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Using radiation bone marrow chimeras, we have 
shown that Ia molecules purified from epidermal cell 
preparations of the mouse reflect the Ia phenotype ofthe 
bone marrow donor. This result strongly suggests that 
Ia molecules are synthesized by a bone-marrow-derived 
cell in the epidermis. Furthermore, results of peptide 
map analysis ofimmunoprecipitated biosynthetically la­
beled Ia suggest that the Ia molecules found in skin are 
identical to those found on B lymphocytes. These results 
support biochemical as well as serologic identity. 

The major histocompatibility complex of the mouse (H-2) 
has been the focus of extraordinary interest in the last few 
years. Since the description of Ia antigens, om group and others 
have investigated the role these determinants play in the reg­
ulation of immune responses [1-3]. Although the precise role of 
Ia antigens in immune responses is not yet clear, it has become 
clear that compatibility for !-region-coded genes is necessary 
for effective T cell-macrophage interaction. Furthermore, anti­
sera directed against Ia antigens can inhibit immune responses 
requiring macrophage-T cell cooperation [ 4,5]. Thus, !-region 
antigens must play an important role in the regulation of 
immune responses. 

Reports concer'}ing the tissue distribution ofla antigens have 
been confusing. It is clear that !-region determinants are ex­
pressed by most B cells and at least some macrophages and T 
lymphocytes [6-8]. Results of original studies, using cytotoxicity 
analysis, suggested that Ia was present on a majority of cells 
prepared from mouse skin [7,9,10]. Results of more recent 
studies using immunofluorescence suggest that the !a-positive 
cells are restricted to the Langerhans cell population [11,12]. 
All of these studies are limited since the investigators could not 
be certain that the molecules detected on the surfaces of skin 
and Langerhans cells were identical to those expressed on the 
surfaces of B lymphocytes. We have found that the Ia antigens 
pmified from skin cells are ch emically indistinguishable from 
those of B cells. Using radiation chimeras, we have found that 
the Ia antigens recovered from skin cells are synthesized by a 
bone-derived marrow cell [13,14], almost certainly the Langer­
hans cell. 

MATERIALS AND METHODS 

Mice 

All strains used in these studies either were pw-chased from The 
J ackson Laboratory, Bar Harbor, Maine, or were produced in our 
laboratories at the University of Southern California. 
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Abbreviations: 
NP-40: Shell nonionic detergent-P-40 
SDS: sodium dodecyl sulfate 
Tris: tris(hydroxymethyl)aminomethane 
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Antisera 

All antisera were produced in our laboratories as described by David 
Schreffler, and Frelinger [15]. Sera were produced in congenic mic~ 
with donor/ recipient combinations designed to minimize or eliminate 
differences outside the I region. Sera were prepared by hyperimmuni­
zation with a mixture of spleen, lymph node, and thymus cells. (The 
precise donor:recipient combinations used are shown in the figure 
legends.) Animals were never sensitized with skin grafts. All sera were 
characterized by cytotoxicity on a panel of independent and recombi­
nant strains and by absorption analysis. The monoclonal antibody (10-
2.15) used was provided by the Salk Institute, from a line developed by 
Hen enberg [16]. 

Preparation and Labeling of Cells 

Spleen cells were labeled after clissociation in Hank's balanced sal t 
solution supplemented with 10 mM N-2-hydroxyethylpiperazine-N' -2-
ethanesulfonic acid and 5% dialyzed fetal calf serum. 3H-Tyrosine and 
3H-leucine were added at a concentration of 1 mCi/ml of meclium. 
Epidermal cells were prepared by trypsinization as described by Scheid 
et al [17]. Spleen cells were labeled at a cell density of 2 x 107 / ml for 
5 hr; epidermal cells were labeled at 107/ ml. After incubation with "H­
amino acids, the cells were collected by centrifugation and lysed in 0.01 
M tris(hydroxymethyl)aminomethane (Tris), 0.15 M NaCI, and 0.5% 
Shell nonionic detergent-P-40 (NP-40), pH 7.4. Debris was removed by 
centrifugation. 

Lens culinaris Affinity Chromatography 

Lentil lectin was prepared by the method of Hayman and Crumpton 
[18], and coupled to a cyanogen-bromide-activated Sepharose 4B. The 
NP-40 extracts were passed over the column, and the bound glycopro­
tein fraction was eluted with 0.1 M a-methylrnannoside. 

Immunoprecipitation 

The glycoprotein fraction was incubated with antiserum for 2 h1· and 
precipitated with fixed Staph A for 1 hr. The Staph A was washed 3 
times, and the bound material was eluted with 2% sodium dodecyl 
sulfate (SDS), 2% mercaptoethanol, 50 mM Tris, pH 6.8. The sample 
was loaded on SDS-polyacrylamide gels. After electrophoresis, the gels 
were sliced in 1-mm sections, and the samples were elu ted in 0.01% 
SDS and counted in a liquid scintillation counter. 

Production of Radiation Chimeras 

Chimeras were produced as described by Von Boehmer, Sprent, and 
Nabholz [19]. Briefly, host mice were irradiated with 950 R by means 
of a linear accelerator. Within 24 hr, they received intravenous injec­
tions of 2 X 107 a 0 treated donor bone marrow cells. Animals were 
tested by hemagglutination, lymphocytotoxicity, or both after 3 mo to 
determine the origin of the hematopoietic cells. Only animals with 
complete donor !'(!population were studied. 

RESULTS 

The Ia molecules immunoprecipitated from epidermal cells 
h ad properties identical to those isolated from spleen cells. 
Fmthermore, both A a nd E regional molecules were expressed 
on these populations (Fig 1) . The K transplanta tion molecule 
was similarly precipitated. Comparison of the tryptic peptide 
maps of 3H-tyrosine-labeled spleen and epidermal cells showed 
no differences in the peptide maps of the 1-A molecules (Fig 2). 
These molecules were not contributed by contaminating B 
lymphocytes. Rabbit anti-,u could not immunoprecipitate a ny 
newly synthesized ,u chain. Epidermal cell cultmes with added 
B cells yielded larger ,u than Ia peaks. If significant Ia had been 
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contributed by the B cells, an Ig peak would have been appar­
ent . 

These results, which are consistent with other observations, 
demonstrate that Ia is expressed in epidermal cell preparations. 
They say nothing about the origin of the !a-producing cells. We 
had noted a great deal of heterogeneity in earlier studies on the 
frequency of !a-positive cells in epidermal cell preparations. 
The original report of Hammerling et al [7] mentioned 30%, 
and Klein et al [9] reported that essentially every cell in the 
epidermis was !a-positive by cytotoxicity tests. Later reports 
stated that in human beings [20], guinea pigs [21], and mice 
[11] the only !a-positive cells were Langerhans cells. Results of 
t hese studies, which used immunofluorescence techniques, sug­
gested that only a small number of cells in the skin were !a­
positive. At about the same time, information about immune 
function of the Langerhans cell populations began to emerge 
[22]. We reasoned that if Langer hans cells played an important 
immune function as antigen-presenting cells, they were proba­
bly from a bone-marrow-derived stem cell (as are macrophages) 
and consequently that study of bone-marrow-repopulated ra­
diation chimeras would provide a critical way to examine the 
origin of !a-positive cells in the skin. This supposit ion led to 
several predictions. If the Ia in the epidermis was derived from 
epithelial cells, irradiation and repopulation would have no 
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FIG 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
patterns of Ia molecules isolated by immunoprecipitation from 
BlO.HTT mice. Serum A.TL a nti A.TH was used to isolate I-N 
molecules and A.TH and anti A.TL was used to isolate I-E' molecules. 
A, I-A' from spleen. B, I-A' from epidermis. C, I-E' from spleen. D, I­
E' from epidermis. 
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FIG 2. High-pressure liquid chromatography peptide maps of "H­
tyrosine- labeled I-A molecules. A, I-N, from spleen. B, I-N .. from 
epidermis. C, I-N1, from spleen. D, I-A"1, from epidermis. 
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FIG 3. Sodium dodecyl sulfate-polyacrylamide gel patterns of Ia 
isolated from BlO.A(lR)-> [B lO.A(lR)XBlO]F1 mice. Left, K" but not 
I-A from the recipient. Right, I-A from the bone marrow donor. NS: a 
nonspecific peak, probably actin. 
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FIG 4. Sodium dodecyl sulfate-polyacrylamide gel patterns of Ia 
isolated from [B6XA]F, -> B6 mice. Left, K" and I-A from the recipient, 
from the bone marrow donor, or from both. Right, I-A', which can 
come only from the bone marrow donor. 

effect on the Ia phenotype of skin in such anin1als. Thus, parent 
(P) --> F 1 chimeras would express the F, Ia phenotype, and F 1 

--> P chimeras would express the parental type. On the other 
hand, if the Ia derived solely from Langerhans cells, such 
chimeras would express the reverse phenotype, that is, P--> F 1 

chimeras would express only a parental Ia molecule; an F 1 ___. P 
would express both parental types ofla molecules. Intermediate 
results would also be possible, and would be detected as a 
quantitative variation in the concentration of each type of Ia. 
Therefore, we examined the Ia from tail skin preparations of P 
--> F, and F,--> P radiation chimeras. Figme 3 shows the results 
of P :-+ F, chimeras; only Ia from the bone marrow donor used 
for reconstitution was detected, an indication that only the 
bone-marrow-dedved cells provided the Ia precipitating from 
the skin. However, since the result was negative (ie., we did not 
detect the skin type), it was not by itself conclusive. The 
reciprocal experiment (F,--> P chimeras; F ig 4) showed a direct 
positive result; both pru·en tal Ia haplotypes were detected by 
immunoprecipitation, direct evidence that the Ia was derived 
from a bone marrow cell. Detection of the K transplantation 
molecule in both experiments served as a control that non­
bone-marrow cells were alive and producing appropriate mem­
brane products. 

DISCUSSION 

Om results prove that the majority of Ia molecules detected 
by biosynthetic labeling and subsequent immunoprecipitation 
are derived from cells of bone mruTow origin. These cells are 
almost certainly Langerhans cells. Two important caveats must 
be noted. First, this approach can never show anything but 
synthesis. Epithelial cells in skin might passively pick up Ia 
molecules that have been synthesized by Langerhans cells and 
then shed and passively adsorbed onto then· membranes. Such 
passively acquii·ed Ia might readily be detected under some 
conditions. The shedding and adsorption of molecules has been 
demonstrated recently by Emerson and Cone [23]. * They 

* Cone RE, personal communication. 
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showed that B cell Ia in the spleen can be shed and passively 
adsorbed by other cells. The second possibility is that non­
bone-marrow-derived cells in skin might synthesize Ia them­
selves de novo; however, the turnover time of these cells in the 
membrane is much slower than in Langerhans cells. Conse­
quently, the Ia produced by these cells has a lower specific 
activity and occurs in amounts so small as to be undetectable 
in immunoprecipitation analysis. Such conditions might be 
detectable by radioiodination experiments, but we have not 
examined this possibility. It is important to find out if Langer­
hans cells recirculate through the afferent lymphatics to drain­
ing lymph nodes and become the focus of germinal centers in 
these nodes. Some suggestive evidence for such recirculation 
has been recently reported [24]. An immune function is made 
even more likely by the demonstration of the bone marrow 
origin of the cells. We can now speculate that Langer hans cells, 
Kupffer cells of the liver, blood monocytes, and tissue macro­
phages are all part of the reticuloendothelial system and might 
represent simply different states of the same cell population. 

We thank Drs. L. Hood, S. Hill , and P. Wettstein for their help and 
discussion. 

REFERENCES 
1. Niederhuber JE, Frelinger JA: Ia antigens and their role in immune 

responses. Transplant Rev 30:101-121, 1976 
2. Klein J, Hauptfield V: Ia antigens: Their serology, molecular rela­

tionships, and their role in allograft reactions. Transplant Rev 
30:84-100, 1976 

3. McDevitt HO, Delovitch TL, Press JL, Murphy DB: Genetic and 
functional analysis of the Ia antigens: Their possible role in 
regulating the immune response. Transplant Rev 30:200-235, 
1976 

4. Frelinger JA, Niederhuber JE, Shreffler DC: Inhibition of immune 
responses in vitro by specific antiserums to Ia antigens. Science 
188:268-270, 1975 

5. Schwartz RH, Fathman CG, Sachs DH: Inhibition of stimulation 
of murine mixed lymphocyte cultures with an alloantiserum 
directed against a shared Ia determinant. J Immunol 116:929-
935, 1976 . 

6. Frelinger JA, Niederhuber JE, David CS, Shrefiler DC: Evidence 
for the expression of Ia (H-2-associated) antigens on thymus­
derived lymphocytes. J Exp Med 140:1273-1284, 1974 

7. Hammerling GJ, Ma uve G, Goldberg E, McDevitt HO: Tissue 
distribution of Ia antigens: Ia spermatozoa, macrophages and 

Vol. 75, No. 1 

epidermal cells. Immunogenetics 1:428-437, 1975 
8. Sachs DH, Cone JL: A mouse 'B' cell alloantigen determined by 

gene(s) linked to the major histocompatibility complex. J Exp 
Med 138:1289-1304, 1973 

9. Klein J, Geib R, Chiang C, Hauptfeld V: Histocompatibility anti­
gens controlled by the I region of the murine H·2 complex: 
Mapping of the H·2A and H·2C loci. J Exp Med 143:1439-1452 
1976 ' 

10. Krco CJ, SteinmuUer D, David CS: Expression ofi region products 
on mouse tail epidermis cells. CeLl Immunol 46:239-246, 1979 

11. Tamaki K, Sting! G, Gullino M, Sachs DH, Katz SI: Ia antigens on 
mouse skin are predominantly expressed on Langerhans cells. J 
Immunol 123:784-787, 1979 

12. Rowden G, Phillips TM, Delovitch TL: Expression of Ia antigens 
by murine keratinizing epithelial Langerhans cells. Immunoge­
netics 7:465-478, 1978 

13. Frelinger JG, Wettstein PH, Frelinger JA, Hood L: Epidermal Ia 
molecules from the I-A and I-E,C subregions of the mouse H-2 
complex . Immunogenetics 6:125-135, 1978 

14. Frelinger JG, Hood L, Hill S, Frelinger JA: Mouse epidermal 
molecules have a bone marrow origin. Natw·e 282:321-323, 1979 

15. David CS, Shreffler DC, Frelinger JA: New lymphocyte antigen 
system (Lna) controlled by the Ir region of the mouse H-2 
complex. Proc Natl Acad Sci USA 70:2509-2514, 1973 

16. Oi VT, Jones PP, Goding JW, Herzenberg LA, Herzenberg LA: 
Current Topics in Microbiology and Immunology, val 81. Edited 
by F Melchers, M Potter, and NC Warner. New York, Springer, 
1978, pp 115-130 

17. Scheid M, Boyse EA, Carsell EA, Old LJ: Serologically demonstra­
ble alloantigens on mouse epidermal ceLls. J Exp Med 135:938-
955, 1972 

18. Hayman MJ, Crumpton MJ: Isolation of glycoprotein from pig 
lymphocyte plasma membranes using Lens culinaris phytohe­
magglutinin. Biochem Biophys Res Commun 47:923-930, 1972 

19. Von Boehmer H, Sprent J, Nabholz M: Tolerance to histocompat­
ibility determinants in tetraparental bone marrow chimeras. J 
Exp Med 141:322-334, 1975 

20. Rowden G, Lewis MG, SuLlivan AK: la antigen expression on 
human epidermal Langerhans cells. Nature 268:247-248, 1977 

21. Sting! G, Katz SI, Shevach EM, Wolf-Schreiner EC, Green I : 
Detections of Ia antigens on the Langerhans cells in guinea pig 
skin. J Immunol 120:570-578, 1978 

22. Sting! G, Katz SI, Clement L, Green I, Shevach E. Immunologic 
functions of Ia bearing epidermal Langerhans cells. J Immunol 
121:2005-2013, 1978 

23. Emerson SG, Cone RE: Turnover and shedding of Ia antigens by 
murine spleen cells in culture. J Immunol 122:892-899, 1974 

24. Silberberg-Si.nakin I, Thorbecke GJ, Baer RL, Rosenthal SA, Ber­
ezowsky V: Antigen bearing Langerhans cells in skin, dermal 
lymphatics and in lymph nodes. Cell Immunol 25:137-151, 1976 




