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Summary. Serum from C3H/He mice, which show regres-
sion of MM2 tumor cells after transplantation and removal
(regressor serum, RS) contains non-gammaglobulin com-
ponents that cross-react with various tumor cells of mice
[22, 23]. In addition to tumor cells, various allogeneic
lymphocytes are also susceptible to an RS-dependent lym-
phocyte-mediated cytotoxic reaction. To identify tumor
cell surface antigens that cause the cross-reactive host re-
sponse, the serum components were analyzed by absorp-
tion of RS with allogeneic lymphocytes. RS components
were found to recognize allogeneic lymphocyte antigens
including Qa-2 and Ly6.2. Specificity for the Qa-2 antigen
was further tested using Qa-2-congenic mice. The expres-
sion of Qa-2 antigen was detected on the surfaces of MM2
and other tumor cells derived from H-2k mice (seven
among nine cell lines tested) by a membrane immuno-
fluorescence method using a Qa-2-specific mAb. Physical
characteristics of the Qa-2-specific component in RS were
determined and found to differ from those of regular IgGs
but to be similar to those of IgDs. Using an enzyme-linked
immunosorbent assay with an IgD-specific mAb and Qa-
2—lacZ fusion protein, the existence of IgD in RS with
specificity for Qa-2 was confirmed. These results suggest
that the RS component with Qa-2 specificity is an IgD, the
specificity and physiological role of which are unknown.
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Introduction

Some established lines of transplantable ascites tumor cells
of mice lose expression of H-2 antigens and thereby gain
nonspecificity, becoming transplantable on allogeneic
mice. It is presumed that these cells will be poor targets of
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H-2-restricted reactions by the hosts, but some cause
strong reactions in syngeneic host mice even when the
animals have not received specific immunization with the
tumor antigens. These mice generally respond well to treat-
ment by nonspecific immunopotentiating agents. In addi-
tion, the transplanted tumors sometime show regression
after growth simply by removing most of the tumor cells.
These properties have led to the proposal that such tumor
cells strongly express cell-surface antigens that are targets
of an H-2-nonrestricted response of the hosts. Although the
biological properties of such H-2-deficient cell lines may
not fully represent those of the primary tumor cells, they
are nonetheless useful for obtaining information concern-
ing cell-surface molecules responsible for H-2-nonre-
stricted immune reactions by the hosts.

The MM2 ascites tumor cell line, derived from a virally
induced mammary tumor of C3H/He mice, is one such cell
line. When MM2 cells are transplanted to the peritoneal
cavities of C3H/He mice and are removed together with
ascites after full growth of the ascitic cells, a considerable
percentage of mice show complete regression of the tumor
[8]. The regressor mice have random resistance against
transplantation of MM2 and other tumor cells. When re-
gressor mice are challenged with MM2 cells repeatedly
they reject the inoculum and produce gammaglobulin anti-
body that inhibits transplantation of MM?2 cells. The serum
from the regressor mice (regressor serum, RS) obtained
before the challenge also showed the ability to inhibit
transplantation of the tumor cells [22]. Furthermore, RS
can agglutinate a wide range of mouse ascites tumor cells
[24] and lyse various tumor cells by a lymphocyte-medi-
ated reaction [23]. All of these activities are mainly as-
sociated with non-gammaglobulin serum components,
which so far are not clearly identified in RS. The wide
target selectivity of the reactions is also enigmatic.

In the present study, the selectivity of the RS-dependent
reactions is analyzed by identifying the tumor cell-surface
substances that give rise to cross-reactive serum com-
ponents in the host mice. The serum component that has
binding specificity to one such cell-surface substance was
partially characterized and found to be an IgD.
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Table 1. H-2, Ly, Qa and TL phenotypes of various mouse strains used in this study

Strain H-2

—

Ly-2 Ly-3 Ly-4

Ly-5

Ly-6 Ly-7 TLa

C3H/He
C3H-Ly6.2
CBA

CE

AKR

Cs8
BALB/c
DBA/2
DBA/1

Al
C57BL/6
B6.K1
B6.K2
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Materials and methods

Animals. Thirteen syngeneic mouse strains with known Qa, TL and Ly
phenotypes (listed in Table 1) were used [9, 10]. B6, B6.K1 an B6.K2 are
congenic with respect to the Qa-1, Qa-2 and Qa-3 antigens [21]. C3H/He
and C3H-Ly6.2 are congenic regarding allotypes of the Ly6 antigen. The
B6.K1, B6.K2 and C3H-Ly6.2 strains were generously provided by Dr.
T. Takahashi of the Aichi Cancer Center Research Institute and main-
tained in our laboratory.

Tumor cells. MM2, MM46, MM48, MM102D, FM3A, MHI34,
MH125F, MH125P and X5563 cells were maintained by serial passages
in the peritoneal cavities of C3H/He mice. MM46, MM48, MM102D,
FM3A, MH125F and MH125P cells were kindly provided by Dr. H.
Nagayama of the Research Institute for Tuberculosis and Cancer, To-
hoku University. MM2, MM46, MM48 MM 102D and FM3A cells were
derived from virally induced mammary carcinoma of C3H/He mice.
MH134, MH125F and MH125P were derived from chemically induced
hepatomas of C3H/He mice. Meth A cells, derived from chemically
induced hepatoma of BALB/c mice, were maintained also as ascites cells
by passages in the syngeneic host mice. EL-4 cells derived from the B6
strain were maintained as ascites cells in B6 mice. BW5147 cells, derived
from lymphoma of AKR mice, were maintained as an in vitro cell line.

Antibodies and complement. Qa-2-specific monoclonal antibody (mAb)
of the IgG2b class (141-15.8) [16] was purchased from Australian Mono-
clonal Development, NSW. Rat mAbs specific to mouse IgG2b and to
mouse IgD and the peroxidase derivative of the latter were purchased
from the Meiji Institute of Health Science, Kanagawa, Japan. A mouse
mAb (IgG2b class) specific to an anti-bacterial component (NusA pro-
tein of E. coli) was kindly provided by Dr. Y. Nakamura of this laborato-
ry and was used as a mAb not related to tumor cell-surface antigens.
F(ab’)2 of goat antibody specific to mouse immunoglobulin and its fluo-
rescein isothiocyanate (FITC) derivative were from Tago, Inc.,
Burlingame, Calif. Fab’ of goat antibody specific to mouse immunoglob-
ulin was prepared by reduction of the F(ab"), with 2-mercaptoethylamine
and separation with Sephacryl S-200. Preabsorbed rabbit serum, used as
a complement source, was from Ceder Lane Laboratories, Westbury,
N.Y.

Regressor serum (RS). Regression of MM?2 ascites tumor cells in
C3H/He mice was induced as reported previously [8]. The regressor mice
were bled by heart puncture under ether anesthesia. Serum (RS) was
separated from the blood and stored at ~60° C until used.

Adsorption of RS. For adsorption studies, RS was used after depletion of
immunoglobulins by precipitation with ammonium sulfate at 0.35 satura-
tion and then by starch-gel zone electrophoresis as described below. The
resulting material was used as gammaglobulin-depleted RS although it

may still contain some gammaglobulins. Gammaglobulin-depleted RS
was diluted to 100 times the original volume of RS with RPMI-1640
medium supplemented with 7% fetal calf serum (FCS). A 1-ml sample of
this solution was mixed with 2 x 107 lymphocytes (splenocytes or mix-
ture of splenocytes and mesenteric lymph node cells), which had been
freed of erythrocytes by the ammonium chloride method [1] and washed
three times with Eagle’s minimum essential medium (MEM), or with
(4—-6)x 100 ascites tumor cells washed in the same way. The mixture
was incubated at 25° C for 30 min and then at 0°C for 60 min. The cells
were removed by centrifugation at 1000 rpm for 5 min. In the case of the
adsorption with lymphocytes, the procedure was done twice. The result-
ing supernatant was used as the adsorbed RS.

Assay of cytotoxicity. Splenocytes of C3H/He mice, obtained 3 days after
intraperitoneal transplantation of MM2 cells, were used as the effector
cells of the RS-dependent in vitro cytotoxicity reaction [23]. The effector
cells (1x106) were mixed with 1x 104 51Cr-labelled target cells in
0.5 ml RPMI-1640 medium supplemented with 7% FCS. In adsorption
studies, the gammaglobulin-depleted RS before or after the adsorption
was added at a final concentration of 500 x dilution of the original RS.
MM2 and various lymphoblasts were used as the target cells. The mix-
ture was incubated for 18 h in the case of tumor cells and 7 h in the case
of lymphoblasts at 37°C in a COz incubator. The cytotoxicity was ex-
pressed in terms of percentage specific lysis [23]. All determinations
were carried out in duplicate. In the adsorption studies, results of re-
peated or different experiments were normalized by expressing them in
terms of percentage decrease of the RS activity. Complement-dependent
cytotoxic activity was assayed by the dye-exclusion method with mesen-
teric lymph node cells as the target cells [2].

Serum protein fractionation. A serum protein subfraction, precipitated
between 0.35 and 0.50 saturation of ammonium sulfate at 4°C, was
fractionated by starch-gel zone electrophoresis using a starch block of
10x 40 x 1.5 cm buffered with 0.07 M barbital buffer (pH 8.6). The
hydrolyzed starch for gel electrophoresis was purchased from Connaught
Laboratories, Willowdale, Ontario. After electrophoresis for 24 h at 4°C
at 35 mA, the gel was cut into 1-cm-wide blocks and each gel portion was
eluted with 10 ml water. The resulting B-globulin fraction was dialyzed
against 0.01 M TRIS/HCI buffer (pH 8.6), applied on a 1-ml Mono-Q
column of fast protein liquid chromatography (FPLC) apparatus (Phar-
macia, Uppsala) and was eluted with a 0—0.5 M linear gradient of NaCl
in the same buffer [25]. After rechromatography, an active fraction with
symmetrical elution profile was obtained.

Radioiodination of the protein and polyacrylamide gel electrophoresis.
The FPLC-purified material (10 pug) was labelled with 1257 by the
chloramine T method [5] using 1 mCi carrier-free sodium [!125]}-iodide
(NEN). The labelled material was separated from the free iodide by
passage through a column of Sephadex G-50. Polyacrylamide gel elec-
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Table 2. Adsorption of regressor serum (RS) activity with various tumor
cells

Tumor cells Origin of Decrease of RS activity (%)
used for tumor cells with MM?2 target cells?
adsorption

MM2 C3H/He 933+ 41

MM46 C3H/He 739+ 7.0

MM438 C3H/He 29+17.8

X5563 C3H/He 14.0+134

Meth A BALB/c 602+ 7.3

EL-4 C57BL/6 66.9+13.4

2 Means + SE of the results of two or three experiments. Percentage
specific lysis of MM2 in the presence of unadsorbed material was
314+6.8%

Table 3. Adsorption of RS activity with lymphocytes from mice of
various strains

Decrease of RS Origin of lymphocytes used for adsorption?
activity? (%)

0- 5 C3H/He (k), CBA (k)

5- 20 None
21— 40 CE (k), AKR (k)
41- 60 C58 (k), BALB/c (d), DBA/1 (g), AJ (a)
61— 80 C57BLI6 (b), DBA/2 (d)
81100 None

2 Mean values of the results of two experiments in which MM2 cells
were used as the cytotoxicity target cells
b H-2 haplotypes are shown in the parentheses

trophoresis (PAGE) of the labelled material was carried out using 7.5%
or 10% gels containing 0.1% sodium dodecyl sulfate (SDS) [3]. Two-di-
mensional PAGE was carried out using nonequilibrium pH gradient
electrophoresis in the first dimension and SDS-PAGE after reduction of
the material in the second dimension [13].

Detection of Qa-2 antigen by flow cytometry. A T-cell-enriched fraction
was obtained from mouse splenocytes by adsorption to nylon wool [7].
Mouse ascites tumor cells were harvested 4—6 days after intraperitoneal
transplantation. BW5147 cells were harvested at subconfluent stage. The
cells were washed two times with MEM. Cell-surface immunoglobulins
of the contaminating B cells were blocked by treating with the Fab’
fraction prepared from a goat anti-(mouse immunoglobulin) antibody for
60 min at room temperature. The cells were then reacted with Qa-2-spe-
cific mAb (141-15.8, 200 x dilution). As controls, normal B6.K1 mouse
serum or the mAb against a bacterial component were used. The cells
were incubated with the mAb for 90 min and then with the FITC-labelled
F(ab’) fraction of goat antibody specific to mouse immunoglobulin for
60 min at room temperature. All reagents were diluted in MEM contain-
ing 10% goat serum and 1% bovine serum albumin (BSA). Incubations
were carried out in 50-ul volumes and the cells were washed two times
after each incubation with phosphate-buffered saline (PBS) using centrif-
ugation at 5000 rpm for 2 min in a microcentrifuge. The FITC-labelled
cells were fixed with 1% paraformaldehyde and stored at 4° C until they
were analyzed using a FACSII apparatus (Becton Dickinson, Mountain
View, Calif.).

Detection of serum IgD by enzyme-linked immunosorbent assay (ELISA).
For the detection of Qa-2-specific IgD, a fusion protein constructed from
extracellular domains of Qa-2 antigen and B-galactosidase was used.
Production of the fusion protein in E. coli by isopropylthiogalactoside
induction is described elsewhere [15]. The cells after the induction were
harvested, lysed with 50% acetic acid, centrifuged to remove insoluble
materials, made 1% with respect to BSA, dialysed extensively against

PBS and used for ELISA. Flat-bottomed 96-well plates (Immunoplate,
Nunc) were coated either with the E. coli extract or with sheep anti-
(mouse IgD) serum both diluted with 50 mM carbonate buffer (pH 9.0)
and then re-coated with 3% BSA. To each of the precoated and washed
wells, 50 pi sample serum, serially diluted in PBS, was added and kept
for 2 h at room temperature. The solution was discarded and the wells
were washed three times with PBS. Then 50 pl solution of peroxidase-
labelled rat mAb specific to mouse IgD, diluted with 1% BSA, was
added. After standing at room temperature for 1 b, the solution was
discarded and the wells were washed four times with PBS. A 100-ul
sample of a mixture of 2,2’-azino-di-(3-ethylbenzthiazoline sulfonate)
solution and hydrogen peroxide solution (Kirkegaard and Perry Labora-
tories, MD) was then added to each well and allowed to stand for 5 min
at room temperature; the reaction was terminated by adding 100 pl 1%
SDS solution. The absorbance at 410 nm of the solution was determined.

Results
Recognition specificity of RS factors

It has been reported that splenocytes, obtained from
C3H/He mice bearing ascites tumor cells 3 days after in-
oculation, lyse certain syngeneic (MM2, MM46 etc) and
allogeneic (Meth A, EL-4 etc.) tumor cells by an RS-de-
pendent cellular cytotoxic reaction. Some syngeneic tumor
cells (MMA48, X5563 etc.) were lysed less strongly by the
reaction [23]. In this study we found that the activity of RS
decreased after preincubation with tumor cells that were
susceptible to the reaction. The decrease was lower when
the tumor cells that were resistant to the reaction were used
(Table 2). These results suggest that the active components
in RS (referred as RS factors) had adsorbed to the target
cell surface. Susceptibility of the allogeneic tumor cells in
general prompted us to consider the possibility that RS
factors recognize allogeneic antigens that might be ex-
pressed illegitimately on the tumor cell surface. To test this
possibility, RS was adsorbed by lymphocytes obtained
from mice of various strains and assayed using MM2 target
cells. As shown in Table 3, the active components of RS
were adsorbed by lymphocytes with H-2 haplotypes of k
(CE, AKR and C58) and those with H-2 haplotypes other
than k (B6, BALB/c, DBA/2, DBA/1 and A/]), but not by
lymphocytes from C3H/He and CBA mice (both H-2k).
After correlating the results of the adsorption studies with
the various allotypes of lymphocyte antigens, we speculat-
ed that the RS activity was related to allotypes of lympho-
cyte marker antigens coded by genes in the Qa/Tla region
and also to allotypes of Ly groups. The results shown in
Table 3 confirm this idea since adsorption of the RS factors
occurred when allotypes of one or some of the antigen in
the Ly group of lymphocytes differed from those of
C3H/He, or when one or some of the Qa/TL antigens were
expressed on the lymphocytes. In order to test this hypoth-
esis further, double-absorption experiments were perform-
ed (Table 4). Partial decrease of the RS activity was ob-
served after incubation with C58 lymphocytes. The
decrease of the activity after this absorption suggests that
RS contains factor(s) that bind to one or some of the Ly1.2,
Ly3.1,Ly6.2,Ly7.1,Qa-1 and TL antigens, on the assump-
tion that antigens of the Qa/TL or Ly groups are binding
targets for RS factors. Factors that bind to either Ly2.2,
Ly4.2, Ly5.2, Qa-2 or Qa-3, if the serum had any of them,



Table 4. Double absorption of RS activity with lymphocytes from mice
of various strains

Origin of lymphocytes used Decrease of RS activity (%)

with MM2 target cells?
1st absorption 2nd absorption
C58 C3H/He 37.8+11.5
C57BL/6 974+ 2.6
B6.K1 33.1+ 22
B6.K2 94.1+14.4
DBA/1 99.6+ 6.3
BALB/c 50.7+ 6.8
C57BL/6 C3H/He 575+ 43
A/l 957+ 1.1
A/Y C3H/He 384+ 5.6
C57BL/6 924+ 0.8
DBA/2 96.0+ 2.8
DBA/1 428+ 0.4
BALB/c 552+ 04

2 Means + SE of the results of two experiments. RS preadsorbed
doubly with C3H/He lymphocytes was used in the control experiments,
and the values were 27.0+3.0% for C58 (1st absorption), 25.4+1.0%
for C57BL/6 (1st absorption), and 25.0+1.3% for A/J (1st absorption)

would remain unadsorbed. The remaining activity
decreased almost completely on incubation with B6,
B6.K2 or DBA/1 lymphocytes. Neither B6.K1 nor
BALB/c lymphocytes adsorbed the active factor in the
preadsorbed RS significantly. These results suggest that
the Qa-2 antigen adsorbs some of the factors. Likewise,
possible contributions to the reaction by the antigens of the
Qa-1/TL group were also investigated by adsorption of RS
with B6 Iymphocytes and then with A/J lymphocytes. The
result indicated that one or some of the antigens that belong
to the Qa-1/TL group may adsorb some portion of the RS
factors. The activity of RS preadsorbed with A/J spleno-
cytes and assayed using MM2 targets decreased almost
completely after incubation with DBA/2 or B6 lympho-
cytes, but not after incubation with DBA/1 or BALB/c
Iymphocytes. This suggests that the Ly6.2 antigen adsorbs
a part of the RS activity. Taken altogether, these results
show that MM2 cells express Qa-2, Ly6.2 and some an-
tigens in the Qa-1/TL group, and that RS contains multiple
factors that bind specifically to each one of them. Pheno-
types of all of these antigens are allogeneic to C3H/He
mice. The results of the double-adsorption studies shown
above also show that RS does not contain detectable
amount of factors that recognize Qa-3, Ly2.2, Ly3.1,
Ly4.2,Ly5.2 and Ly7.1.

In agreement with the above observations, various allo-
geneic lymphoblasts that express one or some of these
antigens (CE, C58, C57BL/6, B6.K1, B6.K2, DBA/1,
DBA/2, A/J and C3H-Ly6.2), but not C3H/He and AKR
lymphoblasts, were lysed by the RS-dependent cell-medi-
ated reaction (Table 5). The lysis of C3H-Ly6.2 lympho-
blasts but not C3H/He lymphoblasts directly shows the
contribution of the Ly6.2 antigen. The presence of a Qa-2-
specific factor was confirmed by adsorption of the RS
activity by lymphocytes of Qa-2,3-congenic mice (Table
6). The activity of RS to support lysis of B6 and B6.K2
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Fig. 1A L. Detection of Qa-2 antigen on various tumor cells derived
from H-2¥ mice and lymphocytes. Qa-2-specific mAb 141-15.8 ( )
was used, and a mAb specific to a bacterial component (— — — —) was used
as a negative control. Tumor cells used were MH134 (A), MH125F (B),
MH125P (C), MM2 (D), FM3A (E), MM102D (F), MM46 (G), MM48
(H) and BW5147 (I). A nylon-wool-nonadherent fraction of splenocytes
from C3H/He (J), B6.K1 (K) and B6.K2 (L) mice was also examined

lymphoblasts was adsorbed only partly by B6.K1 but
completely by B6 or B6.K2 lymphocytes.

Demonstration of the Qa-2 antigen by flow cytometry

The presence of the Qa-2 antigen on the surface of MM2
and several other tumor cell lines derived from H-2k
(Qa-2-) mice was demonstrated more directly by the mem-
brane immunofluorescence method using Qa-2-specific
mADb 141-15.8. As shown in Fig. 1, significant Qa-2-spe-
cific fluorescence was detected reproducibly in seven of
the nine cell lines tested. These results show that expres-
sion of the Qa-2 allo-antigen on tumor cells is not an event
specific to MM2 cells but is common among various lym-
phoma and nonlymphoma cell lines and seems to account
partly for the wide target selectivity of the RS-dependent
reaction.

Characteristics of the Qa-2-specific RS factor

Among multiple factors recognizing allo-antigens pre-
sumed to be present in RS, the specificity of a factor to
Qa-2 was most clearly demonstrated as described above.
We therefore focussed our attention on this factor for
further characterization. By ammonium sulfate precipita-
tion and preparative electrophoresis of the serum protein,
the activity to support the cell-mediated lysis of B6 lym-
phoblasts, but not of B6.K1 lymphoblasts, was found
mainly in the B-globulin fraction. This fraction was then
fractionated by FPLC using the Mono-Q column. The ac-
tive component was eluted at 0.30 M NaCl, whereas al-
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Table 5. RS-dependent cell-mediated lysis of various lymphoblasts

Origin of the Specific lysisb (%)
target lymphoblast?
Without RS With RS¢

C3H/He 03+12 42+ 52
C3H-Ly6.2 0.04+0.6 30.5+125
CE 04+0.3 20.1+ 35
C58 0.2+0.4 316+ 5.1
C57BL/6 52+48 37.5+12.0
B6.K1 0.1+0.2 332+ 49
B6.K2 0.1+03 37.1+ 7.0
DBA/1 48+53 32.8+ 27
DBA/2 2.3%32 314x 15
Al 03+02 367+ 1.2

2 Lymphoblasts were prepared by culturing the lymphocytes in the
presence of 5 pg/ml concanavalin A (Sigman, St. Louis) for 3 days

b Means + SE of the results of two experiments

¢ Gammaglobulin-depleted RS was added at a final concentration of
500 dilution

Table 6. Demonstration of Qa-2 specificity of RS activity by adsorption
studies

Lymphocytes used Decrease of RS activity® (%)
for adsorption with target lymphoblasts

B6.K1 B6.K2
C3H/He 0.0+1.0 -1.9+11.9
B6.K1 95.8+8.1 11.6+17.8
B6.K2 95.1+3.9 9.9+ 14

2 Means = SE of the results of two experiments. Gammaglobulin-de-
pleted RS was adsorbed with lymphocytes and added to the reaction
mixture at a final concentration of 500 x dilution. Values of percentage
specific lysis of B6.K1 and B6.K2 lymphoblasts in the presence of
unadsorbed RS were 28.3 % 1.2% and 35.4+2.2% respectively

most all of the mouse mAbs of the IgG subclasses and
those of the IgM class were eluted at around 0.25 M and
0.35 M NaCl positions respectively. The semi-purified ma-
terial was also tested for complement-dependent cytotoxic
activity against Qa-2+ lymphocytes. Complement-depen-
dent lysis of B6 mesenteric lymph node cells by the FPLC-
purified material was not detected even when 35 g protein
was used per assay. On the other hand, Qa-2-specific mAb
of the 1gG2b class lysed the same target cells in the pres-
ence of complement at an antibody concentration as low as
less than 0.5 ug protein/assay. To characterize further the
Qa-2-specific RS component, the FPLC-purified material
was radiolabelled with 1251, preadsorbed with C58 lympho-
cytes, adsorbed to the surface of Qa-2+ cells and analyzed
by SDS-PAGE or by two-dimensional PAGE followed by
autoradiography (Fig. 2). About 2% of the total radioactiv-
ity was observed to bind specifically to the cells. The
relative mass of the bound material under non-reducing
conditions was estimated to be 160 kDa. Under reducing
conditions, it showed bands with relative masses of ap-
proximately 50 kDa and 25 kDa. These results revealed
that the material had a heavy and light chain structure
similar to that of IgG. The two-dimensional gel electro-
phoresis of the labelled material showed that it was com-
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Fig. 2A, B. Autoradiograms of the 25I-labelled regressor serum (RS)
component adsorbed to cells and analyzed by polyacrylamide gel electro-
phoresis (PAGE). Approximately 100 ng radiolabelled fast-protein-lig-
uid-chromatography-purified material was dissolved in 0.2 ml Eagle’s
minimum essential medium (MEM) containing 7% fetal calf serum. The
solution was mixed with 2 x 107 C58 mesenteric lymph node cells and
kept at room temperature for 60 min and then on ice for 30 min. The cells
were then washed twice with MEM and dissolved in 50 (il 50 mM TRIS
buffer (pH 6.8) containing 4% sodium dodecyl sulfate (SDS), 10%
glycerol, with or without addition of 10% 2-mercaptoethanol. The mix-
ture was heated at 100°C for 5 min and centrifuged at 5000 rpm for
2 min. The supernatant wa analyzed by gel electrophoresis. A One-di-
mensional SDS-PAGE under non-reducing (a) and reducing (b) condi-
tions; a 7.5% polyacrylamide gel was used. Positions of migration of
standard substances with known molecular mass (kDa) are shown. B Pat-
tern of two-dimensional gel electrophoresis. The material under non-re-
ducing conditions was separated by nonequilibrium pH gradient gel
electrophoresis for the first dimension, reduced and then electrophoresed
through a 10% gel containing 0.1% SDS for the second dimension
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Fig. 3A, B. Enzyme-linked immunosorbent assay for IgD in RS and
normal C3H/He serum. Microtiter plates coated with Qa-2-lacZ fusion
protein were used for the detection of Qa-2-specific IgD (A) and those
coated with sheep antiserum monospecific to mouse IgD were used for
the detection of total serum IgD (B)

posed of four or more components with isoelectric points
ranging approximately from 5.5 to 6.5 and all having heavy
and light chain structures. On the basis of these characteris-
tics we speculated that the Qa-2-specific factor was an IgD
(see Discussion), and this possibility was tested using an



ELISA with Qa-2-specific mAb and microtiter plates
coated with Qa-2—lacZ fusion protein. As shown in Fig. 3,
Qa-2-specific IgD was detected in RS whereas it was not
detected in the serum of normal adult C3H/He mice. In
accordance with the appearance of the Qa-2-specific IgD,
an increase of the total amount of serum IgD was also
detected in RS compared to the normal control serum.
Minor amounts of Qa-2-specific IgG2a and IgG2b were
also detected in RS by ELISA using the fusion-protein-
coated plates and peroxide-labelled rat mAbs specific to
mouse IgG2a and [gG2b respectively. Qa-2-specific IgG2a
and IgG2b were not detected in the FPLC-purified material
while Qa-2-specific IgD was detected in it (data not
shown). From these results, it is very likely that the Qa-2-
specific activity in RS is mediated by an IgD.

Discussion

Results of the present study indicate that MM?2 cells ex-
press antigens on their surfaces to which host C3H/He
mice responded by producing antibodies that are cross-re-
active to allogeneic lymphocyte antigens including Qa-2,
Ly6.2 and some antigens in the Qa-1/TL group. These
conclusions were drawn from all of the results obtained
using splenocytes from the 13 different mouse strains used.
Similar experiments showed that some of the Qa-1, Qa-2
and TL antigens may also be expressed on Meth A cells
derived from a BALB/c hepatoma (data not shown). In the
Qa/Tla gene region, which is adjacent to the H-2 region of
mouse chromosome 17, numerous non-classical histocom-
patibility class 1 antigen genes are tandemly arranged.
They are highly conservative whereas H-2 genes are poly-
morphic. The physiological roles of the non-classical his-
tocompatibility class 1 antigens are not yet known. How-
ever, it has been shown that serologically defined Qa-2
antigens detected on lymphocytes are coded for by the Q7
and Q9b genes of the Qa-2,3 subregion of B10 mice (H-2b)
and by the Q74 gene of the Qa-2+ subline of BALB/c mice
(H-24)[11, 18, 27]. In contrast, Watts et al. (1989) reported
that H-2k mice lack the genes for Q7 and Q9. Therefore the
Qa-2 molecule expressed on tumor cells derived from H-2k
mice should be the product of a gene or genes other than
Q7 and Q9. We reported elsewhere that the serologically
defined Qa-2 molecule expressed on H-2k tumor cells
(Qa-2k antigen) is encoded by the Q5% gene, and is distinct
from the Q7 gene product in some respects [15]. The
results shown here, however, do not concure with this since
the Qa-2-specific factor in RS, which was assayed using
the tumor cells expressing the Qa-2k antigen, adsorbed to
lymphocytes expressing the Q7 or Q9 gene product. This
result shows that the RS factor produced as a host response
to Qa-2k tumor antigen cross-reacts with the normal Qa-2
allo-antigen. Many human as well as mouse tumor cells
have been reported to express cell-surface antigens cross-
reactive with those expressed on normal cells of unrelated
individuals of the same species [14]. Also, cytotoxic T
lymphocytes to human leukemia cells are generated by in
vitro sensitization of the peripheral blood T cells of the
patients with allogeneic normal lymphocytes [28]. These
reports indicate that tumor antigens that have potential
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immunogenicity in the hosts include those cross-reactive to
allogeneic lymphocyte antigens. The results presented here
reveal the possibility that at least some such tumor antigens
are non-classical histocompatibility class 1 antigens. In-
volvement of non-classical histocompatibility class 1 an-
tigens in the immunological responses by patients with
malignancies will be a subject of investigation for the
development of a novel means of cancer immunotherapy.

Serum IgD is a minor component of immunoglobulins.
IgD are found in the B-globulin fraction of serum proteins
and comprise acidic glycoproteins [6], whereas IgGs in
general are basic proteins. IgD has a structure composed of
heavy and light chains like IgGs, but does not interact with
Clq of the complement system [19, 20]. It has also been
reported that there are two forms of mouse serum IgD. One
has a molecular mass of about 170-200 kDa, while the
other, which lacks the C1 domain of the heavy chains, has
a molecular mass of approximately 150-160 kDa [4, 12].
Variety in the sugar moieties of a human monoclonal IgD
(NIG-65 myeloma protein) seems to cause heterogecity in
the isoelectric point between 5.6 and 6.8 [17]. All of these
characteristics agree with those determined for the serum
component having Qa-2 specificity reported here. Qa-2-
specific IgD was also demonstrated by ELISA. These re-
sults indicated that the Qa-2-specific component in RS is
an IgD. The possibility remains that the RS factor actually
responsible for the cytotoxic reaction is an IgG, but this
possibility is not likely since Qa-2-specific IgGs are unde-
tectable in the FPLC-purified material and depletion of
IgGs does not affect the activity. The role of B cell surface
IgD as an antigen-recognition molecule is well known;
however, the physiological roles of serum IgD are un-
known. The results presented in this report indicate that
target cells are lysed by an IgD-dependent cell-mediated
reaction. To elucidate such an activity of IgD, further stud-
ies will be necessary including the generation of Qa-2-spe-
cific mAb of the IgD class, establishment of the IgD-de-
pendent cytotoxic cell clone, characterization of the IgD
receptor on the effector cells, etc. These studies are under
trial in our laboratory.
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