Nature Vol 254 March 20 1975

¢ Peterson, P. A., Cunningham, B. A., Beggard, [., and Edelman, G. M., Proc.
natn. Acad. Sci. U.5.4., 69, 1697 (1972)

7 Cresswell, P., Turner, M. J and Strominger, J. L., Proc. natn. Acad. Sci. U.S.4.,
70, 1603 (1973).

8 Tanigaki, N., Katagiri, M., Nakamuro, K., Kreiter, V. P., and Pressman, D.,
Immunology 26, 155 (1974)

9 Springer, T. A., Strommger J. L., and Mann, D., Proc. natn. Acad. Sci. U.S.A.,
71, 1539 (1974)

10 Rask L., Lindblom, J. B., and Peterson, P. A., Nature, 249, 833 (1974).

1 Peterson, P. A, Rask, L., and Lindblom, 3. B., Proc. natn. Acad. Sci. U.S.4.,
71, 35 (1974).

12 Nakamuro, K., Tanigaki, N., and Pressman, D., Proc. natn. Acad. Sci. U.S.A.,
70, 2863 (1973)

13 Cresswell, , Springer, T., Strominger, J. L., Turner, M. I.,
Kubo, R T Proc. natn. Acad. Sci. U.S.A., 71, 2123 (1974)

14 Po(ulhgan D., Bernoco, M., Bernoco, D., and Ceppelllm R., Science, 182, 1352

)

15 Solheim, B. G., and Thorsby, E., Tissue Antigens, 4, 83 (1974).

16 Ostberg, 1., Lmdblom J. B., and Peterson, P. A., Nature, 249, 463 (1974).

17 Bodmer, W, F., Transplam Proc. (in the press)

18 Bodmer, W. F., in Manual of Tissue Typing Techniques, 24 (edit. by Ray, J. G.,
Hare, D. B,, and Kayhoe, D. E.) (Ortew publication, 1973).

19 Evrin, P E., and Pertoft, H., J. Immun., 111, 1147 (1973).

20 Hunter W, M and Greenwood F.C, Narure 194, 495 (1962).

21 Snary, D Goodfellow, P, Hayman M Bodmer W, F., and Crumpton, M.,
Nature, 247, 457 (1974).

22 Mller, E., and Persson, U., Scand. J. Immun., 3, 445 (1974).

23 van Heyningen, V., et al., Ann. hum. Genet., 38, 395 (1974).

24 Bobrow, M., and Cross, J., Nature, 251, 77 (1974).

25 Allerdice, P. W., Miller, O. J., Pearson, P. L., Klein, G., and Harris, H., J. Cell
Seci., 12, 809 (1973).

26 Edwards, J. H., Allen, F. H., Glen, K. P., Lamb, L. U., and Robson, E. B.,
I{‘igtocampatibility Testing 1972 (edit. by Dausset, J., and Colombani, 1.}
745 (1973)

27 van Someren, H., et al., Proc. natn. Acad. Sci. U.S.A., 71, 962 (1974).

28 Bengtsson, B., ef al Somatlc Cell Genet., 1, 41 (197 )

29 Grubb, R., The (;enenc Markers of Human Immunoglobulins (Springer, Berlin,
Heldelberg, New York, 1970).

30 Buck, D., and Bodmer, W, F., Cytogenet. Cell Genet. (in the press).

31 Santachiara, A. S., Nabholz, M., Miggiano, V., Darlington, A. J., and Bodmer,
W. F., Nature 227 248 (1970)

32 Nabholz M., Mlgglano V., Bodmer, W. F., Nature, 223, 358 (1969).

33 van Heynmgen V., Craig, I and Bodmer W. F., Nature, 242, 509 (1973).

34 Fellous, M., et al., Eur J. Immun , 543 (1973)

Grey, H. M., and

Genes required for cytotoxicity against
virus-infected target cells in X and D
regions of H-2 complex

EVIDENCE is mounting that in mice, certain specific immunologi-
cal effector functions of thymus-derived (T) lymphocytes are
efficient only when donors ¢f T cells and the cells with which they
interact have at least a part of the H-2 gene complex in
common?-®. Examples include T helper function in vive and
in vitro'"*, cytotoxicity mediated by T cells against virus-
infected?® or TNP-modified” target cells in vitro, immuno-
pathology mediated by T cells?, or protection against bacterial®
and viral infection® in vivo. This requirement for H-2 compati-
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bility has been studied in detail by measuring the cytotoxicity of
T cells from donors immunised with either lymphocytic
choriomeningitis (LCM) or ectromelia virus using target cells
infected with the homologus virus.

These two viruses are very different, LCM being a non-
cytopathic, single-stranded RINA virus which acquires an
envelope by budding from infected cell membranes, whereas
ectromelia is a cytopathic DNA virus which is assembled
completely within infected cells®. Evidence described in detail
elsewhere® 1% indicates that immune T cells kill virus-infected
target cells directly by contact without production of detectable
soluble factors or any requirement for ancillary cells such as
mononuclear phagocytes or thymus-independent (B) cells.
Experiments with target cells of different H-2 haplotypes and a
repertoire of inbred mouse strains, including congenic pairs,
have shown that the non-H-2 genetic background, the M locus
and H-2 public specificities are irrelevant®!'!, Maximal cyto-
tolysis only occurs when immune T cells and virus-infected
target cells share the same H-2 haplotype?:!1.

These findings suggest that the genes required are either the
H-2 private specificities, which code for the major H-2 antigens
on which the haplotype classification is based, or genes closely

Table 1 H-2 composition of mouse strains used

Strain H-2 regions

K 1 S D

A B C

B10.A k k k d d d
BI10.A(2R) k k k d d b
B10.A(4R) k k b b b b
A.TL s k k k k d
A.TH s s s s s d
C3H.OH d d d d d k
C3H.OL d d d d k k
AQR q k k d d d

linked to them in the K and D regions of the H-2 complex.
Identity of Ir genes, which map in the I region between K and D
(Table 1) and which are common to many different H-2
haplotypes, should not be sufficient??, This reasoning was tested
directly using mouse strains bearing recombinant H-2 haplo-
types (Table 1). Immune spleen cells were obtained from donor
mice immunised with either LCM virus or ectromelia virus as

Table 2 Activity of splenic cytotoxic T cells* from LCM-immunised mice against target cells infected with LCM virus

Mouse straint Spleen cell L.929 targets (H-2¥)

status Uninfected Infected
B10.A Normal 159 + 1.0 194 + 1.3
Immune 172 + 1.7 72.6 + 0.9
B10.A(2R) Normal 24.9 4+ 0.7 209 + 1.8
Immune 219 + 20 80.9 4 2.6
B10.A(4R) Normal 17.0 + 0.8 18.5 + 2.1
Immune 189 4 1.3 743 + 1.6
ATL Normal 14.1 4+ 0.6 16.5 & 0.9
Immune 17.6 4+ 1.7 17.6 + 1.7
A.TH Normal 123 + 0.7 13.0 4+ 0.9
Immune 132 4+ 1.6 16.3 + 1.9
C3H.OH Normal 20.8 4+ 0.6 154 £ 14
Immune 224 4+ 1.1 56.5 + 2.0
C3H.OL Normal 232 + 0.6 274 + 0.6
Immune 52.8 4- 2.2 80.5 + 1.3
AQR Normal ND ND
Tmmune ND ND

P-815 targets (H-29) Mouse embryo cells (H-2%)

Uninfected Infected Uninfected Infected

214 + 1.4 30.1 + 3.2 36.8 4+ 1.6 451 + 1.4

31.2 t 2.3 86.5 4 1.2 385 + 2.9 459 + 1.8

227 + 1.1 29.0 + 3.7 40.1 + 0.7 48.2 + 0.8

41.7 + 0.9 49.0 + 1.3 427 £ 2.1 61.9 + 1.8

321 + 3.2 26.0 & 4.5 39.6 + 1.0 457 + 2.0

407 £ 1.9 359 + 1.7 444 + 14 597 £ 1.5

Mouse macrophages, SJL (H-2°%)

14.3 £ 0.9 14.1 £ 1.1 40.7 + 4.2 39.1 4+ 3.7

16.2 4+ 1.1 644 + 24 39.6 + 24 76.1 & 2.9

30.5 & 4.5 28.6 4+ 2.1 ND ND

30.1 & 4.8 81.0 £ 1.2 ND ND

141 + 0.5 278 £ 1.1 ND ND

23.7 + 0.5 74.5 + 2.8 ND ND

153 4 04 172 + 0.8 ND ND

18.0 4- 0.3 49.0 + 0.8 ND ND
Mouse macrophages, DBA/1 (H-29)

16.1 = 0.5 16.9 + 0.6 39.1 £ 3.5 36.9 + 2.6

28.0 + 0.5 926 + 0.6 448 + 2.0 626 + 2.3

*Expressed as percentage °'Cr released (mean of four replicates + s. e. m.) over 16 h at a killer—target ratio of 30:1 (corrected for water

lysis). Slgmﬁcant specific lysis (P < 0.05) is indicated by italics.

tData given in this table were derived from several separate experiments in which the various mouse strains were tested. CBA.H (H-2%),
BALB/c (H-2%), C57BL (H-2%), SJL (H-2%) and DBA/1 (H-2%) mile were always included in the experiment as controls where necessary. They
gave specific lysis only with H-2-compatible infected target cells (see refs 4 and 9) (data not shown).

ND, not determined.
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Table 3 Activity of splenic cytotoxic T cells* from ectromelia-immunised mice against target cells infected
with ectromelia virus

Mouse strainf Spleen cell 1.929 targets (H-2%)

status Uninfected Infected
B10.A Normal 282 £ 0.5 28.3 + 0.5
Immune 40.5 + 0.3 955 + 1.3
B10.A(2R) Normal 25.6 + 2.3 26.7 + 1.7
Immune 297 +£ 1.2 834 + 1.9
B10.A(4R) Normal 255 4+ 1.2 274 + 23
Immune 30.1 1.2 78.5 4+ 2.7
ATL Normal 356 = 1.3 315+ 14
Immune 423 + 1.7 440 + 1.5
ATH Normal 36.1 + 1.2 38.0 4+ 2.1
Immune 39.0 4+ 0.8 374 + 1.2
C3H.OH Normal 2134+ 1.5 212 + 1.1
Immune 33.2 + 2.0 47.0 + 2.2
C3H.OL Normal 320 £ 29 331 4+ 28
Immune 272 + 2.1 509 + 1.7
AQR Normal 258 + 2.2 20.8 + 1.0
Immune 399 4 2.1 24.8 + 0.8

P-815 targets (H-2¢) Mouse embryo cells (H-2°)

Uninfected Infected Uninfected Infected
17.2 + 0.6 29.6 4 0.3 347 4+ 1.5 341 + 1.0
246 £+ 1.1 594 + 1.2 341 + 1.6 329 £ 1.0
22.0 4 1.5 240 + 1.6 38.1 4+ 1.8 345 + 1.7
27.0 + 1.6 378 + 3.1 417 + 1.2 67.1 + 1.3
28.6 + 3.0 23.6 + 0.8 455 £ 2.0 347 + 1.1
31.1 £ 4.0 30.5 + 3.5 403 + 1.9 588 £ 09
19.5 + 0.2 237 + 0.5 ND
323 £ 07 784 + 0.6 ND
20.1 4+ 0.3 22,1 + 04 ND
21.6 -+ 0.5 63.1 4- 1.3 ND
17.4 + 0.6 274 + 1.2 ND
37.1 + 0.7 71.5 + 38 ND
20.6 + 2.6 225 + 2.1 ND
390 £ 1.5 480 + 2.8

Mouse macrophages, DBA/1 (H-29)
154 4- 0.8 209 £ 14 393 + 1.8 42.5 £+ 3.7
315 + 1.2 589 4- 4.1 434 4 3.6 65.0 & 4.4

*Expressed as percentage *'Cr released (mean of four replicates - s. e. m.) over 16 h at a killer—target ratio of 60:1 (corrected for water lysis).

Significant specific lysis (P < 0.05) is indicated by italics.

tData given in this table were derived from several separate experiments which included control strains listed in the footnote to Table 2.

ND, not determined.

described elsewhere®!!, and specific cytotoxicity mediated by
T cells was measured by 5Cr release from virus-infected target
cells of various H-2 haplotypes using optimal spleen cell-
target cell ratios®'! (Tables 2 and 3). Immune cells almost
invariably caused more lysis than normal cells, irrespective
of target cell type, but significant specific lysis was defined as
occurring only when combinations of immune cells and infected
targets gave 5*Cr release which was significantly higher (P <
0.05) than all three control combinations, such as immune cells
with uninfected targets, or normal cells with either infected or
uninfected targets. Comparison of Tables 1 and 2 shows that
specific lysis of LCM-infected H-2 * target cells required immune
T cell donors to be of H-2* type only in the K or D regions of the
gene complex. It was not sufficient for all of the I and S region
to be k (as in A TL mice). Lysis of LCM-infected H-2¢ or
H-2* targets also required only D region homology. The use
of H-2° and H-2? macrophages as target cells confirmed that X
region homology was sufficient.

Results obtained with ectromelia virus (Table 3) were
essentially similar to the LCM system, with one exception. Lysis
of infected H-2* target cells by ectromelia-immune cells from
C3H.OH or C3H.OL mice (which are of H-2* type in the D
region) was not as reproducible or powerful as with LCM.
Ectromelia provoked a significant response against infected
H-2* targets (Table 3) in only one out of three experiments with
C3H.OH, and one out of two experiments with C3H.OL,
whereas a significant response always occurred against infected
H-2¢ targets. Thus major gene(s) active in the LCM system
seemed less active in the ectromelia system. The factors re-
sponsible for this variation are not known, but Ir genes are
candidates for further investigation.

With both viruses, B10,A (2R) gave a small but statistically
significant response against H-2¢ target cells in one out of two
experiments (Tables 2 and 3), suggesting that genes outside the
K or D regions (for example, in IC or S regions in this case) may
sometimes exert a minor influence.

In summary, these data support the concept that the major
genes required for cytolysis mediated by T cells, of virus-
infected target cells are located in the K or D regions of the
H-2 complex. In most cases, these genes are sufficient, without
the requirement for I region homology. Whether Ir genes play a
secondary, regulatory role remains to be determined. This is
consistent with the hypothesis proposed**® that the H-2-depen-
dent restriction of lysis, mediated by T cells, of virus-infected
target cells results from T cell recognition of altered self
antigens (possibly H-2 private specificities) on the surfaces of
virus-infected cells.

We thank Dr H. O. McDevitt for discussion.
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Evolutionary conservation
of H-Y (‘male’) antigen

Tue male specific (H-Y) antigen of mice was discovered
with the observation that within certain inbred strains,
females reject male skin grafts, whereas skin grafts ex-
changed between all other sex combinations are accepted’
(reviewed in ref. 2). It is now established that females
sensitised with male skin grafts (or immunised with male
spleen cells) produce antibody which is cytotoxic for sperm®
and dissociated male epidermal cells'. Using the sperm cyto-
toxicity test and the mixed haemadsorption-hybrid antibody
(MHA.HA) test, we demonstrated earlier’ that the H-Y
antigen of mice is cross reactive or identical with antigen
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