses are Correlated in Several Ways. 

The immunoprecipitation studies and the serological studies correlated in three 

ways. First, both the immunoprecipitation and serological analyses indicate that 

the mouse anti-Ia sera are reacting with rat Ia equivalent. Second, relatively 

higher titered antisera generally precipitated rat Ia more effectively than low 

titered antisera, e.g., (A.TH x B10.HTT)F1 anti-A.TL vs. A.TL anti-A.TH. However, 

it should be noted that this antiserum, A.TL anti-A. TH, reacts well in an immuno­

precipitation assay with mouse cells (Frelinger et al. 1978). Third, the only strains 

strongly reactive with the anti-I-A k monoclonal antibody were strains expressing 
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the B.16 specificity: BN.WF, BN, August, and MNR (absorption analyses not shown). 

The Scarcity of RTl Recombinants May Be Due to a Limitation in the 

Detection Method. The characterization of the RTl system has progressed slowly 

compared to the characterization of the MHCs of mice, guinea pigs and humans. 

This progress has been hindered primarily by the lack of knowledge of the genetic 

organization of the RTl complex due to the low number of documented intra-RTl 

recombinants. Although recombinations have been identified which occurred 

between the two classes of genes, no laboratory recombinants have been reported 

which occurred within either class. The inability to detect recombinations in 

these positions may be due to either a relatively low frequency of recombination 

between these loci or limitations in the typing procedures previously employed. 

There is little information on the importance of either alternative. What is clear 

is that the identification of these recombinants requires the detection of products 

of genes on both sides of the recombinations. One problem is that rat alloantisera 

do not always contain activity for all expected RTl antigens. An analogous situation 

has been observed frequently in mouse alloantisera. Mixed lymphocyte culture 

(MLC) typing suffers from the same limitations. This is exemplified by the lack 

of proliferation in MLC combinations of MNR and August cells (Cramer ~t al. 1977) 

which apparently have a common class II allele while differing at the second class II 

gene (Sporer et al. 1979). The combination of these limitations and perhaps the 

order of the genes in R Tl may severely hinder the detection of certain types of 

intra-RTl recombinations. To overcome these obstacles and to improve the efficiency 

of serologically identifying intra-RTl recombiantions we believed it was important 

to first select serological reagents with defined specificity. The reports of Shinohara 

et al. (1977) and Blankenhorn et al. (1980) suggested to us that cross-reactive mouse 

anti-la sera might be used to detect intra-RTl recombinants. It was with this 

goal in mind that we began the analyses of these cross-reactive anti-la sera. 
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The Mouse Anti-la Cross-Reaction with Rat Class II Molecules Will Be 

Very Useful in Analyzing the RTl Complex. Although our studies demonstrated 

polymorphic cross-reactions between mouse anti-la sera and rat class II antigens, 

we do not believe these antisera will be directly useful in recombinant screens. 

However, the polymorphism in the molecular weights of the a and S subunits 

of rat class II molecules precipitated with mouse alloantisera suggested that mouse 

anti-la sera might be useful in the characterization of rat alloantisera for their 

class II reactivity. For example, we hypothesize that in rat strains where the 

a and S subunits of the two RTl class II gene products differ in their molecular 

weights it should be possible to determine the specificity of rat alloantisera by 

comparing the molecular weights of the a and S subunits precipitated with rat 

alloantisera and the mouse anti-la sera. This approach has proven fruitful in the 

determination of the origins of the class II genes of August and MNR. It has been 

demonstrated by Sporer et al. (1979) and Gotze et al. (1979) that RTl c and RTl m 

have a common class II gene but differ at a second class II gene. The a and S 

subunits of the I-A and I-E equivalents of RTl c and RTl m haplotypes differ in 

their molecular weights. lmmunoprecipitation analysis of rat alloantisera specific 

for RTlc and RTlm class II antigens demonstrated that anti-MNR sera cross-reactive 

with August class II antigens precipitate a and S molecules with characteristics 

of molecules precipitated with anti-I-A k. 

Conversely, August anti-MNR and MNR anti-August sera precipitate 

molecules from their respective strains with characteristics of molecules pre­

cipitated by anti-I-Ek serum. We are continuing these characterizations of rat 

alloantisera in order to reveal the spectrum of their reactivity. 

Through the use of restricted mouse anti-la sera in characterizing rat 

antiserum reactivity, we expect to be able to select reagents which will be useful 

in (1) the identification of intra-RTl recombinants, (2) the determination of the 
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relative role of rat class II antigens as stimulator antigens in MLC, and (3) the 

analysis of the participation of rat class II molecules in regulating antigen presen­

tation, macrophage:T cell, and T:B cell interactions in the humoral response. 
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Appendix 

Analyses of RTl Products using Two-Dimensional Polyacrylamide Gels 

The data presented in this appendix represents an extension of the one­

dimensional gel analyses presented in Chapter VI. Two-dimensional gel analyses 

were carried out as described previously (1) with minor modifications as outlined 

in the Legend to Figure 1. Several conclusions can be drawn from these data. 

1) The two-dimensional gels nicely separate the Class I, the Class II "A" 

and the Class II "E" molecules from one another (Figure 1). 

2) The Class I molecules immunoprecipitated with heterologous rabbit 

anti- 82-microglobulin antiserum are polymorphic (Figure 2). 

3) The Class II molecules immunoprecipitated with murine anti-I-A 

sera are polymorphic (Figure 3). 

4) The Class II molecules immunoprecipitated with murine anti-1-E sera 

are polymorphic (Figure 4) and distinct from the Class II "A" molecules isolated 

using the anti-I-A sera (Figure 3 and Chapter V). 

5) The Class II molecules of the MNR and the August strain of rat are 

identical by this technique (Figures 3 and 4), while the Class I molecules are quite 

different (Figure 2). 

6) A relatively invariant basic polypeptide is present in all the immuno­

precipitations using anti-Ia sera. This polypeptide probably is the rat counterpart 

of the constant or invariant polypeptide previously reported for mice (2). 
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Figure 1. Fluorographs of two-dimensional gels of RTl products. a) Fischer 

Class I molecules isolated using a rabbit anti- 82-microglobulin antiserum. 

b) Fischer Class II "A" molecules isolated using (A.THxB10.HTT)F
1 

anti-A.TL 

(anti-1-Ak). c) Fischer Class II "E" molecules isolated using (B10xHTI)F1 anti­

Bl 0.A(5R) (anti-I- Ek). All samples were loaded on the acidic end of the gel. 

The sample in a) was focused for 10.5 hours while the samples in b) and c) were 

focused for 9.5 hours. 
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Figure 2. Fluorographs of RTl Class I molecules isolated using rabbit anti- s2-

microglobulin. Only the molecular weight range about 45,000 is shown. Rat strains 

are as labeled in the photograph. The position where the standard proteins ribo­

nuclease A, ovalbumin, and hemoglobin focused is shown at the bottom of the 

photo. 



BASIC 
0 

BUFFALO 

BN 

DA 

MNR 

FISCHER 

98 

TWO DIMENSIONAL GEL 
ANALYSIS OF RAT 

CLASS I MOLECULES 

----11---11-11,---------1---- ACID IC 
RNose Hb OVA -© 

Figure 2 



99 

Figure 3. Fluorographs of RTl Class II molecules isolated using mouse anti-I-A 

sera. Only the molecular weight range 25,000 to 40,000 is shown. Rat strains 

are as labeled in the photograph. The position where the standard proteins ribo­

nuclease A, ovalbumin, and hemoglobin focused is shown at the bottom of the 

photo. 
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Figure 4. Fluorographs of RTl Class II molecules isolated using mouse anti-1-E 

sera. Only the molecular weight range 25,000 to 40,000 is shown. Rat strains · 

are as labeled in the photograph. The position where the standard proteins ribo­

nuclease A, ovalbumin, and hemoglobin focused is shown at the bottom of the 

photo. 
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