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Murine leukemia model can be established with the
injection of L615 cell line. Injection of as low as 1000
L615 cells leads to the death of all leukemia-bearing
mice around 10 days. This progressive, lethal disease
is characterized by splenomegaly and hepatomegaly.
L615 cells phenotypically are CD4 positive, making it
difficult to separate reactive T cells from tumor cells in
the spleen of the living L615 leukemia mice [1]. Re-
cently, an HGPRT- L615 cell line has been established
by using N-methyl-N′-nitro-N-nitrosoguanidine
(MNNG) to induce cell mutation and 8-azaguanine
(8-AG) to select the 8-AG resistant cells. It can be se-
lectively killed in HAT medium [2]. Using this cell line,
we show that tumor reactive CD4+ T cells can be iso-
lated from living L615 leukemia mice and can establish
specific antitumor immunity upon adoptive transfer.

In the study, inbred 8–11 weeks old 615 mice (H–2b)
were used. The animals were handled under Ethic Com-
mittee rules of Medical School Hospital of Qingdao Uni-
versity. L615, L7212 [1] and HGPRT- L615 cell lines [2]
were received from the Institute of Hematology, Chinese
Academy of Medical Sciences (Tianjin, China) and rou-
tinely maintained in RPMI1640 with 10% FCS.

1000 HGPRT– L615 cells were injected intraperitoneally
into na¿ve 615 mice to establish the malignancy. Animals
were sacrificed on the 6th day after tumor cell transplanta-
tion. The splenocytes were carefully isolated, and 4 · 106

cells were plated in HAT medium containing 50 U/ml IL-2
(Ounaite, China). Medium was changed every 3 days, and
irradiated L615 cells were added to facilitate expansion
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(L615 tumor stimulator cells were irradiated with 9000 cGy
by a 137Cs source before use). The expanded cells were
usually harvested around 3 weeks later, and analyzed for
direct immunofluorescence with a FACScan flow cytome-
ter (Becton-Dickinson, USA). Then they were incubated
with PE-labeled anti-CD4 or anti-CD8 (Pharmingen, USA)
and sorted on a FACS plus cell sorter to obtain highly pu-
rified CD4+ or CD8+ cells. The purity of sorted cell popula-
tion exceeded 97%.

The sorted T cell subset was restimulated with irra-
diated L615 or L7212 cells for 48 h. Then the superna-
tants were collected for IFN-γ  measurement using
ELISA (Pharmingen, USA).

1–2 · 106 tumor cells were labeled with 100 µCi 51Cr
(PerkinElmer Life Science, USA) for 1 h. After wash-
ing, they were distributed in 96 well plates with effector
cells for 4 h. Aliquots of supernatant were counted in a
gamma counter. The percentage of specific 51Cr re-
lease was calculated according to the formula: % spe-
cific lysis = (test release)-(spontaneous release) x 100/
(maximal release)-(spontaneous release). Maximal
release was obtained with 1% Triton X-100 detergent.

615 mice (at least 5 animals per group) were ino-
culated i.p. with 1000 L615 cells to establish leukemia.
5 days later, Cy (Henrui, China) was injected i.p.
(180 mg/kg) into leukemia mice. In one group, animals
were inoculated i.p. with 5 · 106 expanded tumor reac-
tive T cells or subsets 5 h following Cy injection.

Cytotoxicity analysis was evaluated using the Student’s
t-test. Animal survival was compared using log-rank test.

FACS result revealed that after expansion, most of
tumor reactive T cells are CD4 positive ( > 75%). Only
around 20% cells are CD8 positive.

Our result showed that either unseparated T cells
or CD4+/CD8+ subset failed to show any cytotoxic ac-
tivity against L615 cells (data not shown). In IFN-γ re-
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lease assay, it was shown that reactive CD4+ T cells
released IFN-γ in response to L615 tumor cells but not
to L7212 (p < 0.01), indicating IFN-γ release is antigen
specific. CD8+ T cells showed unsignificant IFN-γ re-
lease in response to tumor cells (Fig. 1).

In adoptive transfer experiments, CD4+ subset but not
CD8+ subset accounts for the in vivo antitumor activity.
Cure of leukemia can be achieved by transfer of CD4
subset or unselected T cells in combination with Cy pre-
treatment (Fig. 2). The groups receiving (Cy + CD4) or

CD4+ T-ÊËÅÒÎ×ÍÛÉ ÎÏÓÕÎËÅÑÏÅÖÈÔÈ×ÍÛÉ ÎÒÂÅÒ
Ó ÌÛØÅÉ Ñ ËÅÉÊÎÇÎÌ L615: ÀÄÎÏÒÈÂÍÛÉ ÏÅÐÅÍÎÑ

Â ÊÎÌÁÈÍÀÖÈÈ Ñ ÖÈÊËÎÔÎÑÔÀÌÈÄÎÌ

Öåëü: êëåòî÷íàÿ ëèíèÿ L615 ñëóæèò ïåðåâèâíîé ìîäåëüþ îñòðîé ëèìôîáëàñòíîé ëåéêåìèè ñ CD4+ ôåíîòèïîì.
Èññëåäîâàëè âîçìîæíîñòü âûäåëåíèÿ Ò-êëåòîê, îáëàäàþùèìè ïðîòèâîîïóõîëåâûìè ñâîéñòâàìè, ó æèâîòíûõ ñ
ïåðåâèâíûì ëåéêîçîì. Ìåòîäû: ïîëó÷åíà è ïåðåâèòà æèâîòíûì ìóòàíòíàÿ ëèíèÿ êëåòîê HGPRT- L615, ïîñëå ÷åãî ó
æèâîòíûõ — íîñèòåëåé îïóõîëåé — áûëè âûäåëåíû ñïëåíîöèòû è èñïîëüçîâàíû â ñìåøàííûõ êóëüòóðàõ ñ îïóõîëåâûìè
êëåòêàìè. Ïîñëå êóëüòèâàöèè T-êëåòêè ðàçäåëÿëè ñ èñïîëüçîâàíèåì FACScan, èññëåäîâàëè öèòîòîêñè÷åñêîå äåéñòâèå,
âûñâîáîæäåíèå IFN-γγγγγ è ïðîòèâîîïóõîëåâóþ àêòèâíîñòü â ýêñïåðèìåíòàõ ïî àäîïòèâíîìó ïåðåíîñó. Ðåçóëüòàòû:
áîëüøèíñòâî ñïåöèôè÷íûõ Ò-êëåòîê áûëè CD4-ïîëîæèòåëüíûìè, ïðè ñòèìóëÿöèè ñåêðåòèðîâàëè âûñîêèé óðîâåíü
IFN-γγγγγ, íî íå îáëàäàëè çíà÷èòåëüíîé öèòîòîêñè÷íîñòüþ. Â ìîäåëüíûõ îïûòàõ ïî èììóíîõèìèîòåðàïèè àäîïòèâíûé
ïåðåíîñ óêàçàííûõ CD4+ Ò-êëåòîê ïðèâîäèë ê ïîëîæèòåëüíûì ðåçóëüòàòàì ó áîëüøèíñòâà æèâîòíûõ — íîñèòåëåé
îïóõîëåé. Âûâîäû: ïðîäåìîíñòðèðîâàíà âîçìîæíîñòü âûäåëåíèÿ îïóõîëüñïåöèôè÷íûõ CD4+ Ò-êëåòîê ó ìûøåé ñ
ïåðåâèâíûì ëåéêîçîì. Ýòè CD4+ Ò-êëåòêè îêàçûâàþò òåðàïåâòè÷åñêîå äåéñòâèå íà ìûøåé ñ ëåéêîçîì ïðè èõ àäîïòèâíîì
ïåðåíîñå â êîìáèíàöèè ñ ëå÷åíèåì öèêëîôîñôàìèäîì.
Êëþ÷åâûå ñëîâà: ëåéêîç, èììóíîòåðàïèÿ, Ò-êëåòêè.

(Cy + unselected T cells) showed significantly longer sur-
vival time compared with other groups (p < 0.01).

T cells subset experiment revealed that CD4+ T cells
but not CD8+ T cells account for the antitumor capacity
upon adoptive transfer in L615 leukemia model. This is
in accordance with the lack of cytotoxicity and specific
release of IFN-γ.

Some other studies have suggested the important
role of helper T cells in antitumor immunity. It has been
reported that the presence of high concentrations of cy-
tokines produced by CD4+ T cells, such as IFN-γ and
IL-2, could stimulate other effector cells to become fully
responsive and develop immunological memory [3]. In
another leukemia model, adoptive transfer of helper
T cells alone can induce permanent regression of tumor
along with higher proportion of CD4+ T cells [4].

Thus, we demonstrate the feasibility of separating tu-
mor response specific T cells from CD4+ leukemia mice,
and that adoptive transfer of CD4+ T cells in combination
with Cy pretreatment can cure experimental leukemia.
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Fig. 1. IFN-γ release assay. Background IFN- γ secretion of lym-
phocytes alone is shown also
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