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Proliferative responses of mouse lymphoid 
cells to H-2 alloantigens complexes are strong- 
er when elicited by K-end than by D-end 
specificities (1-4). This was demonstrated in 
vivo by graft-versus-host reactions and in vi- 
tro by mixed lymphocyte interactions. I n  
contrast, survival times of skin grafts are 
similar in mice incompatible for one or the 
other end of H-2 (5 ,  6).  The failure to detect 
differential immunogenicity of alloantigens 
with skin grafts might be due to two reasons: 
( i )  the large excess of lymphoid cells avail- 
able for sensitization to every H-2 antigen in 
intact animals; (ii) the fixed size of skin 
grafts and the limited proliferative activity of 
cells releasing alloantigens. 

In  this report, we describe a protocol 
which overcomes these difficulties and allows 
detection of differential allograft reactivity in 
vivo to D and K-end H-2 antigens. The pool 
of competent host lymphoid cells was re- 
duced by chemical immunodepression; lym- 
phoma cells were used instead of skin tissue 
for transplantation ; and proliferative activity 
of the graft was controlled by chemo- 
the rap y . 

Materials and Methods. Male mice of the 
congenic-resistant lines C57BL/lOScSn or 
B10 ( H - Z b ) ,  BIO.A (H-2“) ,  B10._4(2R) ( H -  

1 Supported in part by US. Public Health Service 
grant AM-13,969 from the National Institute of 
Arthritis and Metabolic Diseases, NIH, Amelrican 
Cancer Society grant T-476, and contract NIH 
70-2035 with Chemotherapy, National Cancer Insti- 
tute. 

2Par t  of this work was done a t  Microbiological 
Associates, Inc., Bethesda, Md., under contract PH- 
43-68-1283 with Chemotherapy, National Ciancer In- 
stitute, NTH. 

Z h ) ?  and BlO.A(5R) (H-27  were used at 
the age of 2-6 months. Mice of all these lines 
differ only at  a chromosome segment of link- 
age group IX which includes either the whole 
H-2 region (B10 and BlO.A), or one of its 
ends (7) .  The allele of BlO.A(2R) differs 
from that of B10 a t  the K end, whereas the 
allele of B10.A( 5R) differs a t  the D end of 

Cells of the transplantable B 10 lymphoma 
51033 (8) were obtained from grossly en- 
larged spleens, suspended in medium 199, 
counted, and injected either by the in- 
travenous (iv) or intraperitoneal (ip) route. 
Mortality due to generalized lymphoma was 
verified by autopsy and recorded for 70 days. 

Cyclophosphamide (CY) and 1,3-bis (2- 
chloroethyl) -1-nitrosourea (BCNU) were ob- 
tained from the Cancer Chemotherapy Na- 
tional Service Center, National Cancer In- 
stitute. The drugs were dissolved in saline 
immediately before use and injected in a 
volume of 0.1 m1/10 g of body weight. 

The animals were assigned by random 
numbers to all treatment groups, which in- 
cluded mice of different ages and strains 
caged together. 

Results. Titration experiments with lym- 
phoma S1033 in untreated mice of the strains 
BIO.A and BlO.A( 2R) were reported else- 
where (9) .  The dose-response relationships 
were similar in the 2 strains and complicated 
by the phenomenon of “dilution escape”: tu- 
mor takes were more frequent in recipients of 
lo3-lo5 cells than in mice injected with lo6 
or 107 cells. To  avoid this complication, inoc- 
ula of lo6 cells were used henceforth. Lym- 
phoma cells were transplanted iv into immun- 
odepressed B10, BlO.A, and BlO.A(2R) 

H-2. 
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mice, and into untreated controls. The drug 
CY was given ip 24 hr before tumor trans- 
plantation at  3 dose levels: 72, 120, and 200 
mg/kg. The grafts took in mice of the strain 
of origin (B 10) regardless of immunodepres- 
sion, and in almost all CY-treated BIO.A 
and B 10.A( 2R) allogeneic recipients. Each 
group included 8-9 mice. The median sur- 
vival times ranged from 11.5 to 15.5 days 
and were not distinguishable by strains. Most 
nonimmunodepressed allogeneic recipients 
rejected the B10 lymphoma cells and sur- 
vived beyond the 70 days of observation. 
Under these conditions, no differences were 
detected in the strength of allograft reactions 
against cells carrying H-2 antigens of the K 
end alone [ B 10.A( 2R) hosts] or of the entire 
H-2 locus (B1O.A hosts). It was concluded 
that the tumor challenge of mice immunode- 
pressed with graded doses of CY was not 
sensitive enough to reveal additive immuno- 
genicity of H-2 antigens. 

If CY-treated mice had residual allograft 
immunity, inadequate to control allogeneic 
tumor growth by itself, i t  should be feasible 
to improve the effectiveness of this immunity 
by combined antitumor chemotherapy. Ad- 
ditive or synergistic effects of the antitumor 
drug BCNU and allograft reactions to weak 
H-1 antigens of lymphoma S1033 were de- 
scribed in a preceding study (10). It is the 
subthreshold level of the residual reactivity 
of CY-treated mice which would eventually 
permit detection of quantitative differences in 
immunogenicity of H-2 antigens. 

Mice of the same 3 strains used in the 
preceding experiment were immunodepressed 
with CY (200 mg/kg, ip) and grafted iv 1 
day later with lo6 lymphoma cells. Each 
group included 8 mice. The animals were 
given a single ip injection of BCNU on the 
fifth day after transplantation. The doses of 
BCNU were reduced by a factor of 3.6 start- 
ing from 50 mg/kg (Fig. 1) .  The dose-re- 
sponse curve for BCNU treatment in syn- 
geneic mice was not affected by pretreatment 
with CY (data not shown in Fig. 1> ,  thus 
ensuring that CY did not interfere with the 
antitumor effect of BCNU. All syngeneic and 
allogeneic animals died with generalized 
lymphomas except those injected with the 
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FIG. 1. Median survival time of mice grafsted iv 
with 10' S1033 lymphoma cells of B10 origin: Re- 
cipients were immunodepressed with a single ip in- 
jection of CY ( 2 0 0  mg/kg) 1 day bdefore transplan- 
tation, and treated with a single ip  injection of 
BCNU 'on 'day. 5. 

toxic dose of 50 mg/kg of BCNU, which 
died before tumor appearance. The I310 and 
the allogeneic recipients of lymphoma cells 
differed, however, with respect to the dura- 
tion of survival. The median survival times 
were longer in the 6 groups of allogeneic mice 
given nontoxic doses of BCNU than in simi- 
larly treated syngeneic controls (Fig. 1). 
Moreover, BIO.A mice differing from BlO at 
the entire H-2 locus, lived longer than 
BlO.A(2R) mice differing from B10 at  the K 
end only. The effect of chemotherapy on the 
rate of tumor growth was related to the 
genetid disparity between host and tumor. 

As this assay for H-2 immunogenicity was 
sensitive enough to distinguish between the 
entire H-2b complex and its K end, a second 
experiment was done using a similar protocol. 
Recipient mice (9 animals/group) belonged 
to the strains B10, BlO.A(2R), and 
BlO.A( 5R). The H-2 incompatibility of the 
latter 2 strains with the B10 lymphoma was 
restricted to K-end and D-end alloantigens, 
respectively. The animals were immunode- 
pressed with 3 doses of CY, i.e., 71, 120, and 
200 mg/kg ip. Lymphoma cells were grafted 
ip instead of iv, and BCNU was injected 
subcutaneously instead of ip to reduce acute 
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FIG. 2 .  Percentage of long-term survivors and 
median survival time (MST) of mice grafted ip with 
lo6 S.1033 lymphoma cells, Recipients were im- 
munodepressed, as indicated with a single ip injection 
of CY 1 day befor’e transplantation, and treated 
with a single subcutaneous injection of BCNU 
on day 5 .  

toxicity. The results are shown in Fig. 2. The 
mortality was 100% in syngeneic B10 mice 
regardless of chemotherapy. However, there 
was a prolongation of median survival time 
directly related with the dose of BCNU. The 
antitumor activity of BCNU was not influ- 
enced by any of the pretreatments with CY, 
as judged from the dose-response curves of 
Fig. 2.  Mortality was greatly reduced by 
chemotherapy in the allogeneic immunode- 
pressed mice, as indicated by the percentage 
of long-term survivors. In  most treatment 
groups, more K-end incompatible BlO.A( 2R) 
than D-end incompatible BlO.A( 5R) mice 
survived tumor challenge. Such a relationship 

was also reflected by consistent and substan- 
tial prolongation of the median survival times, 
which were longer in BlO.A(2R) than in 
BlO.A(SR) mice. This occurred in animals 
immunodepressed by each of the 3 doses of 
CY and subsequently treated with 4 different 
doses of BCNU. The allograft reactions in- 
duced by K-end alloantigens [ B 10 lymphoma 
in B 1O.A ( 2 R) mice] were unequivocally 
stronger than those induced by D-end anti- 
gens [same lymphoma in BlO.A( 5R) mice]. 

Discussion. The greater immunogenicity of 
H-2 alloantigens associated with the K end 
has now been observed in three systems: 
lymphoma cells used in this study to chal- 
lenge immunodepressed mice ; normal lym- 
phoid cells used in one-way mixed lympho- 
cyte interactions ( 3 ) ;  and normal target cells 
of graft-versus-host reactions ( 1 ,  2, 4).  All 
three systems tested allograft reactivity. The 
similarity of results obtained with normal 
and neoplastic cells make it unlikely that the 
differential immunogenicity described here 
merely resulted from altered expression of 
H-2 antigens in the serially transplanted lym- 
phoma. Instead, i t  is conceivable that mice 
sharing the C57BL/10 background are better 
“genetic responders” to K-end than to D- 
end alloantigens of the H-2b allele. Indeed, 
C57BL-derived mice are “genetic nonrespond- 
ers” for humoral antibodies to the D-end 
specificity H-2.2 (11). This could imply that 
differential immunogenicity is not an inher- 
ent property of the alloantigens under test, 
but rather the expression of cellular compe- 
tence for recognition of, or reactivity to given 
antigens. Gene tic control of transplantation 
immunity has recently been described for 
reactions to the murine male antigen H-Y of 
skin tissue (12-14) and to H-2 antigens of 
bone marrow cells (15, 16). 

I t  should be noted that the immuno- 
pharmacologic approach was essential for de- 
tecting the additive immunogenicity of H-2 
alloantigens which eluded other test systems 
in vivo (1, 2, 5, 6) .  Although it requires 
proper administration of cytotoxic drugs, this 
assay proved to be manageable and a partic- 
ularly sensitive tool for immunogenetic an- 
alysis. 

Summary. Allograft reactions directed 
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against antigens of the entire H-2b allele or 
of its K and D ends were compared in 3 
congenic-resistant strains of mice sharing the 
C57BL/10 background. Lymphoma cells of 
B 10 origin were transplanted into partially 
immunodepressed mice ; residual host anti- 
graft immunity was potentiated by a single 
administration of the antitumor agent 
BCNU. The immunogenicity of H-2b com- 
ponents was distinct and additive, with 
strength of elicited allograft reactions de- 
creasing in the following order: D + K >  
K>D. 

We thank Mr. S. M. Poiley of the Mammalian 
Genetics and Animal Production Section, CCNSC, 
National Cancer Institute, for breeding and provid- 
ing mice of the congenic-resistant lines. 
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