
Abstract. Interleukin (IL)-21 induces proliferation of
activated T and natural killer (NK) cells and enhances the lytic
function of NK cells. IL-23, a heterodimer composed of p19
and p40 molecule, can also enhance T cell proliferation and
interferon-Á production from activated T cells; however, its
effects on NK cells are currently unknown. We therefore
examined whether human tumors expressing IL-21 or IL-23
could produce antitumor effects in inoculated nude mice.
Esophageal tumor T.Tn cells were retrovirally transduced with
the IL-21 gene (T.Tn/IL-21) or the p19-linked p40 genes
(T.Tn/IL-23). The proliferation in vitro and the class I
expression of the major histocompatibility complexes of these
transduced cells were not different from those of parent cells.
T.Tn/IL-21 and T.Tn/IL-23 cells developed small tumors in
nude mice, but the tumors regressed spontaneously thereafter
in contrast to parent tumors. Expressed IL-21 or IL-23 in
human esophageal tumors can produce antitumor effects in a
T cell-defective condition.

Esophageal carcinoma remains an intractable disease with

high incidence in aged persons and rapid infiltration into

neighboring tissues. Thus its prognosis is unfavorable in

spite of recent multimodal treatments. Gene therapy is a

possible therapeutic strategy for cancer, which includes

forced expression of cytotoxic and proapoptotic genes in

tumors and augmentation of a host defense system.

Secretion of cytokines in tumors can activate cell-

mediated immunity against the tumors (1,2). Local

production of cytokines circumvents their adverse effects

that are induced by systemic administration of the

recombinant protein and in fact transfer of cytokine genes is

thereby a possible therapeutic approach for cancer

treatment. Previous studies demonstrated that cytokines,

secreted from T helper type 1 cells, could activate

immunocompetent cells and produced antitumor effects

when they were expressed in tumors (2, 3). Interleukin-21

(IL-21) is a novel cytokine and is secreted from activated

peripheral CD4+ T cells (4). The expression of the IL-21

receptors is also restricted to lymphohematopoietic tissues,

particularly in activated T, B and natural killer (NK) cells

(4, 5). IL-21 can induce proliferation of activated peripheral

T cells and the proliferation/maturation of NK cells (4). IL-

21 enhances interferon (IFN)-Á production and cytotoxic

function of activated T (6) and NK cells (4).

IL-23 is a recently discovered hetrodimeric molecule,

which is composed of the p19 subunit, a novel molecule

related to the p35 subunit of IL-12 and the p40 subunit of

IL-12 (7); therefore IL-23 is structurally related to IL-12

and has similar biological activities in vitro (7). IL-23, as well

as IL-12, is released from activated dendritic cells and

enhances proliferation of memory T cells and IFN-Á

production from activated T cells (7). However, IL-23 has

little effect on naive T cells in contrast to IL-12. The

receptor for IL-23 is composed of IL-12R‚1 and a novel

subunit, IL-23R (8); therefore, differential functions of IL-

12 and IL-23 are attributable to their receptor expression.

Although the immunological functions of both IL-21 and

IL-23 are characterized in vitro, their biological significance

in vivo has not been extensively studied. 

In this study, we transduced human esophageal tumor

cells (T.Tn) with the IL-21 or the p19-linked p40 (IL-23)

gene and examined whether forced expression of the genes

could achieve antitumor effects in inoculated nude mice.

Materials and Methods

Cells and mice. Human esophageal tumor T.Tn cells were

purchased from the Japan Cell Research Bank and „2 and PA317

cells were obtained from the ATCC (Manassas, VA, USA). These

cells were cultured in Dulbecco's modified Eagle medium

supplemented with 10% heat-inactivated fetal calf serum. BALB/c

nu/nu mice (5- to 6-week-old female) were purchased from Nippon

Clea (Tokyo, Japan). 
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Isolation of murine IL-21 and p19 subunit cDNA. The reverse

transcription-based polymerase chain reaction method was used to

clone murine IL-21 and p19 subunit cDNA. RNA was extracted

from subcutaneous murine Colon 26 tumors developed in BALB/c

mice, and synthesized first-strand cDNAs were amplified with the

following primers: for IL-21, forward (5’-ATTAAAGCTTCTG

GTGGCATGGAGAGGAC-3') and reverse (5'-TAGGATCCTGT

GTTCTAGGAGAGATGCTG-3'); for p19, forward (5’-CACAG

AGCCAGCCAGATCTGAGAAGC-3') and reverse (5'-CCATG

GGAACCTGGGCATCCTTAAGC-3'). The amplification consisted

of 30 cycles under the following conditions: for IL-21, 30 sec at 94ÆC

for denaturation, 30 sec at 58ÆC for primer annealing and 30 sec at

72ÆC for primer extension; for p19, 15 sec at 94ÆC/30 sec at 60ÆC/40

sec at 72ÆC. The sequences of both products were confirmed to be

identical to the published sequence (4, 7).

Transduction of tumor cells. The retrovirus vector LXSN (provided

by Dr. A. D. Miller, Fred Hutchinson Cancer Research Center,

Seattle, WA, USA) (9) was used to harbor either IL-21 cDNA or

p19-linked p40 cDNA (7). Both of p19 and p40 cDNA were linked

with an internal ribosomal entry site (10) and were transcribed by

the promoter in the long terminal repeats. The retroviral DNA was

transfected into ecotropic „2 cells using lipofectin reagent

(Invitrogen, Carlsbad, CA, USA) and, after the drug selection with

G418 (600 Ìg/ml, Invitrogen), cell-free supernatants of G418-

resistant clones were used as a retrovirus stock. The culture

supernatants containing retrovirus were incubated with

amphotropic PA317 cells in the presence of 8 Ìg/ml polybrene

(Aldrich, Milwaukee, WI, USA) for infection. Among the G418-

resistant PA317 cells, a clone that produced the largest amount of

IL-21 or p19/p40 mRNA was selected and the culture supernatants

were used for infecting T.Tn cells. G418 (600 Ìg/ml)-resistant T.Tn

cells were used for experiments. The amount of tp40 subunit

molecules in culture supernatants was assayed with an ELISA kit

(Biosource, Camarillo, CA, USA).

Northern blot analysis. RNA (20 Ìg) was subjected to

electrophoresis on a formaldehyde-agarose gel and was transferred

to a nylon filter. The filter was hybridized with [·-32P]dCTP-

labeled mouse IL-21 or p19 cDNA in a QuickHib solution

(Stratagene, La Jolla, CA, USA) with 0.1 mg/ml salmon sperm

DNA at 68ÆC for 1 h, and then washed with a solution of 0.2 X

SSC/0.1%SDS several times at 65ÆC.

Flow cytometry. Parent or transduced cells were incubated with

fluorescein isothiocyanate-conjugated monoclonal anti-HLA-A, -

B, -C antibody (PharMingen, San Diego, CA, USA) or fluorescein

isothiocyanate-conjugated rabbit anti-mouse immunoglobulin

antibody as a control at room temperature for 20 min in the

presence of 0.1% (w/v) sodium azide. The stained cells were

analyzed by FACScan (Becton Dickinson, Mountain View, CA,

USA) with CellQuest software (Becton Dickinson).

Animal experiments. Cells (5 x 106) were injected subcutaneously

into the right flank of naive BALB/c nu/nu (n=5) and tumor

volume was calculated according to the formula [1/2 x length x

width2]. Statistical analysis was performed by one-way analysis of

variance.

Results 

Establishment of T.Tn cells expressing IL-21 or IL-23. We

retrovirally transduced T.Tn cells with the IL-21 or p19-

linked p40 gene (T.Tn/IL-21, T.Tn/IL-23) and selected

G418-resistant cells. Northern blot analysis showed the

expression of the IL-21 and the p19 genes in T.Tn/IL-21 and

T.Tn/IL-23 cells, respectively (Figure 1). Since p19

molecules are secreted as heterodimers with p40 molecules,

we examined the amounts of secreted p40 molecules with

an ELISA. T.Tn/IL-23 cells produced 25±3 pg/ml of p40

molecules per 1x106 cells for 48 h, and the p40 from parent

cells were undetectable (less than 5pg/106/48h) with the

ELISA. Since antibody against murine IL-21 is currently

unavailable, we could not confirm the secretion of IL-21

from T.Tn/IL-21 cells. The expression level of class I

molecules of the major histocompatibility complex on the

transduced T.Tn cells was comparable to that on parent

cells (Figure 2) and their proliferation rate in vitro was not

significantly different from that of parent cells (p>0.05,

Figure 3).

Antitumor effects by IL-21- and IL-23-producing T.Tn cells.
We inoculated parent or transduced T.Tn cells into nude

mice (Figure 4). Mice inoculated with either T.Tn/IL-21 or
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Figure 1. Northern blot analysis of the expression of the IL-21 or the IL-
23p19 gene in transduced T.Tn cells.

Figure 2. Expression of the class I molecules of the major histocompatibility
complex. Parent and transduced T.Tn cells were stained with anti-HLA-A,
-B, -C antibody (shaded) or with control antibody (light line).



T.Tn/IL-23 cells developed tumors in the initial stage, but

the tumor growth came to be retarded thereafter in contrast

to parent tumors (p<0.01, after day 18). All the tumors

subsequently disappeared, while parent tumors and tumors

of vector DNA-transduced T.Tn cells (data not shown) grew

progressively. Growth of T.Tn/IL-21 tumors was not

different from that of T.Tn/IL-23 tumors (p>0.05).

Discussion

In this study, we demonstrated that human esophageal

tumor cells expressing IL-21 or IL-23 were rejected in

mature ·‚ T cell-defective nude mice. Our previous data

showed that T.Tn cells transduced with either the IL-2 or

the granulocyte macrophage-colony stimulating factor gene

produced antitumor effects in inoculated nude mice (11,

12), suggesting that human esophageal tumors were

susceptible to an immune system. The effector cells that

were responsible for the IL-21- and the IL-23-mediated

antitumor effects in nude mice remained uncharacterized in

the present study. We presume that the retarded growth

followed by rejection of the transduced tumors could be

partly attributable to NK cells, although T.Tn cells are

positive for the major histocompatibility complex class I

molecules. Interaction between the Ly-49 expressed on

murine NK cells and the class I molecules on their target

cells inhibits the NK cell-mediated lytic functions (13);

thereby, murine NK cells in nude mice are unable to

recognize human class I molecules and could kill class I-

positive T.Tn cells. IL-21 enhances cytotoxic activity and

IFN-Á production of activated NK and T cells in vitro (5, 6),

however, augmented NK activity by IL-23 has not been well

demonstrated. Our recent studies also showed that murine

colon carcinoma cells transduced with the IL-21 gene

produced T- and NK cell-dependent antitumor effects (14)

and that antitumor effects achieved by IL-23-expressed

colon carcinoma cells were due to T but not NK cells (15).

In fact, expression of the IL-23 receptors in NKT and Á‰ T

cells, which are functionally intact and involved in cell-

mediated immunity in nude mice, has not been analyzed;

therefore, these cells could be responsible for IL-23-

mediated immune responses in nude mice. Recently, IL-23

has been shown to directly activate macrophages (16) and

granulocytes also are possibly involved in IL-23-mediated

immune responses.

One of the IL-23 subunits, p40 molecules, are secreted

as monomers and/or homodimers, and the p40 complexes

can be antagonistic to IL-12-mediated immune responses

by binding to the IL-12 receptors (17). Transduction of

the p40 gene may therefore suppress immune responses

by inhibiting IL-23-mediated signal transduction. Our

study showed that growth of murine colon carcinoma

cells transduced with the p40 gene was not different from

that of parent cells (15), implying that the p40 complexes

are not inhibitory to antitumor responses. Further

studies, however, are required to elucidate the biological

functions of the p40 molecules secreted. In conclusion,

transfer of the IL-21 or the p19-linked p40 gene in

tumors can achieve antitumor effects even in an ·‚ T

cell-defective condition and this is a possible therapeutic

strategy for esophageal cancer patients whose immune

systems can be reduced. 
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Figure 3. Proliferation of parent and transduced T.Tn cells in vitro. Cells
(1 x 104) were seeded in 6-cm dish in triplicate and were counted on days
3, 5 and 7. Standard error bars are also shown.

Figure 4. Growth of parent and transduced T.Tn tumors developed in
nude mice. Standard error bars are also shown.
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