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SN38 increases IL-8 expression through the
MAPK pathways in HCTS cells
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Abstract. The overexpression of interleukin-8 (IL-8) is closely
associated with poor tumor differentiation, metastasis and
tumor progression. This study aimed to examine the effects and
mechanisms of action of SN38 (a metabolite of the camptothecin
derivative, CPT-11) on IL-8 expression in HCTS cells, using
ELISA, CCK-8 and western blot analysis. Among jatrorrhizine,
evodiamine, 5-fluorouracil and SN38, SN38 was found to inhibit
the proliferation of HCT8 cells in a dose-dependent manner,
but to increase IL-8 secretion from HCTS cells. Of the other
agents, evodiamine was found to inhibit both IL-8 secretion
and cell proliferation, and jatrorrhizine was found to increase
IL-8 secretion without any obvious inhibitory effect on cell
proliferation. Further experiments revealed that the increased
activation of p38 mitogen-activated protein kinase (MAPK),
extracellular signal-regulated kinase (ERK)1/2 and c-Jun
N-terminal kinase (JNK) by SN38 contributed to the decreased
cell proliferation and to the overexpression of IL-8 induced by
SN38. Our results suggested that the MAPK pathways are acti-
vated by SN38, resulting in the upregulation of IL-8 expression
and in the inhibition of cell proliferation in an IL-8-independent
manner. Thus, the potential benefit of the use of a combination
of camptothecin-11 with other chemical drugs with inhibitory
effects on IL-8 expression, should be paid more attention in
treating colon cancer.

Introduction

Interleukin-8 (IL-8),a cytokine of the CXC chemokine family (1),
is highly expressed in many tumor tissues, but is expressed at
low levels in normal tissues (2) and promotes tumor progression,
tissue invasion, metastasis and angiogenesis (3-10). In colon
cancer, IL-8 has found to be markedly overexpressed in the
majority of tumor tissues, and to be closely associated with poor
tumor differentiation, metastasis and tumor progression (11).
The neutralization of IL-8 may suppress the invasive potential

Correspondence to: Dr Da-Yong Jin, Pancreatic Cancer Group,
General Surgery Department, Zhongshan Hospital, Fudan University,
180 Fenlin Road, Shanghai 200232, P.R. China

E-mail: jin.dayong@zs-hospital.sh.cn

Key words: interleukin-8, camptothecin-11, colon cancer, evodiamine,
mitogen-activated protein kinase, SN38

of colonic tumors in vivo (12). Moreover, the elevated expres-
sion of IL-8 is closely associated with the increased adhesion,
migration and invasion of human gastric cancer cells (1,3,7). The
stable overexpression of IL-8 increases cell adhesion, migration
and invasion, whereas the knockdown of IL-8 induces oppo-
site effects (1). Mice expressing human IL-8 exhibit enhanced
inflammation and accelerated colon carcinogenesis (8).

The overexpression of IL-8 in tumor cells is often
induced in response to chemotherapeutic agents (e.g., 5-fluo-
rouracil, adriamycin, dacarbazine and paclitaxel) (13-17).
Camptothecin-11 (CPT-11), a water-soluble semi-synthetic
derivative of CPT with less toxic effects, is often used in the
treatment of many types of solid tumors, including those of
the lung, colon/rectum, ovaries and gastric system in clinic
practice (18,19). SN38, the active metabolite of CPT-11, has
been shown to induce the upregulation of IL-8 in the gastric
cancer cell line, AGS (16). However, the effects of SN38 on
IL-8 expression in colon cancer cells have not been elucidated
to date, at least to the best of our knowledge. In addition, the
molecular mechanisms responsible for the increase in IL-8
expresssion induced by SN38 have not yet been determined.

Mitogen-activated protein kinases (MAPKs) are known
to play a role in cell proliferation and IL-8 secretion (1,9,10).
Berberine hydrochloride has been shown to inhibit cancer cell
proliferation and IL-8 secretion by inhibiting the activation
of the MAPK pathway (9,10). However, evodiamine has been
shown to inhibit cancer cell proliferation but enhance IL-8
expression by promoting MAPK activation (10). However,
whether other chemotherapeutic drugs can also enhance IL-8
secretion in colon cancer cells has not yet been clarified.

Therefore, in present study, the effects of SN38 on colon
cancer cell proliferation and IL-8 secretion from HCTS cells
were investigated. Furthermore, the association between
MAPK pathway activation and the inhibitory effects of SN38
on cell proliferation and IL-8 upregulation in HCT8 cells was
also investigated, in an aim to elucidate the mechanisms of
action of SN38 in colon cancer.

Materials and methods

Materials and chemicals. SN38 (purity, 99.4%) was
purchased from Selleck Chemicals (Houston, TX, USA).
Evodiamine (Evo; purity, 98%), Jatrorrhizine (Jat; purity, 98%)
and 5-fluorouracil (5-Fu; purity, 98%) were obtained from
Melonepharma (Dalian, China). Trypsin and fetal bovine
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serum (FBS) were provided by Gibco (Grand Island, NY, USA).
The cell counting kit-8 (CCK-8) was provided by Dojindo
Laboratories (Kumamoto, Japan). The IL-8 enzyme-linked
immunosorbent assay (ELISA) kit was obtained from eBiosci-
ence (San Diego, CA, USA). Anti-p-p38 MAPK (Cat. no. 9211),
anti-p-extracellular signal-regulated kinase (ERK)1/2
(Cat. no. 9101), anti-p-c-Jun N-terminal kinase (JNK;
Cat.no.9251),anti-p-Janus kinase 2 (Jak2; Cat.no.3771),anti-Jak2
(Cat. no. 3773), anti-p-signal transducer and activator of tran-
scription 3 (STAT3; Cat. no. 9131), anti-STAT3 (Cat. no. 9132),
anti-p38 MAPK (Cat. no. 9212), anti-ERK1/2 (Cat. no. 9102),
anti-JNK (Cat. no. 9252) and anti-f-actin (Cat. no. 3700)
antibodies were supplied by Cell Signaling Technology
(Danvers, MA, USA). The ECL prime kit was purchased from
GE Healthcare (Little Chalfont, UK). SB202190, SP600125, and
PD98059 were purchased from Selleck Chemicals. Anisomycin
was obtained from Calbiochem (La Jolla, CA, USA).

Cell culture. The HCTS cells obtained from the Cell Bank of
Type Culture Collection of Chinese Academy of Sciences and
cultured in RMPI-1640 medium (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), supplemented with 10% FBS. The cells
were cultured at 37°C in a humidified incubator with 5% CO,.

Cell proliferation assay. The cells were seeded in 100 ul of
medium at 1.0x10° cells/ml in 96-well culture plates and grown
overnight. The cells were treated with SN38 (0.4-2,000 ng/ml),
Jat (1-400 M), 5-Fu (30 uM), Evo (0.1-100 xM), or a combina-
tion of Jat (50 and 100 xM) and SN38 (40 and 80 ng/ml) for
24 or 48 h. The medium was then removed and replaced with
an equal volume of fresh medium with an additional 10 ul of
CCK-8 solution followed by incubation at 37°C for a further
30 min. The absorbance of the dissolved solutions was detected
at 450 nm using a Thermo Scientific Varioskan Flash micro-
plate reader (Thermo Fisher Scientific, Inc.). The cell viability
rate was calculated as follows: (absorbance of drug-treated
sample/absorbance of control sample) x100.

To identify the involvement of MAPKSs in the modulation of
cell proliferation, following pre-treatment with or without inhib-
itors of p38 MAPK (SB202190, 25 M), ERK1/2 (PD98059,
20 uM) and JNK (SP600125, 20 uM), and the activator of
MAPKSs (anisomycin, 2.5 ng/ml) for 1 h, the cells were treated
with or without SN38 (40 ng/ml) for 24 or 48 h. Cell viability
was then measured by CCK-8 assay.

ELISA. For in vitro experiments, the HCT8 cells were seeded in
96-well culture plates and cultured overnight. Following treat-
ment with or without various concentrations of SN38, Evo, 5-Fu
and Jat for 48 h, the culture medium was collected and subjected
to IL-8 assay using a respective kit. To identify the involvement
of MAPKSs in the modulation of IL-8 expression, following
pre-treatment with SB202190 (25 yM), SP600125 (20 uM),
PD98059 (20 #uM) and anisomycin (2.5 ng/ml) for 1 h, the cells
were treated with or without SN38 (40 ng/ml) for 24 or 48 h. The
culture medium was then collected for IL-8 assay.

Western blot analysis. The cells were collected and lysed with
cell lysis buffer and sonicated 3 times, each for 15 sec. The
lysate was centrifuged at 14,000 x g for 15 min at 4°C, and
the supernatant was collected. Protein samples were separated
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by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto PVDF membranes
by the wet transfer approach. The PVDF membranes were
then blocked with 5% non-fat milk solution and incubated
with various primary antibodies overnight at 4°C. After being
washed with 1X PBST, the PVDF membranes were incubated
with the respective secondary antibodies. The protein bands
were visualized using the ECL-prime kit.

Statistical analysis. Each value represents the mean + SE.
Differences among groups were analyzed by one-way ANOVA
with Dunnett's Test using PrismDemo 5 software. A value of
P<0.05 was considered to indicate a statistically significant
difference.

Results

Use of different chemical compounds results in differential
effects on IL-8 secretion from HCTS cells. In our experi-
ments (Fig. 1), following treatment with Jat, SN38, 5-Fu and Evo
for 24 or 48 h, SN38 induced a significant increase in IL-8
secretion from HCTS cells (P<0.001 vs. control). However,
48-h treatment with Evo (0.1 xM) suppressed IL-8 secre-
tion (P<0.001 vs. control). In addition, although treatment with
Jat (50 and 100 ¥M) alone did not have a significant effect on
IL-8 secretion, the combination of Jat and SN38 significantly
increased IL-8 secretion (P<0.001 vs. control), compared to
treatment with SN38 (40 and 80 ng/ml) alone. Treatment with
5-Fu also increased IL-8 secretion, but without any significant
difference.

In order to confirm the effects of Jat, SN38 and Evo on IL-8
secretion from HCT8 cells, we further investigated the effects
of Jat, SN38 and Evo at various concentrations on IL-8 secretion
from and the viability of HCTS cells. As shown in Fig. 2, SN38
dose-dependently inhibited cell viability (P<0.001 vs. control),
but significantly increased IL-8 secretion in a dose-dependent
manner (P<0.001 vs. control). Jat had no obvious effect
on cell viability, but enhanced IL-8 secretion from HCTS
cells (P<0.01 and P<0.001 vs. control). In addition, Evo signifi-
cantly inhibited the viability of HCTS cells; however, it only
inhibited IL-8 secretion at a very low concentration (0.1 M)
(P<0.01 vs. control).

SN38 activates the MAPK pathways in HCTS cells. To deter-
mine the effects of SN38 on MAPK pathways, including the
p38 MAPK, ERK1/2 and JNK pathways in HCTS cells, western
blot analysis was conducted. Treatment with SN38 at 40 ng/ml
for 24 h increased the phosphorylation of p38 MAPK, ERK1/2
and JNK, then SN38 at 200 ng/ml increased the phosphoryla-
tion of p38 MAPK and ERK1/2, but not that of INK (Fig. 3).

SN38 inhibits the activation of the Jak2 pathway in HCTS cells.
In our experiments, we also determined the effects of SN38 on
the Jak2-STAT3 pathway. As shown in Fig. 4, to our surprise,
the results revealed that treatment with SN38 at 80 ng/ml
significantly decreased the phosphorylation of Jak2, whereas
it had no significant effect on the phosphorylation of STAT3.

Upregulation of IL-8 secretion induced by SN38 does not
affect its inhibitory effect on the viability of HCTS cells. In
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Figure 2. Effect of jatrorrhizine (Jat), evodiamine (Evo) and SN38 on interleukin-8 (IL-8) secretion and the viability of HCT8 cells. (A-C) Effect of SN38, Jat and
Evo on IL-8 secretion from HCTS cells, which was detected by ELISA. (D-F) Effect of SN38, Jat and Evo on the viability of HCTS cells, which was measured

by CCK-8 assay. Data represent the means £ SEM, “P<0.01 and ““P<0.001 vs. control.
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Figure 3. Effect of SN38 on the phosphorylation of p38 MAPK, ERK1/2 and
JNK in HCTS cells. Treatment with SN38 for 24 h inhibited the intracellular
phosphorylation of p38 MAPK, ERK1/2 and JNK, which was detected by
western blot analysis.
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Figure 4. Effect of SN38 on the phosphorylation of Jak2 and STAT3 in HCT8
cells. Treatment with SN38 for 24 h inhibited the intracellular phosphoryla-
tion of Jak2, which was detected by western blot analysis.

order to further clarify whether the MAPK pathways are
involved in cell proliferation, and whether SN38 inhibits
the proliferation of colon cancer cells through the activa-
tion of MAPKSs, the inhibitors of p38 MAPK (SB202190),
JNK (SP600125) and ERK1/2 (PD98059) were used in CCK-8
assay. As shown in Fig. 5, in the HCTS cells, treatment with
these inhibitors enhanced the inhibitory effects of SN38 on cell
proliferation (P<0.001 vs. control). To our surprise, not only
anisomycin, the activator of p38 MAPK and JNK, but also the
inhibitors of MAPKSs, all significantly decreased the viability of
the HCTS cells (P<0.01 and P<0.001 vs. control) (Fig. 5A and B).

SN38 increases IL-8 secretion by enhancing the phosphoryla-
tion of MAPKs in HCTS cells. In a previous study, SN38 was
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found to increase IL-8 expression in a dose- and time- depen-
dent manner in AGS cells (16). However, whether the promoting
effect of SN38 on IL-8 expression is cell-type dependent
remains unknown. In this study, as shown in Figs. 1,2 and 5,
SN38 was also found to increase the secretion of IL-8 from
HCTS cells (P<0.001 vs. control). Further experiments revealed
that anisomycin significantly increased the secretion of IL-8,
but reduced the viability of HCTS cells (P<0.001 vs. control);
however, treatment with anisomycin in combination with
SN38 completely enhanced IL-8 secretion (P<0.01 vs. aniso-
mycin) (Fig. 5). However, treatment with SB202190, SP600125
or PD98059 significantly decreased IL-8 secretion from HCTS
cells (P<0.001 vs. control), and also decreased IL-8 secretion
induced by SN38 (Fig. 5C).

Discussion

Previous studies have demonstrated that IL-8 is closely associ-
ated tumorigenesis and the metastasis of colon cancer, as well
as that of gastric cancer and breast cancer (8-10). Over the past
years, many chemotherapeutic drugs have been proven to induce
IL-8 overexpression in a number of cancer cells in vitro and
in vivo (13-17), indicating a potential risk of promoting cancer
metastasis during the treatment period or post-treatment period
in clinic practice. However, the effects and molecular mecha-
nisms of action of SN38 on IL-8 expression have not yet been
fully clarified, particularly as regards colon cancer. In this study,
we found that SN38 significantly enhanced IL-8 secretion from
HCTS cells by promoting the activation of the MAPK pathways.

It is well known that many chemotherapeutic agents
can induce the upregulation of IL-8 in tumor cells, which is
closely associated with resistance to chemotherapy and cancer
metastasis (7,9,15,16,20,21). The overexpression of IL-8 in
cancer cells has a wide significance to the tumor microenviron-
ment through CXCR1 and CXCR2 receptors on tumor cells,
neutrophils/tumor-associated macrophages and endothelial
cells, and even promotes angiogenesis and metastasis (3,6,7,17).
By contrast, the depletion of IL-8 induces cell cycle arrest and
increases the efficacy of chemotherapeutic agents in breast
cancer cells (22). In our experiments, it was very interesting
that the induction of IL-8 expression by some compounds
may be cell type-dependent and/or tissue type dependent. We
observed the effects of 4 compounds, namely Jat, Evo, 5-Fu
and SN38, on IL-8 expression in HCTS cells, and the results
indicated that only SN38 significantly enhanced IL-8 secretion
from HCTS cells. Evo, which has been found to significantly
induce IL-8 expression in AGS cells (9), even decreased IL-8
secretion from HCTS cells. 5-Fu, which has also been proven
to increase IL-8 expression in breast cancer cells (14), had no
significant effect on IL-8 secretion from HCT8 cells. Berberine,
a major alkaloid molecule isolated from the Chinese herbal
plant, Coptis chinensis Franch. Huanglian (C. chinensis), has
been shown to inhibit the proliferation, as well as the expres-
sion of IL-8 in AGS cells and MDA-MB-231 cells (9,10,23).
However, in our study, jatrorrhizine, another active compound
isolated from C. chinensis, can increase IL-8 secretion at high
doses (200 and 400 M) (Fig. 2B). Although previous studies
found that the upregulation of IL-8 was associated with the
proliferation of colon cancer cells (11,24), we found that the
proliferation of of HCTS cells was independent of IL-8. SN38
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Figure 5. MAPKs are involved in the inhibitory effects of SN38 on (A and B)
the proliferation of HCT8 cells for 24 and 48 h and (C) the upregulation of
interleukin-8 (IL-8) secretion. Cell viability was detected by CCK-8 assay
and the IL-8 content was measured by ELISA. SB202190 (SB): the inhibitor
of p38 MAPK, 25 uM; SP600125 (SP): the inhibitor of JNK, 20 uM;
PD98059 (PD): the inhibitor of ERK1/2, 20 #M; anisomycin: the activator of
p38 MAPK and JNK, 0.05 ug/ml. Data represent the means + SEM, "P<0.05,
“P<0.01 and "“P<0.001 vs. control; P<0.01 vs. anisomycin.
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significantly increased IL-8 secretion, but inhibited the prolif-
eration of HCTS cells in a dose-dependent manner.

SN38 is the metabolic active compound of CPT-11, which
is a first-line chemotherapeutic drug used in the treatment
of patients with colon cancer. In a previous study, SN38 was
shown to increase IL-8 expression in the AGS gastric cancer
cell line (16). Although the induction of IL-8 by compounds
was cell-type dependent, SN38 increased IL-8 expression both
in AGS cells (16) and, as shown in this study, in HCT8 cells in
a dose-dependent manner.

Further experiments demonstrated that SN38 markedly
enhanced the phosphorylation of ERK1/2,JNK and p38 MAPK
in HCTS cells. However, to our surprise, SN38 significantly
decreased the phosphorylation of Jak2, whereas SN38 had no
significant effect on the phosphorylation of STAT3. In order
to further clarify the association between MAPK pathways
and IL-8 secretion and cell proliferation, the inhibitors and
activator of MAPK pathway were used. MAPKs have been
disclosed to be actively involved in the modulation of IL-8
production (9,10,13,17,25-28). In agreement with these studies,
our results indicated that the activation of the ERK1/2, JINK
and p38 MAPK pathways was closely associated with the
constitutive IL-8 secretion from HCTS cells. On the one hand,
inhibitors of p38 MAPK, JNK and ERK significantly decreased
IL-8 expression from HCT8 cells. On the other hand, when the
MAPK agonist, anisomycin, was applied, IL-8 secretion was
enhanced.

SN38, similar to the MAPK activator, enhanced the acti-
vation of ERK1/2, JNK and p38 MAPK and increased IL-8
secretion, which was counteracted by the inhibitors of MAPKSs.
To our surprise, not only enhancing, but also decreasing the
activation of MAPKs both decreased cell viability since aniso-
mycin and SB202190, SP600125 and PD98059 all inhibited the
proliferation of HCTS cells. However, similar to our findings,
curcumin has been reported to induce apoptosis through the
activation of ERK1/2 in AGS cells (29), while apoptosis has
been shown to be enhanced by capsaicin by the inhibition of
MAPKSs in AGS cells (30). These results reflect the complex
functions of MAPKSs in cancer cells, indicating the importance
of MAPK pathways in the proliferation of colon cancer cells.
Although the activation of Jak2 has been proven to be involved
in IL-8 expression in AGS cells (9), in this study, SN38 signifi-
cantly inhibited the phosphorylation of Jak2, thus indicating
that the Jak2 signaling pathway was not involved in the IL-8
secretion induced by SN38 in HCTS cells.

In conclusion, SN38 inhibited the growth of HCTS cells
in an IL-8 independent manner, and significantly increased
IL-8 expression by promoting the activation of p38 MAPK,
ERK1/2 and JNK pathways, but that of Jak2 independently. All
of our findings suggested the potential combination of SN38
with other drugs with inhibitory effects on IL-8 expression in
the therapy of colon cancer in clinical practice to increase the
safety and efficacy of SN38. Whether Evo could counteract the
effect of SN38 on IL-8 secretion warrents further investigation
in future studies.
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