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Regenerating gene (REG) I plays important roles in cancer cell biology. The purpose of this study was to
determine whether REG I affects cytokine production in cancer cells. We transfected TE-5 and TE-9 squa-
mous esophageal cancer cells with REG Ia and Ib and examined its effects on cytokine expression. We
found that transfecting TE-5 and TE-9 cells with REG I Ia and Ib led to significantly increased expression
of interleukin (IL)-6 mRNA and protein, but it had little or no effect on expression of IL-2, IL-4, IL-5, IL-10,
IL-12, IL-13, IL-17A, interferon-c, tumor necrosis factor-a, granulocyte-colony stimulating factor or trans-
forming growth factor-b1. The elevated IL-6 expression seen in REG Ia transfectants was silenced by
small interfering RNA-mediated knockdown. These finding suggest that REG I may act through IL-6 to
exert effects on squamous esophageal cancer cell biology.

� 2009 Elsevier Inc. All rights reserved.
Introduction Materials and methods
The human regenerating gene (REG) family belongs to the lectin
superfamily and encodes five small, secreted proteins. REG I was
originally isolated from pancreatic islet b-cells as an endogenous
growth factor [1,2] and was subsequently shown to exert mito-
genic effects on both b-cells and gastric stem cells [3,4]. It now ap-
pears that REG I plays important roles in tissue regeneration and in
cell proliferation and differentiation, as well as in mitogenesis and
carcinogenesis in gastric and enteric tissues [5–11]. Among the
various functions of REG I, we have been focused on the suscepti-
bility of treatment to provide more appropriate and individualized
treatment to patients of esophageal squamous cell carcinoma [12–
14].

Increasing evidence suggests that various cytokines play impor-
tant roles in carcinogenesis and are also involved in mediating
invasion, metastasis and apoptosis in many cancers [15,16]. We
hypothesized that REG I regulates cytokines, acting through them
to exert effects on cancer cell biology. To test that idea, we inves-
tigated the effects of REG I on cytokine production in esophageal
squamous cancer cells.
ll rights reserved.
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Cell lines and culture. We obtained the TE-5 and TE-9 esophageal
squamous cell carcinoma lines from the RIKEN Bio Resource Cen-
ter, Tsukuba, Japan, and the Cell Resource Center for Biochemical
Research Institute of Development, Aging, and Cancer at Tohoku
University, Japan. All cells were cultured in RPMI-1640 (Nissui
Pharmaceutical, Tokyo, Japan) supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS; Equitech-Bio, Kerrville, TX) and
antibiotics (100 U/ml penicillin G, 100 lg/ml streptomycin, and
2 mg/ml amphotericin B) in a humidified incubator at 37 �C under
an atmosphere of 5% CO2/95% air.

Establishment of stable transfectant for REG I. cDNA fragments
encoding human REG Ia or REG Ib (nucleotides 15–597 of
M18963 and nucleotides 58–619 of D16816, respectively) were in-
serted into the XhoI/XbaI site of the pCI-neo mammalian expres-
sion vector (Promega, Madison, WI). The expression vectors or a
control vector (without inserted DNA) were then introduced into
TE-5 and TE-9 cells by electroporation, after which the cells were
cultured for 2 weeks in RPMI-1640 supplemented with 10% FBS
and 500 lg/ml Geneticin (Invitrogen, Grand Island, NY). The result-
ing Geneticin-resistant clones were then harvested (TE-5 REG Ia/
TE-5 REG Ib and TE-9 REG Ia/TE-9 REG Ib cells) using cloning cyl-
inders, and the expression of REG Ia or REG Ib protein was con-
firmed by Western blot analysis.

Immunoblot analysis. Cells were cultured in 10-cm dishes for
24 h, after which serum-free RPMI1640 medium was added, and
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Table 2
siRNA sequence.

siRNA sequence (50–30)

REG Ia Sense 50-GCAAUUACAACGGAGUCAATT-30

Antisense 50-UUGACUCCGUUGUAAUUGCTG-30
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the cells were cultured for an additional 48 h. The supernatant was
then collected, and the protein concentration was determined.
Samples of extract containing 20 lg of protein were fractionated
by sodium dodecylsulfate–polyacrylamide gel electrophoresis
(SDS–PAGE) and transferred to nitrocellulose membranes (Trans-
Blot Transfer Medium, Bio-Rad Laboratories, Hercules, CA), which
were then blocked for 1 h with 5% skim milk in phosphate-buffered
saline (PBS) containing 0.1% Tween 20. The membranes were then
incubated first with anti-human REG I antibody (1:500 dilution),
which we recently purified, overnight at 4 �C, and then with perox-
idase-conjugated anti-mouse IgG (diluted 1:1000 in 0.1% Tween
20–PBS; Dako, Glostrup, Denmark) for 1 h. Immunodetection was
accomplished using ECL Plus Western blotting detection system
(GE Healthcare, Waukesha, WI). The membranes were subse-
quently exposed to X-ray film.

Real-time RT-PCR assays. For real-time RT-PCR, total RNA was
isolated from cells using a TRIzol Reagent (Invitrogen) and Pure-
Link RNA Mini Kit (Invitrogen) according to the manufacturer’s
instructions. After quantifying the isolated RNA using a spectro-
photometer, 2-lg aliquots were reverse transcribed using a Tran-
scriptor First Strand cDNA Synthesis Kit (Roche Diagnostics,
Mannheim, Germany).

The primer sequences used to amplify human REG Ia, REG Ib,
interleukin (IL)-6 and b-actin mRNA, and the Universal Probe Li-
brary (Roche Diagnostics) number, are shown in Table 1. Real-time
PCR was carried out in a LightCycler 480 (Roche Diagnostics) using
a LightCycler 480 kit (Roche Diagnostics). Levels of REG Ia, REG Ib
and IL-6 mRNA were normalized to those of b-actin. All experi-
ments were repeated five times per cell line with consistent results
(n = 5).

Enzyme-linked immunosorbent assays. Cytokine levels in the
supernatant of cultured cells were quantified using enzyme-linked
immunosorbent assays (ELISAs). Cells (1 � 106) were incubated in
50-ml flasks in RPMI-1640 medium with 10% heat-inactivated FBS
for 24, 48 or 72 h at 37 �C, after which the conditioned medium
was collected and cleared by centrifugation. The resultant superna-
tant was then qualitatively assayed for various cytokines [IL-2, IL-
4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-17A, interferon (INF)-c, tumor
necrosis factor (TNF)-a, granulocyte-colony stimulating factor (G-
CSF), transforming growth factor (TGF)-b1] using a Multi-Analyte
Profiler ELISArray Kit (SABiosciences, Frederick, MD) according to
manufacturer’s instructions.

In addition, IL-6 was quantity assayed using an IL-6 ELISA kit
(R&D Systems, Minneapolis, MN). IL-6 measurements were re-
peated five times per cell line with consistent results (n = 5).

REG I knockdown by small interfering RNA. Silencer predesigned
small interfering RNA (siRNA) (Ambion, Austin, TX) was introduced
into REG Ia-transfected TE-5 and TE-9 cells using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s instructions. In
brief, cells were grown to 50% confluence in 6-well plates. For each
well, 75 pmol of siRNA targeting REG Ia (ID 217337) or negative
control siRNA (Silencer Negative Control #1 siRNA; Ambion) were
Table 1
Primer sequences and Universal Probe Library (Roche Diagnostics) numbers used for
real-time RT-PCR.

Primer sequence (50–30) Universal Probe Library

REG Ia 50-GCTGATCTCCTGCCTGATGT-30 #21
50-CAACTCTGTCTGGGCCTCTT-30

REG Ib 50-CCAACTCGTTCTTCATGCTG-30 #52
50-AGCTCTGTCTGGGACTCCTG-30

IL-6 50-GATGAGTACAAAAGTCCTGATCCA-30 #40
50-CTGCAGCCACTGGTTCTGT-30

b-Actin 50-CCAACCGCGAGAAGATGA-30 #64
50-TCCATCACGATGCCAGTG-30
mixed with 5 ll of Lipofectamine 2000 in 500 ll of Opti-MEM I
medium (Invitrogen). The mixture was added to cells in 2 ml of
culture medium, after which the cells were incubated for 8 h.
The medium was then replaced with fresh culture medium, and
the cells were incubated for an additional 72 h. During that period
conditioned medium was collected after 24, 48 and 72 h, and as-
sayed for IL-6 using a specific ELISA. In addition, total RNA was iso-
lated from cells, and was used for RT-PCR analysis of IL-6
expression. The siRNA sequences used to this study are shown in
Table 2. All experiments were repeated five times per cell line with
consistent results (n = 5).

Statistical analysis. Data were expressed as the mean ± the stan-
dard deviation. Significant differences between two groups were
assessed using Student’s t test. All analyses were performed using
Fig. 1. TE-5 and TE-9 cells transfected with REG Ia and REG Ib DNA expressed REG
Ia (A) and Ib (B) mRNA and REG I protein (C). *P < 0.01 compare to mock cells.
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the Stat View J-5.0 (Abacus Concepts, Berkeley, CA), which yielded
two-sided P values. Values of P < 0.01 were considered significant.

Results

Transfection of esophageal cancer cells with REG I

The established REG I transfectants (TE-5 REG Ia/TE-5 REG Ib
and TE-9 REG Ia/TE-9 REG Ib cells) showed significantly stronger
expression of REG I mRNA and protein than the parent cells, or cells
transfected with the neomycin-resistance gene alone (mock-trans-
fected) (Fig. 1).
Fig. 2. Cytokine levels in culture supernatant conditioned by REG I transfectants or mo
higher supernatants from REG I transfectants than in those from control cells.

Fig. 3. In RT-PCR assays, REG I transfectants showed significantly stronger expression of
supernatants from REG I transfectants and mock-transfected control cells were measure
Screening for cytokines secreted by REG I transfectants

We initially tested for the presence of cytokines in cul-
ture medium conditioned for 72 h by TE-5 REG Ia/TE-5
REG Ib or mock-transfected TE-5 cells. Fig. 2 shows a pho-
tograph of a representative multi-ELISA plate. Whereas the
level of IL-6 in medium from TE-5 REG Ia/TE-5 REG Ib cells
was higher than in that from mock-transfected TE-5 cells,
there were no difference between the two cells types with
respect to the levels of any of the other cytokines tested
(IL-2, IL-4, IL-5, IL-10, IL-12, IL-13, IL-17A, INF-c, TNF-a, G-
CSF, TGF-b1).
ck-transfected control cells were screened by a multi-ELISA plate. IL-6 levels were

IL-6 mRNA than mock-transfected control cells (A). Levels of IL-6 protein in culture
d using a specific ELISA (B). *P < 0.01 compare to mock cells.



S. Usami et al. / Biochemical and Biophysical Research Communications 392 (2010) 4–8 7
Expression of IL-6 mRNA and protein in REG I transfectants

Expression of IL-6 mRNA was assessed by determining IL-6
mRNA/b-actin mRNA ratio. TE-5 REG Ia/TE-5 REG Ib and TE-9
REG Ia/TE-9 REG Ib cells showed significantly stronger expres-
sion of IL-6 than mock-transfected TE-5 or TE-9 cells (Fig. 3A).
We next determined the IL-6 concentration in culture medium
collected from the cells 0, 24, 48 or 72 h after. The time course
illustrated in Fig. 3B shows that IL-6 levels increased in a time-
dependent manner. Both TE-5 REG Ia/TE-5 REG Ib and TE-9 REG
Ia/TE-9 REG Ib cells showed significant increased secretion of IL-
6 (24, 48 and 72 h), as compared to mock-transfected TE-5 and
TE-9 cells.

Effect of REG Ia knockdown on IL-6 production in REG Ia transfectants

Finally, we examined the effect of knocking down REG Ia on
expression of IL-6 mRNA and protein in TE-5 and TE-9 cells. We
found that siRNA-mediated silencing of REG Ia expression also sig-
nificantly reduced expression of IL-6 mRNA in REG Ia transfectants
(Fig. 4A). Moreover there was a corresponding reduction in the
amount of IL-6 protein secreted into the culture medium
(Fig. 4B). By contrast, transfecting cells with a negative control siR-
NA had no effect on expression of IL-6.

Discussion

In the present study, we showed that REG Ia and Ib transfection
increased production of IL-6 mRNA and protein in TE-5 and TE-9
squamous esophageal cancer cells. Conversely, we also showed
Fig. 4. REG I knockdown reduced the expression of IL-6 mRNA (A) and prote
that silencing REG Ia expression using siRNA diminished expres-
sion of IL-6.

IL-6 is a multifunctional cytokine that was originally character-
ized as a regulator of immune and inflammatory responses; how-
ever, elevated expression of IL-6 has also been detected in
various epithelial tumors, including esophageal cancer [17–19].
The binding of IL-6 to its receptor leads to activation of JAK family
tyrosine kinases, which then stimulate multiple pathways involv-
ing MAPKs, PI3Ks, STATs and other signaling proteins [16,20,21].
Moreover, the involvement of IL-6 and its signaling cascades in a
variety of cancers is now apparent [22,23], and recent evidence
suggests IL-6 is a potential regulator of cancer stem cell activity
[24,25]. In that regard, Sansone et al. proposed that IL-6 may act
as a positive regulator of tumor stem cell self-renewal in breast
cancer, in the same way it regulates epithelial stem cells as part
of the natural inflammatory repair program to replace damaged
cells [26]. Similarly, Gao et al. provided evidence for the involve-
ment of IL-6 in cancer and identified an EGFR/IL-6/STAT3 signaling
cascade involved in the tumorigenesis of non-small cell lung ade-
nocarcinomas [27]. Those findings together with the observation
that REG I exerts mitogenic effects on gastric stem cells [3,4] sug-
gest that REG I acts via IL-6 to regulate cancer stem cell activity.

Esophageal squamous cell carcinomas generally have some de-
gree of radiosensitivity, which is why radiotherapy is frequently
used to treat both primary and recurrent esophageal cancers
[28,29]. Individual tumors can exhibit widely differing susceptibil-
ity to radiotherapy, however. Consequently, identification of reli-
able markers of radiosensitivity or the key molecules and
mechanism by which radiosensitivity is enhanced in esophageal
cancer cells would be highly desirable and has long been sought.
in (B) in REG Ia-transfected TE cells. *P < 0.01 vs. negative control cells.
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We initially reported that REG I transfection enhances the radio-
sensitivity of cultured esophageal cancer cells [12]. Moreover, we
found that, clinically, esophageal squamous cell carcinomas
expressing REG I was more susceptible to chemoradiotherapy than
those not expressing the molecule [13,14]. In the present study, we
found that REG I transfection increased expression of IL-6 mRNA
and protein, though IL-6 did not directly enhance radiosensitivity
(data were not shown). It was recently reported that IL-6 acts as
a radiosensitizer in Kaposi’s sarcoma cells [30], and that it en-
hances the cellular sensitivity to photodynamic therapy in several
solid tumors [31–33]. On the other hand, IL-6 has also been re-
ported to exert antiapoptotic and radioprotective effects in esoph-
ageal and head and neck squamous cell carcinomas [22,34,35], and
it appears the nuclear factor-jB (NF-jB) pathway and/or the STAT1
and STAT3 pathways are involved in mediating the radioprotective
effects [36–39]. It thus remains controversial whether IL-6 directly
enhances radiosensitivity.

In the pancreatic b-cell regeneration, it has been reported that
REG protein acts as a growth factor via its receptor in an auto-
crine/paracrine fashion [40]. It has been reported that REG Ia gene
expression is strongly induced in gastric cancer cells by IL-6 [41],
but it also has been reported that IL-6 alone does not induce REG
I expression [42]. Whether IL-6 induces REG I expression thus re-
mains unclear; however, we speculate that there is a crosstalk be-
tween IL-6 and REG I, and that IL-6 activation by REG I likely feeds
back positively to stimulate REG I expression.

In conclusion, we have shown that REG I regulates IL-6 produc-
tion in an esophageal cancer cell line. This finding suggests that
REG I may act through IL-6 to exert effects on squamous esopha-
geal cancer cell biology.
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