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Abstract: We purified a hybrid cytokine that contains interleukin-7 (IL.-7) and the beta-chain of hepatocyte growth
factor (HGFB) from a unique long-term murine bone marrow culture system. We have cloned and expressed the
human form of IL-7/HGF in which the IL-7 and HGF( genes are connected by a flexible linker to produce a single-
chain recombinant human IL-7/HGFp protein (hrlL.-7/HGFp). To determine whether hrlL-7/HGF[ has antitumor activ-
ity, we injected this hybrid cytokine into melanoma and colon cancer animal models, and then assessed the local
tumor growth and tumor metastasis. We show here that in vivo administration of hrll-7/HGFp significantly inhibited
the growth and metastasis of malignant melanoma and colon cancer in mice. The antitumor activity was involved
in a marked increase in the number of tumor-infiltrating CD4* and CD8* T cells and activated dendritic cells. The immu-
nological mechanism by which hrlL-7/HGF inhibits tumor growth was confirmed by its inability to inhibit tumor growth
in vitro and in immunodeficient mice. Furthermore, immune cells from hrll-7/HGFpB-treated cancer-bearing mice can
be adoptively transferred into naive mice to resist same tumor cell challenge. Therefore, hrll-7/HGF has potential

applications in the treatment of cancer patients.
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Introduction

We purified a novel hybrid cytokine consist-
ing of IL-7 and HGFpB from a unique long-term
bone marrow culture system for the genera-
tion of lymphocytes [1, 2]. We have cloned
and expressed a single-chain mouse IL-7/HGF(
in which the IL-7 and HGF[ genes are connect-
ed by a flexible linker to produce rIL-7/HGF(
protein [3]. We have reported that in vivo admin-
istration of the murine rIL-7/HGF( hybrid cyto-
kine inhibits the growth of local tumors and met-
astatic tumors in mouse models of colon cancer
and melanoma [4].

Since it has been shown that murine rIL-7 does
not efficiently stimulate human lymphoid cells
[B], it was necessary to develop a human form
of the hybrid cytokine for potential clinical utili-
ty. Therefore, we cloned and expressed the
human (h) rIL-7/HGF( protein containing hlL-7
and hHGFp [6]. Since hrIl-7 and hrHGF are
active in the mouse [5], we were able to con-
duct preclinical studies of antitumor effects of

the human hybrid cytokine in mouse models.
We show here that in vivo administration of hrlL-
7/HGFB also significantly inhibited the local
tumor growth and metastases of melanoma
and colon cancer. The antitumor mechanism is
immunological, involving the expansion and
activation of tumor infiltrating lymphocytes
(TILs) and dendritic cells (DCs). We have also
expanded our studies to show that hrlL-7/HGF[3-
induced immune responses were tumor-specific
and could be adoptively transferred to naive
mice to enable these mice to resist same tumor
cell challenge.

Materials and methods
Cell lines and mice

Murine CT-26 colon cancer cells and B16-
F10 melanoma cells were obtained from the
National Cancer Institute (Frederick, MD) and
the American Type Culture Collection. BALB/c,
C57BL/6 and NU/J nude mice were purchased
from Jackson Laboratory. Murine breast cancer
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Figure 1. In vivo administration of hrIl-7/HGFf inhibits local growth of melanoma and colon cancer. (A, B) C57BL/6
mice were injected s.c. with 1x10° B16F10 melanoma cells followed by intratumoral (i.t.) injections with (A) hrlL-7/
HGFB (2.5, 5, 15, or 30 ug) or PBS, (B) equimolar doses of hrIL-7/HGFB (15 ug), hrlL-7 (5 pg) and/or hrHGF( (10
ug) or PBS, at 2-day intervals from days 2-14 after tumor inoculation. (C) BALB/c mice were injected s.c. with 2x10°
CT-26 colon cancer cells, followed by i.t. injections with equimolar doses of hrIL.-7/HGF( (15 ug), hrlL-7 (5 pug) and/or
hrHGFB (10 ug) or PBS, at 2-day intervals from days 2-24. (D) BALB/c mice were injected s.c. with 2x10° CT-26 colon
cancer cells, and i.t. with hrll-7/HGFB (15 ug) or PBS at 2-day intervals from days 10-24. Tumors were measured
twice weekly. The mean tumor volume (mm?3) + S.D. at the indicated time points are shown. The data are representa-
tive of 2 independent experiments with 4-6 mice per group with similar results.

66.1 cell line was kindly provided by Drs. A. M. vivo injection. To induce localized tumors,
Fulton and N. Kundu (University of Maryland). 2x10% CT-26 colon cancer cells, or 1x10°
Mice were used according to protocols appro- B16F10 melanoma cells were injected subcu-
ved by the Institutional Animal Care and Use taneously (s.c.) into the flank of syngeneic
Committee of the University of Connecticut and BALB/c, or C57BL/6 mice, respectively [4]. The
were conducted in accordance with NIH guide- indicated doses of hrIL.-7/HGFf, hrIL-7 and/or
lines. hrll-7/HGFB, hrlL.-7 and hrHGF(B were hrHGFB (or PBS) were then injected into the
cloned, expressed, and purified as we have tumor injection site at 2-day intervals over the
described [6]. indicated time period. Tumor size (volume) was
determined twice weekly by caliper measure-
Evaluation of local tumor growth and pulmo- ments of the shortest (A) and longest (B) diam-
nary metastasis eter, using the formula V = (A2B)/2.
Cancer cells in the exponential growth phase To induce pulmonary metastases, 2x10° CT-26
were harvested and washed in PBS before in or B16F10 cancer cells were injected into the
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Figure 2. hrll-7/HGFp increases the infiltration of T cells and activated DCs in tumors. C57BL/6 mice were injected
s.c. with B16F10 melanoma cells and treated with equimolar doses of hrIL-7/HGFB (15 pg), hrll-7 (5 pg) and/or
hrHGFp (10 ug) or PBS as in Figure 1B. Seventeen days after tumor inoculation, the mice were euthanized and the
tumors were removed. Single-cell suspensions from the tumors were analyzed by flow cytometry for (A) CD4* and
CD8* T cells, and CD11c* DCs; and (B) the expression levels of CD80 and CD86 on the CD11c* DCs. Data represent
(A) mean numbers + SD of positive cells per mg tumor tissue from 4 to 6 mice per group; and (B) relative mean *
SD fluorescence intensity (MFI) of CD80 and CD86 on DCs in cytokine or PBS-treated tumors. *P<0.05 compared
with PBS-treated group; **P<0.05 as compared with the hriIL-7 and/or hrHGFB-treated groups. (C-E) Tumor sections
were analyzed for presence of (C) CD4* T cells, (D) CD8* T cells and (E) CD11c* DCs by immunofluorescence. DAPI
(blue), CD4* or CD8* T cells (green) and CD11c* DCs (red). Scale bar = 100 um. Representative tumor sections are
shown.

tail vein of syngeneic mice, and hrlL-7/HGF{ or Flow cytometry
PBS were injected intravenously (i.v.) at 2-day

intervals from days 2-18. The animals were Single-cell suspensions from tumors, and drain-

euthanized at the indicated times after tumor ing or non-draining lymph nodes were stained

inoculation. Metastatic tumor nodules in the with the following fluorochrome-conjugated

subpleural regions of the lungs were counted antibodies: CD4, CD8, CD11c, CD80, and CD86

under a dissecting microscope. (BioLegend or BD Biosciences, San Diego, CA).

The samples were analyzed on a FACSCalibur

Evaluation of TILs and DCs flow cytometer (Becton and Dickinson). Data
o ) . analysis was done using FlowJo software

At the indicated time points, the s.c. tumors (Ashland, OR).

were excised, weighed, minced into small frag- ’

ments, and digested in 1 mg/ml collagenase IV Immunofluorescence

(Sigma, St. Louis, MO) and 0.1 mg/ml DNase

(Sigma, St. Louis, MO) at 37°C for 1 hour. The Frozen sections of tumor tissue were prepared

dissociated cells were then prepared for pheno- as described [7]. The sections were stained

typic analysis of immune cells by flow cyto- with the following fluorochrome-conjugated

metry. antibodies: CD4, CD8, and CD11c (BioLegend,
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Figure 3. hrll-7/HGFp treatment increases the numbers of CD4* and CD8*
T cells, and CD11c* DCs in the DLNs of melanoma-bearing mice. Single-cell
suspensions of DLNs from the cytokine-treated tumors as in Figure 1B were
analyzed for the numbers of CD4* and CD8* T cells, and CD11c* DCs. Data
represent mean numbers of positive cells + SD from 4 to 6 mice per group.
*P<0.05 as compared with the PBS-treated group; **P<0.05 as compared

with the hrIl-7 and/or hrHGFB-treated groups.

or BD Biosciences, San Jose, CA). All of the sec-
tions were then counterstained with 4’,6’-dia-
midino-2-phenylindole (DAPI; Sigma) and ob-
served under a Nikon A1R Spectral Confocal
microscope (Nikon, Kanagawa, Japan). A mini-
mum of 6 sections from each tumor tissue
were used to evaluate CD4*, CD8*, and CD11c*
cells.

Statistical analysis

P-values were based on the two-sided Student’s
t test. A confidence level above 95% (P<0.05)
was determined to be significant.

Results

hrll-7/HGF inhibits local tumor growth in a
dose-response manner

To determine the antitumor activity of hrlL-7/
HGFB, B16F10 melanoma cells were injected
s.c. into the flank of syngeneic C57BL/6 mice.
The mice were then injected at the tumor site
with different doses of hrlL-7/HGFB (2.5, 5, 15
and 30 pg/injection) at 2-day intervals from
days 2-14. Control vehicle (PBS) was used as
controls. Tumor volumes in each group were
measured over time and compared statistically.
As shown in Figure 1A, tumor growth was inhib-
ited by hrIL.-7/HGFp in a dose-responsive man-
ner, with no detectable effect seen by day 17 at
the 2.5-ug level and greater than 75% inhibi-
tion at the 30-ug level.

To compare the antitumor effect of hrIL-7/HGF[3
with its component cytokines, C57BL/6 mice
were injected at the tumor site with optimal and
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equimolar amounts of hrlL-7/

PBS HGFB (15 ug/injection), hriL-7
hriL-7 (5 pg/injection) and/or hrHG-
hrHGFB FB (10 pg/injection), accord-
hriL-7+ ing to the above schedule. As
hrHGFp shown in Figure 1B, hrIL-7
hriL-7HGF alone or mixed with hrHGF(

inhibited local tumor growth
by ~43% by day 17, whereas
hrHGF{ alone had no effect. In
contrast, the hrIL-7/HGFB hyb-
rid cytokine inhibited tumor
cell growth by ~76% by day 17
(P<0.01). The results indicate
that the single-chain hrlL-7/
HGFB hybrid cytokine has a
higher antitumor activity than
hrll-7 used alone or mixed
with hrHGFp.

To determine hrIL-7/HGFf has antitumor effect
on other cancers, BALB/c mice were injected
s.c. with murine CT-26 colon cancer cells. The
mice were then injected at the tumor site with
equimolar amounts of hrIl-7/HGFB (15 g/
injection), hrlL-7 (5 pg/injection) and/or hrHGFf3
(10 ug/injection), or PBS at 2-day intervals from
days 2-24. Similarly, hrlL.-7/HGFB hybrid cyto-
Kine has a higher antitumor activity than hriL-7
used alone or mixed with hrHGFp in the colon
cancer model (Figure 1C).

We then determined whether hrlL-7/HGF treat-
ment can inhibit the growth of established local
tumors. To this end, BALB/c mice were injected
s.c with CT-26 colon cancer cells. After the
tumors were visible and palpable, the mice
were injected with hrlL-7/HGFB, or PBS. A sig-
nificant antitumor activity was observed in mice
in which hrll-7/HGFB treatment was initiated
after cancers had been established (Figure
iD).

To determine whether hrlL-7/HGFp, hrlL-7 and/
or hrHGFf directly affect the growth of tumor
cells, CT-26 and B16F10 cancer cells were cul-
tured in vitro for 2 to 7 days in the presence of
20 to 150 ng/ml rIL-7/HGFB, hrIL-7 and/or
hrHGF(B (or PBS), a dose range that has been
shown to stimulate the proliferation of T cells
(4). The rate of tumor cell growth was not signifi-
cantly different at any dose level of hrlL-7/HGF[3
from those observed in in cultures containing
PBS, or equimolar amounts of hrlL-7 and/or
hrHGF( (data not shown). Hence, the mecha-
nism by which rIL-7/HGF inhibits the growth of

Am J Cancer Res 2017;7(8):1714-1723
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Figure 4. hrll-7/HGFp inhibits the formation of pulmonary metastases by melanoma and colon cancer cells. A.
C57BL/6 mice were injected i.v. with 2x10° B16F10 cells, followed by i.v. injections with equimolar doses of hrlL-7/
HGFB (15 pg), hrlL-7 (5 pg) and/or hrHGFB (10 pg) or PBS at 2-day intervals between days 2-18. B. BALB/c mice
were injected i.v. with 2x10° CT-26 colon cancer cells, followed by injections with hrll-7/HGFB (15 pg) or PBS at
2-day intervals between days 2-18. A, B. The mice were euthanized on day 21 after tumor cell inoculation, and the
total tumor nodules visible at the surface of the lungs were counted under a dissecting microscope. *P<0.05 as
compared with PBS-treated group. **P<0.05 as compared with the hrlL-7 and/or hHGFB-treated groups. The data
are representative of 2 independent experiments with 4-6 mice per group with similar results.

the cancers in vivo would not appear to involve
direct cytotoxic or cytostatic activities.

hril-7/HGFB induces infiltration of T cells and
activated DCs

We then determined whether hrlL-7/HGF[ had
an effect on TILs and DCs in the tumors. To nor-
malize for differences in tumor size at the time
of sacrifice, we assessed the numbers of TlLs
per mg tumor tissue. On day 17 after tumor
inoculation of B16F10 cancer cells, single-cell
suspensions of tumor tissue from mice treated
with equimolar amounts of hrlL-7/HGF, hrlL-7
and/or hrHGFpB, or PBS (see Figure 1B) were
analyzed for CD4* and CD8* T cells, as well as
CD11c* DCs by flow cytometry. As shown in
Figure 2A, hrlL-7 alone or mixed with hrHGF
modestly (1.7 to 2.0-fold) increased the num-
bers of CD4* and CD8* T cells (but not DCs) in
the tumors, and hrHGFp alone had no effect. In
contrast, hrlL-7/HGF[ tremendously increased
the numbers of CD4* and CD8* T cells, as well
as DCs 3.9 to 5-fold above the levels in PBS-
injected controls. Furthermore, like murine
rIl-7/HGFB, hrll-7/HGFB also enhanced the
expression of CD80 and CD86 by the DCs
(Figure 2B), indicating that the DCs had under-
gone activation and maturation after hrlL-7/
HGFpB treatment. The increased percentage of
tumor infiltrating CD4* and CD8* T cells, as well
as CD11c* DCs was confirmed by immunofluo-
rescence (Figure 2C-E).

1718

In addition to the tumors themselves, there
was a parallel increase in the numbers of CD4*
and CD8* T cells, as well as activated DCs in
the draining lymph nodes (DLNs) (Figure 3).
Similar results were observed in rlL-7/HGFpB-
treated CT 26 colon cancer-bearing mice (data
not shown).

hril-7/HGFB inhibits pulmonary metastases of
melanoma and colon cancer

Having established that hrlL-7/HGFp inhibited
local tumor growth, we wanted to assess
whether hrlL-7/HGFB could also inhibit meta-
static tumors. To this end, C57BL6 mice were
injected i.v. with B16F10 melanoma cells to
establish pulmonary metastases. The mice
were then treated with 15 pg hrlL-7/HGF( or
equimolar doses of hrll-7 and/or hrHGF (or
PBS). The mice were euthanized on day 21, the
lungs were removed and weighed, and tumor
colonies on the surface of the lung were count-
ed. hrl-7/HGF( treatment reduced the num-
bers of metastatic nodules on the lungs by
approximately 5.1-fold, as compared with 1.3-
fold after hrlL-7 treatment (Figure 4A). The
trend observed for lung weights mirrored the
observed hrlL-7/HGFB-mediated reduction in
the numbers (and size) of lung metastases
(data not shown). Similar antimetastatic activi-
ty was observed in the lungs of hrIL-7/HGFpB-
treated BALB/c mice after i.v. injection of CT-26
colon cancer cells (Figure 4B). Similar to those

Am J Cancer Res 2017;7(8):1714-1723
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Figure 5. The antitumor and antimetastatic activities of hrlL-7/HGFf in nude mice. Nude mice were injected s.c. with
(A) 1x10° B16F10 melanoma cells or (B) 2x10° CT-26 colon cancer cells, followed by i.t. injections with hrlL-7/HGF
(15 ug) or PBS at 2-day intervals between (A) days 2-14, or (B) days 2-24 after tumor cell inoculation. Data represent
mean tumor volume (mm?) + S.D. is shown; 5 mice per group. Nude mice were injected i.v. with 2x10° (C) B16F10
melanoma cells or (D) CT-26 colon cancer cells, followed by the i.v. injection of hrlL-7/HGF[ (15 ug) or PBS at 2-day
intervals between days 2-18. Data represent mean + S.D. numbers of tumor nodules in the lungs on day 21; 5 mice
per group. *P<0.05 as compared with the PBS-treated group.

observed in the DLNs after the local admi-
nistration of hrIl-7/HGFB, randomly sampled
peripheral lymph nodes also contained signifi-
cantly increased numbers of CD4* and CD8* T
cells, and activated DCs following the systemic
administration of hrIL-7/HGF[3 (data not shown).
These results indicate that these immune cells
may also be involved in the antimetastatic
activity of hrIL-7/HGFp.

The antitumor activity of hril-7/HGF is lost in
immunodeficient mice

To confirm that immune cells were involved in
the antitumor activity of hrlL-7/HGF, the previ-
ous experiments were repeated in nude mice
that lack functional T cells. In contrast to its
effects in immune-competent BALB/c and C5-
7BL/6 mice, hrlL-7/HGF failed to inhibit local
tumor growth in nude mice by both CT-26 colon
cancer cells (Figure 5A) and B16F10 melano-
ma cells (Figure 5B). However, the antimeta-
static activity of hrlL-7/HGFB was only partly

1719

lost in nude mice (Figure 5C, 5D). These results
suggested that T cells play a critical role in the
inhibition of local tumor growth by hrlL-7/HGF.
However, other immune cells are also involved
in the antimetastatic activity of hrlL-7/HGF.

hril-7/HGFB-induced tumor immunity prevents
recurrence of the same tumor

To determine whether hrll-7/HGFB-induced
antitumor immunity enabled the host to resist
tumor growth, BALB/c mice were injected s.c.
with CT-26 colon cancer cells and treated with
hrIL.-7/HGFB or PBS as described in Figure 1C.
Twenty five days later, the tumors were surgi-
cally removed, and these mice were re-injected
in the opposite flank with the same cancer
cells, or with 66.1 murine breast cancer cells
as specificity controls. We found that the growth
of the re-injected colon cancer cells was signifi-
cantly reduced in the hrlL.-7/HGFB-treated mice,
as compared with PBS-treated mice (Figure
6A). In contrast, the growth of unrelated 66.1

Am J Cancer Res 2017;7(8):1714-1723
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Figure 6. hrlL-7/HGFB-induced tumor immunity enables the host to resist the same tumor growth. BALB/c mice
were injected s.c. with CT-26 colon cancer cells and treated with hrlL-7/HGFB or PBS as in Figure 1C. Twenty five
days later, A. The tumors were surgically removed, and these mice were re-injected in the opposite flank with the
same cancer cells (2x10°), or with 66.1 murine breast cancer cells (8x10%). B. Spleens were harvested from the
hrlL-7/HGFB or PBS-treated mice. A single-cell suspension of the splenocytes was adoptively transferred into naive
BALB/c mice that were then injected s.c. with CT-26 colon cancer cells (2x10°) or 66.1 murine breast cancer cells
(8x10°). Tumors were measured twice weekly. The mean tumor volume (mm?3) + S.D. at the indicated time points
are shown. The data are representative of 2 independent experiments with 5 mice per group with nearly identical
results.

murine breast cancer cells was not significantly sons: 1) hrIl-7/HGF did not directly act on the
different between the two groups (Figure 6A). melanoma or colon cancer cells; 2) hrlL.-7/HGF3
These data suggest that hrlL-7/HGF[ treatment treatment increased the number of T cells and
can induce systemic tumor-specific immunity, activated DCs in the tumors and lymph nodes; 3)
thereby enabling the host to resist same tumor the in vivo antitumor activity of hrlL-7/HGF[3 was
cell re-challenge. lost in immunodeficient mice; 4) transferring
splenocytes from rlL-7/HGFB-treated cancer-
We also harvested spleen from the mice that bearing mice into naive mice enable these mice
had been injected with colon cancer cells and to resist same tumor cell challenge.
treated with hrIL-7/HGF(3 or PBS as in Figure
1C. A single-cell suspension of the splenocytes IL-7 is critical for the development, mainte-
was adoptively transferred into naive mice that nance and regeneration of T cells [8-11]. IL-7
were then injected s.c. with CT-26 colon cancer has been shown to have antitumor activity [12-
cells. Again, 66.1 murine breast cancer cells 18]. For example, tumor cell lines that were
were used as specificity controls. We found that transfected with the IL-7 gene to produce IL-7
local tumor growth from colon cancer cells, but protein locally had reduced tumorigenicity in
not from unrelated breast cancer cells, was sig- vivo, which was dependent on CD4* or CD8* T
nificantly reduced in the mice that had been lymphocytes [12, 14, 16]. Injection of rlIL-7
injected with splenocytes from rIL-7/HGF[3- directly into tumors also slowed tumor growth
treated colon cancer-bearing mice (Figure 6B). [47, 18]. Consistent with these studies, we
Taken together, these results suggest that hriL- show here that in vivo administration of hrIL-7
T/HGFB-induced tumor immunity can prevent inhibited tumor growth. However, when given in
recurrence of the same tumor or be adoptively the same molar amount, hrIL-7/HGF3 had sig-
transferred into naive mice. nificantly higher antitumor effect than hrlL-7
that was used alone or mixed with hrHGFp.
Discussion This difference may be qualitative as well as
quantitative.
We have shown that in vivo administration of
hrlL-7/HGFp inhibited the growth of local tumors It is well known that DCs play a critical role in
or metastatic tumors in mouse models of colon the activation of T cells. DCs express both the
cancer and melanoma. The antitumor mecha- IL-7 and HGF receptors [19-23]. Although it has
nism is immunological for the following rea- been reported that both IL-7 and HGF can indi-
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vidually affect DCs, they primarily influence the
development of immature DCs from intrathymic
precursors and peripheral blood monocytes [8,
20, 22-26]. Furthermore, IL-7 has been shown
to down-regulate the expression of MHC Il on
DCs and to diminish the homeostatic prolifera-
tion of CD4* T cells [27]. HGF has been report-
ed to favor the development of tolerogenic DCs
from monocytes [23] and to suppress DC func-
tions such as antigen-presentation [22]. Our
data showed that the individual factors hrlL-7
and/or hrHGFB did not significantly affect the
number of DCs and their expression of CD80
and CD86 in the cancer-bearing mice. In con-
trast, hrlL-7/HGF[ not only increased the num-
ber of DCs, but also enhanced the expression
of CD80 and CD86 by the DCs (Figure 2B),
which may contribute the higher antitumor
effect of the hybrid cytokine.

The mechanisms by which hrlL-7/HGF{ and the
individual factors have different effect on DCs
remain to be investigated. We have previously
shown that rIL-7/HGFB can cross-link the IL-7
and HGF receptors on co-expressing immune
cells, such as T cells and B cells [3, 6]. Such
cross-linking caused juxtacrine receptor inter-
actions, downstream signal cross-talk, and
novel functional readouts. It is possible that
hrlL.-7/HGFp also cross-linked the IL-7 and HGF
receptors on DC, resulting in novel functions
including enhanced cell survival, activation and
maturation of DCs.

Consistent with our previous reports, hrll-7/
HGF treatment also significantly increased the
number of T cells [28, 29]. This could be caused
directly by hrIL-7/HGFpB acting on T cells and in-
directly by hrlL-7/HGFB-induced increased num-
ber and activation of DCs. It remains to be
determined which subsets of T cells are affect-
ed and whether hrIL-7/HGF( directly affects the
functions of T cells by cross-linking the IL-7 and
HGF receptors on the cells.

Similar to our previous results by the use of
murine form of cytokine, hrHGF[3 alone or when
complexed with hrlL-7, did not stimulate tumor
cell growth in vitro although HGF/c-Met signal-
ing has been shown to stimulate the prolifera-
tion of tumor cells in vitro [30]. Most likely, this
is because although HGF3 binds to c-Met and
is required for the mitogenic activity of HGF, it
does not by itself stimulate cell growth [31, 32].

1721

In summary, we have demonstrated the antitu-
mor activity of hrlL-7/HGF in mouse models of
melanoma and colon cancer. This hybrid cyto-
kine, when used alone or in combination with
other therapeutic agents, may prove to be very
useful in the treatment of cancer patients.
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