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Second and subsequent skin grafts in mice undergo "second set" rejection regardless of the
time of the second grafting operation (maximal interval between grafts 1 year). The rate of
rejection of the third and subsequent grafts is the same as the rate of rejection of the second
graft (P > 0.05), regardless of the length of the interval between grafting operations. During
the adaptive transfer of viable cells of immune lymph glands (50 million cells) to a syngeneic
irradiated (1000 R) recipient, protected with syngeneic bone marrow (10 million cells),
accelerated rejection of both the primary and secondary (relative to the primary) grafts was
observed if the interval between grafting operations or transfer of cells was 2 or 3 weeks or
1, 2, and 3 months.

A second graft in the same donor has been shown to be rejected much faster than the first. This rule
has been confirmed in experiments on various animals at different levels of evolutionary development,
ranging from cold-blooded animals to man [7, 9, 13, 14, 17]. The more rapid rejection of the second graft
has been called the "second set" phenomenon. Rejection of second set type is also observed if another
tissue from the same donor is used as the first graft {8, 10].

Immunity to allografts can be transferred to syngeneic recipients in most cases only through immune
lymphoid cells ("adaptive immunity") [11-13, 15, 16, 18]. The state of immunity transmitted with the cells
develops immediately after their transfer [6]. The state of sensitization of the lymph gland cells persists
for.a long time and can be transferred by them to a recipient as long as 1 year after immunization [5].

The object of the present investigation was to study the dynamics of formation of the immunological
memory to strong (H-2) transplantation antigens at various times after transplantation of a primary skin
graft, the effect of the number of skin grafts on the immunological memory, and the ability of lymph gland
cells to produce adaptive transfer of immunological memory at different times after immunization,

EXPERIMENTAL METHOD

. Experiments were carried out on male CBA and C57BL /6 mice weighing 19-21 g. The CBA mice
received skin grafts from C57BL/6 donors by the method of Billingham and Medawar [6]. The postopera-
tive wound was covered with a dressing [2]. Signs of rejection of the graft were taken to be edema, indura-
tion, loss of hair, and drying of the edges of the graft. The adaptive transfer of immunological memory
was carried out by means of lymph gland cells from immune CBA mice (a single immunization by a skin
graft from C57BL/6 donors). Lethally irradiated (1000 R) CBA mice were given an Intravenous injection
of 50 million lymph gland cells from immune donors 1-2 h after irradiation. All the irradiated mice re-
ceived an intravenous injection of 10 million syngeneic bone marrow cells at the same time from intact
CBA mice. In the control groups, in one case irradiated mice were injected only with syngeneic bone
marrow, and in the other case with bone marrow mixed with intact syngeneic lymph gland cells (in the
same doses). The conditions of irradiation and the technique of preparing the cell suspensions were de~
scribed previously [1].
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TABLE 1. Effect of Number of Transplantations of Skin of
C57BL/6 Mice on Intensity of Immunological Memory to Trans-
plantation Antigens in CBA Mice.

- pp -
lelmb.er Inter;/:%tsbetween Order of grafts Time of rejection of graft (in days)
of mice g MEm P, P,
70 —_ First 12,32:0,54 — —
Second 7,1%0,43 <0,01 —
Third 7,0=0,43 <0,01 >0,05
10 2 Weeks Fourth 6,9%0,22 <0,01 >0,05
Fifth 6,8£0,43 <0,01 >0,05
Sixth 5,97=0,65 <0,01 >0,05
Seqond 7,2%0,22 <0,01 —_
Third 6,1%0,33 <0,01 >0,05
10 3 » Fourth 6,8+0,22 <0,01 >0,05
Fifth 6,0+0,43 <0,01 >0,05
Sixth 5,9=0,22 <0,01 >0,05
Second 6,0+0,22 <0,01 —
Third 6,170,32 <0,01 >0,05
i0 1 Month Fourth 6,0220,43 <0,01 >0,05
Fiith 6,170,32 <0,01 >0,05
Sixth 5,9=0,22 <0,01 >0,05
Second 7,0%0,43 <0,01 —
Third 6,80,22 <0,01 >0,05
10 2 Months Fourth 6,9=0,22 <0,01 >0,05
F}fth 5,9=0,65 <0,01 >0,05
Sixth 6,7=0,57 < 0,01 >0,05
Second 6,8%0,43 <0,01 —
10 3 » Third 7,0=0,32 <0,01 >0,05
Fourth 6,3=0,87 <0,01 >0,05
Second 8,3%0,32 <0,01 —
10 6 Months Third 7,10,52 <0,01 >0,05
10 12 » Second 8,0+0,97 <0,01 —

Note: P, represents degree of significance relative to time of re-
jection of first graft; P,, degree of significance relative to time of
rejection of second graft.

In the different groups of animals the skin grafting and adaptive transfer with subsequent skin grafts
were carried out at different time intervals: 2 and 3 weeks, 1, 2, 3, 6, and 12 months.

EXPERIMENTAL RESULTS

In the experiments of series I the effect of the number of grafts on the expression of the immunologi-
cal memory to transplantation antigens differing in their H-2 locus, and the duration of this effect were
studied. The results are given in Table 1. They show that the second and subsequent grafts were rejected
much more rapidly than the first (P < 0.01) regardless of the time of the second grafting operation. The
immunological memory persisted for more than 1 year. The rate of rejection of the third and subsequent
grafts was the same as that of the second graft (P >0.05) regardless of the interval between grafting
operations. .

Simultaneously with this series of experiments the effect of the number of skin grafts transplanted
on C57BL/6 mice on the intensity of their immunological memory of CBA mice was studied during the
adaptive transfer of immune lymph gland cells from CBA mice to them. As Table 2 shows, the transfer
of lymph gland cells from a sensitized donor led to the more rapid rejection of the graft than in the control
group (P < 0.1),but the second graft of these same animals was still rejected faster than the first, except
when the adaptive transfer was carried out after 6 months.

In can be concluded from the results of both series of experiments that the cells of immune lymph
glands can transfer immunological memory to transplantation antigens and can repopulate in a syngeneic
bone marrow. Comparison of the results of the two experiments shows that during adaptive transfer of
immune lymph gland cells the rejection of the first graft was of the second set type, but by contrast with
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TABLE 2. Effect of Number of Skin Grafts from C57BL /6 Mice
on Intensity of Immunological Memory to Transplantation Antigens
during Adaptive Transfer of Immune Lymph Gland Cells of CBA
Mice to Lethally Irradiated Syngeneic Recipients

Interval be- Number of cellsin- | Time of rejection of graf
w  |tween sensi- jected (% 10;) (in days)
S ltization and | Order of ©
[0} .
2 adaptive afts o " g
g g transfer & § Q § 8 E 8 Mtm Py P,
2z B Ez|ESQ|ES
10 — First 10 — -— | 18,7%0,97 — —
10 — First 10 50 — | 15,2%0,43 — —
Second 8,3=0,22 <0,01 —
First 9,9%+0,22 < 0,01 —
Second 7,92%0,34 <0,01 <0,01
10 | 2 Weeks Third 10 — 50 7,0%0,11 <0,01 <0,01
Fourth 6,4=0,43 <0,01 <0,01
Fifth 6,2+0,22 <0,01 <0,01
First 9,4%0,43 <0,01 —
Second 7,5+0,32 <0,01 <0,01
10 |3 » Third 10 — 50 6,0+0,22 <0,01 <0,01
Fourth 5,9=0,11 <0,01 <0,01
Fifth 5,6+=0,32 <0,01 <0,01
First 9.00.43 | <0.01 —
Second 5,7+0,22 < 0,01 <0,01
10 | 1 Month Third 10 — 50 5,5%+0,22 | «0,01 | <0,01
Fourth 6.0=0,22 | <001 | <0,01
Fifth 56=0,11 | <001 | <0,01
First 8,500,32 | <001 ~
Socond’ 560,22 | <001 | <0,01
10 |2 Weeks | Third - 10| — | 50 | 54=022 | <001 | <0,01
Fourth ' 6,0=0,11 | <001 | <0,01
Fifth 570,01 | <001 | <001
First 812032 | <0,01 =
10 |3 » Second 10 | — | 50 | 55%022 | <00l | <0,0!
Third 605032 | <000 | <0,01
First 6,8:0.43 | <0,01 —
10 |6 Months ! gecond 16 | — | 50 | 662011 | <0,01 | >0,05

Legend: LGC) lymph gland cells; BMC) bone marrow cells; P,) de-
gree of significance relative to first graft transplanted to lethally
irradiated CBA mice receiving intact LGC; P,) degree of significance
relative to first graft transplanted to CBA mice receiving adaptive
transfer of 50 million LGC from immune animals.

the experiments of series I the rejection of the second graft in these same animals was also by the second
set type compared with the first, except in the case of adaptive transfer after 6 months.

The "double second set” phenomenon observed in these experiments was evidently due to the fact that
at the time of the second grafting operation the irradiated syngeneic recipients, protected with syngeneic
bone marrow against the transplanted cells, were able to form a fresh pool of lymphoecytes which, after
their production, were sensitized against the antigens of the primary graft. In these experiments the more
rapid rejection of the primary grafts was due to a reaction of the transferred cells of the sensitized donor,
whereas the more rapid rejection of the secondary grafts was due to an immunological reaction of the
memory cells of the new pool of sensitized cells, which could be the progenies of both donor and recipient
precursor cells. If the interval between the grafts was 6 months, cells arising from precursor cells of the
sensitized donor, from cells arising from the transferred bone marrow, and from cells of the hematopoietic
tissue of the recipient itself, which had regenerated after irradiation, could participate in the reaction to
the first graft in the irradiated recipient, During the 6 months which elapsed in these experiments after
adaptive transfer of the immune lymph gland cells, the transferred memory cells were evidently able to
transmit the corresponding immunological information to the newly arising cells. In this experiment the
phenomenon of accelerated rejection of the first graft was therefore expressed to the maximal degres,
while the "double second set" phenomenon was absent.
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