STIMULUS-RESPONSE IN THE MIXED LYMPHOCYTE
REACTION

By MICHAEL R. HARRISON* axp WILLIAM E. PAUL

(From the Laboratory of Immunology, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, Maryland 20014)

(Received for publication 17 September 1973)

The proliferative response of allogeneic lymphocytes cultures together, the mixed
lymphocyte reaction (MLR), has been widely used as an in vitro correlate of the anti-
gen recognition phase of the allograft response. The MLR is most informative when it
is unidirectional, so that any proliferative response measured in the mixed culture can
be attributed to the capacity of one cell to respond (the responder cell) and another
cell to stimulate a response (the target cell). The reaction is rendered “one-way” by
inactivating the target cell with mitomycin C (1, 2) or irradiation (3, 4) such that it
should not be able to contribute to the DNA synthesis used to measure the reaction.
In inbred species, the mixture of parental and F; hybrid cells has been used as a natural
one-way reaction, since the F target cell should be genetically incapable of reacting to
a cell of parental genotype (5-7).

In recent studies of the MLR, two puzzling sets of observations have been made:
(@) mouse spleen cell populations depleted of thymus-dependent (T) lymphocytes or
spleen cell populations obtained from athymic (7% /#%) mice appear to respond quite
vigorously to mitomycin C-treated or X-irradiated allogeneic cells (8), and (b) F; hy-
brid spleen cells appear to respond to similarly inactivated parental target cells (9).
The apparent responsiveness of T cell-deficient spleen populations issurprising because
there isconsiderable evidence that the ability to respondis dependent on the presence of
T lymphocytes (5-7, 10, 11). Similarly, the reported responsiveness of F; cells to paren-
tal cells runs counter to the conventional view that F; cells possess all the major allo-
antigens of each parent and are therefore genetically incapable of responding to paren-
tal strain cells (12, 13). The controversial nature of the above observations prompted
a closer examination of the cellular interactions occurring in the one-way MLR.

Materials and Methods

AKR/J (H-2%), DBA/2 (H-29), and (AKR X DBA/2)F; (F;) mice were obtained from
Jackson Laboratory, Bar Harbor, Me. 6-10-wk old AKR mice were thymectomized, irradi-
ated (700 R}, and reconstituted with 7 X 10% syngeneic bone marrow cells 3-6 wk before
sacrifice, at which time the mediastinum was explored for residual thymic tissue. Additional
in vivo ablation of T cells was accomplished by treatment of such mice with burro antimouse
thymocyte antiserum, 0.5 ml intraperitoneally 3 and 2 days before sacrifice. MLR’s were
performed as previously described (14). 10® untreated responder spleen cells were cultured
with 10° mitomycin-treated or irradiated stimulator cells in 0.2 ml of RPMI 1640 supple-
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mented with antibiotics and 59, fetal calf serum in round-bottom microtiter wells. Cultures
were maintained at 37°C in a humidified 59, CO; atmosphere for 72 h. 16 h after addition
of 1 uCi of [*H]thymidine (PH]TdR) to each well, cells were harvested using a microculture
harvesting device designed by one of us (M. R. H.), and the amount of radioactivity incor-
porated into acid-precipitable material was determined by scintillation spectrometry.

RESULTS AND DISCUSSION

Table I shows that spleen cells from T-deprived AKR mice (AKR™T) are
unresponsive to both phytohemagglutinin (PHA) and concanavalin A (Con A),
demonstrating a marked T-cell deficiency in these populations (15). The re-

TABLE I

Mitogen Responses of Normal, T Cell-Depleted, Mitomycin-Treated, and Irradiated
Mouse Spleen Cells

[BH]TdR incorporation
PHA Con A LPS

F;‘?' Cells* No stimulant

mean cpm + SEM
1 AKR 1,000 &= 200 50,600 & 1,400 91,600 £ 5,300 21,600 + 400

AKR-T 1,700 £ 200 1,200 & 100 1,400 =+ 50 17,900 + 2,300
AKR 300 £ 20 8,200 & 200 17,300 & 100 500 % 20
AKRx 300 =+ 40 200 % 50 600 + 50 200 =+ 30

2 DBA 1,500 = 300 40,400 = 1,600 79,500 & 9,100 16,700 = 1,900
DBAm 400 £ 60 9,600 % 500 19,600 = 1,600 900 + 60
DBAx 200 =+ 20 300 + 50 400 + 80 140 + 30

* Spleen cells from normal AKR mice and from thymectomized, irradiated, bone marrow-
reconstituted AKR mice treated with burro antimouse thymocyte antiserum 3 and 2 days
before sacrifice (AKR-T) were cultured at 4 X 10° cells/0.2 ml culture with nothing, PHA
(1 ug/ml), Con A (2 pg/ml), or LPS (10 ug/ml), and PH]TdR incorporation was determined
after 72 h. Some cells were treated with mitomycin C (50 ug/ml) for 30 min at 37°C (m)
or exposed to 2,000 R X irradiation at 200 kVCP, half-value layer 0.9 (x), and then washed
four times before culture.

sponse of these cells to lipopolysaccharide (LPS) is intact suggesting normal
B-cell function (16). Similar selective deletion of T-cell responses was demon-
strated in cultures of all T cell-deficient populations used in the MLR’s de-
scribed below. Table I also shows that AKR and DBA spleen cells treated with
50 ug/ml of mitomycin C (AKR,, and DBA,,) have markedly reduced DNA
synthetic responses, but are nevertheless capable of incorporating some [*H]-
thymidine (PHJTdR) in response to the powerful T-cell mitogens, PHA and
Con A, confirming reports of incomplete inactivation by mitomycin C (7, 18).
AKR and DBA spleen cells treated with 2,000 R irradiation (AKR; and DBAy)
are virtually incapable of DNA synthesis even in response to mitogens.

Two representative experiments comparing normal AKR and AKR™T spleen
cells as responders in the MLR are presented in Table IT a. A positive DNA
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TABLE II
MLR’s Involving T-Depleted and Fy Responder Cell Populations
Resp:;llllding Exp. 1 Exp. 2
(a) Response of T AKR AKR,* 3,000 = 200 | AKR,* 5,800 + 700
cell-depleted DBA,, 17,800 + 1,600{ DBA, 16,500 + 1,700
populations Fim 12,800 =+ 1,300| Fix 13,200 £ 1,100
AKR T} | AKRy, 4,600 + 500 | AKR, 3,400 + 300
DBA, 26,000 = 900 | DBA 7,400 + 200
Fim 5,100 + 300 | Fix 2,900 + 200
Exp. 3 Exp. 4
(6) Response of Fy F Fim 6,700 & 600 | Fyix 5,000 £ 300
cell populations DBA, 17,700 + 1,000 DNA, 10,000 =+ 900
AKR, 12,700 &+ 800 | AKRx 8,700 + 600
AKRZT 6,700 & 600 | AKR3T 4,800 £ 900

* Target cells were incubated with mitomycin C (50 ug/ml) for 30 min at 37°C (m) or
exposed to 2,000 X irradiation (x) and then washed 4 times before culture.

T AKR™T: Spleen cells from thymectomized, irradiated, bone marrow-reconstituted mice
treated with burro antimouse thymocyte antisera 3 and 2 days before sacrifice.

synthetic response, indicated by incorporation of [FH]TdR in excess of that in
syngeneic AKR + AKRu, or x control cultures, occurs when normal AKR spleen
cells are mixed with DBAy, o x or F1, , _ target cells. A positive response is also
seen when AKR™T spleen cells are mixed with DBA,, . x target cells but no
response occurs when AKR™T cells are mixed with Fy target cells. Thus:

m or X

AKR™T 4 DBAp, or x — response; AKR™T + Fy — 1O response.
n or X p

Since F; spleen cells should possess essentially all the DBA alloantigens pres-
ent on parental DBA cells and are able to stimulate MLR’s by normal AKR
cells, the failure of Fy cells to stimulate AKR™T cells, which “respond” to DBA
cells, is more logically ascribed to an inability of the Fy “target” cells to recog-
nize AKR antigens than to their failure to present DBA antigens to AKR™T
cells. This suggests that the increased DNA synthesis observed when AKR™T
cells are mixed with DBA,, or DBA; cells represents a recognition of AKR anti-
gens by the “inactivated” DBA target cells rather than responsiveness on the
part of the T cell-depleted AKR population.

The contention that target cells may, under certain circumstances, be re-
sponsible for the immunologic recognition that eventuates in a proliferative
response is further strengthened by the studies reported in Table II 4. In these
experiments, Fy spleen cells are cultured as responder cells with parental DBA
or AKR target cells. Mixtures of Iy cells with inactivated but otherwise normal
AKR or DBA parental target cells incorporate substantially more PH|TdR
than do syngeneic control Fy + Fy . mixtures, confirming a previous report
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that Fi cells cultured with mitomycin-treated parental cells yield a positive
MLR (9). However, no response is seen when F; cells are cultured with AKR
target cells depleted of T lymphocytes, although we have previously demon-
strated that such AKR™T cells are fully capable of stimulating allogeneic re-
sponder cells in the MLR (14). Thus:

F; + AKRp or x — response; Fy 4+ AKR T, or x — no response.

The striking finding in these studies of F; hybrid responder cells is that pro-
liferative responses are obtained only when the inactivated parental target cell
population contains T cells. This suggests that in mixtures of Fy cells with
AKRp, or x cells, or with DBAy, o x cells, the proliferative response observed is
due not to recognition of the inactivated parental cells by the F; cells, but to
recognition of the F; responder cells by the inactivated AKR or DBA target
cells.

The data in Table IT may be summarized as follows: (@) Mixed lymphocyte
responses occur when T cell-deficient populations are cultured with allogeneic
but not F; target cells, while normal spleen cells yield responses when cultured
with either allogeneic or F, target cells. (b) Mixed lymphocyte responses are
observed when F; cells are cultured with inactivated but otherwise intact
parental target cells, but not when F; cells are cultured with T cell-deficient
parental targets. These essentially symmetrical experiments lead to one of two
sets of mutually exclusive conclusions: () T cells are not required for respon-
siveness in the MLR but are required as stimulators, and F; cells efficiently
recognize parental cells but do not present antigens of one parental genotype
to responder cells of the other parental genotype; or (#4) neither T cell-deficient
populations nor F; cells respond in the combinations studied, but potentially
responsive cells in the inactivated target cell population initiate the reaction
leading to increased DNA synthesis in the cultures.

As conclusions 1 are strikingly refuted by recent evidence that T cell-depleted
populations are efficient stimulators of normal allogeneic lymphocytes (14, 19)
and considerable evidence that F; lymphocytes are excellent target cells, not
only in MLR’s (5, 6), but also in graft-vs.-host responses (20), this set of con-
clusions appears untenable and leads us to support conclusions i as the
proper explanation for the data presented here.

Thus we suggest that in conventional MLR’s, responsiveness is dependent
upon the presence of T lymphocytes and that F; cells do not respond to parental
antigens (such as receptor sites) to an extent sufficient to be detected in this
system. The capacity of inactivated target cells to initiate responses may well
explain the observation that spleen cells from both thymus-deprived and
congenitally athymic (nu/n) mice respond to mitomycin C-treated allogeneic
cells (8), and, in addition, the previous report of Fi responsiveness to mito-
mycin C-treated or irradiated parental cells (9).

The recognition of responder cells by target cells could be translated into
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DNA synthesis in two ways. (¢) The target cell may itself synthesize DNA.
This is possible for mitomycin C-treated cells since they are capable of some
DNA synthesis in response to T-cell mitogens. However, it is very unlikely that
responses seen with X-irradiated target cells can be accounted for in this way,
since 2,000 R X irradiation renders these cells incapable of significant DNA
synthesis even in response to mitogens. (6) The target cell, as a consequence of
its recognition of the responder cell, may provoke DNA synthesis in the un-
poisoned responder cell, possibly through secretion of a blastogenic mediator.
Elaboration of blastogenic factors as a consequence of antigenic recognition has
been demonstrated in several systems and does not require DNA synthesis
(21-23). Our results indicate that one-way MLR’s are best done using parent-
Fy combinations, or alternatively, employing target lymphocyte populations
devoid of T cells.

SUMMARY

Mizxed lymphocyte reactions occur when mouse spleen cell populations de-
pleted of thymus-derived (T) lymphocytes are cultured with allogeneic target
cells inactivated by mitomycin C or X irradiation, and when F; hybrid re-
sponder cells are cultured with inactivated parental target cells. These responses
might be interpreted as indicating that T lymphocytes are not required for
responsiveness and that Fy lymphocytes recognize parental alloantigens. Data
reported here indicate that the more likely explanation for these surprising
results is that inactivated target cells recognize the “‘responding” cells and this
recognition leads to the response observed.

REFERENCES

1. Bach, F. N., and N. K. Voynow. 1966. One-way stimulation in mixed leukocyte
cultures. Science (Wash. D. C.). 163:545.

2. Bach, F. H,, and M. F. Bach. 1972. Comparison of mitomycin C and x-irradiation
as blocking agents in one-way mixed leukocyte cultures. Nat. New Biol. 235:243.

3. Main, R. K., L. J. Cole, M. J. Jones, and H. M. Haire. 1967. DNA synthesis in
mixed cultures of dog leukocytes: differential effect of x-radiation and freeze-
thawing on cellular isoantigenicity. J. Immunol. 98:417.

4. Kasakura, S., and L. Lowenstein. 1968. Studies on the mixed lymphocyte inter-
action in rats. J. Immunol. 101:12.

5. Wilson, D. B., W. V. Silvers, and P. C. Nowell. 1967. The factors affecting the
strength of “one-way”” stimulation with irradiated leukocytes in mixed leuko-
cyte cultures. J. Exp. Med. 126:655.

6. Johnston, J. M., and D. B. Wilson. 1970. Origin of immunoreactive lymphocytes
in rats. Cell. Immunol. 1:430.

7. Al-arini, M. O., and D. Osoba. 1973. A quantitative assay for the mixed leukocyte
reaction by mouse spleen cells. J. Immunol. 110:926.

8. Wagner, H. 1972. The correlation between the proliferative and the cytotoxic
responses of mouse lymphocytes to allogeneic cells in vitro. J. ITmmunol. 109:
630.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

HARRISON AND PAUL BRIEF DEFINITIVE REPORT 1607

. Adler, W. H., T. Takiguchi, B. March, and R. T. Smith. 1970. Cellular recogni-

tion by mouse lymphocytes in vitro. II. Specific stimulation by histocompati-
bility antigens in mixed cell culture. J. Immunol. 105:984.

Takiguchi, T., W. H. Adler, and R. T. Smith. 1971. Cellular recognition in vitro
by mouse lymphocytes. Effects of neonatal thymectomy and thymus graft resto-
ration on alloantigen and PHA stimulation of whole and gradient-separated sub-
populations of spleen cells. J. Exp. Med. 133:63.

Piguet, P. F., and P. Vassalli. 1972. Thymus-independent (B) cell proliferation in
spleen cell cultures of mouse radiation chimeras stimulated by phytohemagglu-
tinin or allogeneic cells. J. Exp. Med. 136:962.

Medawar, P. B. 1959. Zoologic laws of transplantation. /» Transplantation of
Tissues. L. A. Peer, editor. The Williams and Wilkins Co., Baltimore, Md. 2:41.

Billingham, R. E. 1968. The biology of graft-versus-host reactions. Harvey Leci.
62:21.

Harrison, M. R. 1973. Thymus independent stimulator cells in the mixed lympho-
cyte reaction. J. Immunol. 111:1270,

Stobo, J. D. 1972. Phytohemagglutinin and concanavalin A: probes for murine
“T” cell activation and differentiation. Transplant. Rev. 11:60.

Gery, L., J. Kruger, and S. Z. Spiesel. 1972. Stimulation of B-lymphocytes by
endotoxin. Reactions of thymus-deprived mice and karyotypic analysis of di-
viding cells in mice bearing TsT's thymus grafts. J. Immunol. 108:1088.

LeBrun, A., and B. Bain. 1971. Effect of mitomycin C dosage on phytohemagglu-
tinin stimulation and on the one-way mixed leukocyte reaction. Transplania-
tion. 11:567.

Ethridge, E. E., A. R. Shons, K. L. Hohenthaner, and J. S. Najarian. 1973. Mito-
mycin C inactivation of leukocytes in the mixed leukocyte culture. Transplanta-
tion. 15:331.

Cheers, C., and J. Sprent. 1973. B lymphocytes as stimulators of a mixed lympho-
cyte reaction. Transplantation. 16:336.

Simonsen, M. 1970. On the nature and measurement of antigenic strength. Trawns-
plant. Rev. 3:22.

Kasakura, S. 1969. Blastogenesis of lymphocytes induced by PPD-primed x-ir-
radiated autologous lymphocytes. J. Immunol. 103:1078.

Janis, M., and F. H. Bach. 1970. Potentiation of in vitro lymphocyte reactivity.
Nature (Lond.). 225:238.

Kasakura, S. 1971. A blastogenic factor in unidirectional mixed cultures with x-ir-
radiated cells. Transplantation. 11:117.



