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Abstract

Purpose: Our previous works have revealed that CIAPIN1 (cytokine induced

apoptosis_inhibitor 1), a newly identified anti-apoptotic molecule playing an essential

role in mouse definitive hematopoiesis, is related to the development of multidrug

resistance (MDR) in gastric cancer-multicrug-resistance{(MBR) -cells. This study aimed

to investigate the possible role of CIAPIN1 in gastric carcinogenesis.
Experimental design: \We-detected-hHuman CIAPIN1 kexpression in tumor tissues of

83 gastric cancers patients and gastric mucosa of 138 patents with normal mucosa (n=13),

chronic gastritis (n=17), gastric atrophy (n=44), intestinal metaplasia (n=43), or

dyspepsia (n=21)nencancerous—gastric—mucosal—specimens was detected by with
immunohistochemistry. \We-alse-examinedMoreover, expression-efF-hCIAPINL expression

in cancerous and adjacent non-cancerous tissues of 15 gastric cancer cases, by-\Western

gastric mucosa of 10 patients with endesecepicatlyrnormal-specimensnon-ulcer dyspepsia

[J’H:E [x2]: Abstract should be re-written.

HL#E [x3]: In this paper, you may use terms hCIAPINZ,
phCIAPIN1, and pSihCIAPIN1 consistently, where appropriate. If
you use pSiCIAPIN, then use CIAPINand pCIAPIN, respectively.
Please decide.
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was detected by West blotting. In addition, Fe-furtherinvestigate-thefunctional-property
of CIARINA ~we-observed-the influences of hCIAPINL on cell proliferation and cell cycle

distribution of SGC7901 and MKN28 gastric cancer cells were determined in vitro by

(mRe: ik big

constructing gastric cancer cell sublines of SGC7901 and MKN28 with ectopic CIAPIN1

expression (via plasmid transfection) and CIAPIN1 knockdown (via colony selection).

Results: The expression of hCIAPIN1 was progressively reduced following the

severity of gastric pathology, with the level in-gastric-cancer-was significantly lower in

gastric_cancer than that-in normal gastric mucosa. Western blotting confirmed the

downregulated—expression of hCIAPIN1 was downregulated in cancerous tissues,
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compared with that in the -non-cancerous tissues and the normal gastric mucosa of

non-ulcer dyspepsia patients. In addition, in patients with gastric cancer, tFhe expression

level of hCIAPINL in-TFhM-stage—H+I\-was lower in patients with TNM stage [11+1V

than in those withthat—in— stage =+t —I+llgastric—cancers. tr—honcancerous—gastric

metaplasia,—whereas—the—latterfour—expressed—similarlevels—of -CIAPINI—In vitro,

(#HERm: Mk

(R ik R

Upregulation-upregulation of hCIAPIN1 suppressed cell proliferation and inhibited cell
cycle progression -SGC7901and-MKN28-gastric—cancer—eells-while knockdown of

hCIAPIN1 eenferred-increased cell proliferation and accelerated cell cycle progression in

SGC7901 and MKNZ28 gastric cancer cellsepposite-effects-to-the-above.
Conclusion: Ourdata-suggeststhat-CIAPIN1 expression is reduced progressively in

the development of gastric cancer. is—a—negative—regulator—in—gastric—carcinogenesis:

cancer-Reduced CIAPIN1 expression may contribute to gastric carcinogenesis by

up-regulating cell proliferation and accelerating cell cycle progression.

Key words: CIAPIN1; gastric cancer; —inmunohistochemistnys—expressiencell:

proliferation; cell cycle
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INTFRODBUCTIONIntroduction

Gastric cancer is one of the most common malignancies throughout the world,
especially in East Asian countries such as China, Japan, and Korea (1). It is widely

accepted that the development of gastric cancer is a multistep process from normal

mucosa to chronic gastritis, then to precancerous lesions including gastric_atrophy,

intestinal metaplasia, and dysplasia, and finally to invasive cancer (Correa P. Human

(#HgRm: FHEIe: 6

gastric_carcinogenesis: a multistep and multifactorial process--First American Cancer

Society Award Lecture _on Cancer Epidemiology and Prevention. Cancer Res

1992:52(24):6735-40). Moreover, gastric-carcinogenesis-is-a-multi-step-process-invelving

now that multiple and cumulative series of structural and functional genetic alterations of

oncogenes, tumor suppressor genes, DNA repair genes, cell cycle regulators, cell
adhesion molecules, and growth factors/receptors system are implicated in the onset and

progression of gastric carcinogenesis (2-5). But—However, the precise molecular

mechanisms of this progress remains largely unknown. Seeking for molecules associated
with the onset and/or progression of gastric cancer is still a hotspot in the research field of
gastric cancer.

CIAPIN1 (cytokine induced apoptosis inhibitor 1, initially anamorsin) is a newly
identified anti-apoptotic molecule with no structural relation to apoptosis regulatory
molecules of the Bcl-2 or caspase families (6). CIAPIN1 was approved to be a mediator
of RAS signaling pathway at least in Ba/F3 cells. The expression of CIAPIN1 is

upregulated by RAS activity by a possibly indirect process. And—CIAPIN1 exerts an

4«
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anti-apoptotic function probably by transcriptionally up-regulating the expression of
Bel-xL and Jak2. Mouse CIAPIN1 (mCIAPIN1) shares 82% amino acid identity to

human CIAPIN1 (hCIAPIN1, Genbank No. BC024196). In previous studiesstueying

gastric-MBR, we alse-found that the expression of CIAPIN1 was upregulared at both

MRNA and protein levels in multidrugresistance-gastric cancer cell lines SGC7901/VCR

and SGC7901/ADR, which are multidrug resistant, compared with their non-resistant

parental cell line SGC7901 (7, 8). Moreover, Eexogenous expression of human

hCIAPIN1 in SGC7901 leads to multidrug resistance (MDR) whereas downregulation of
human-hCIAPIN1 by small interference RNA sensitizes¢ SGC7901/ADR to anti-tumor
chemotherapeutic drugs, indicating that CIAPINL is a mediator of gastric cancer MDR
9).

Recently, Our—immunohistechemical-study—alsewe demonstrated that CIAPIN1 was
ubiquitously expressed in normal fetal and adult human tissues, with--& gastric mucosa
was-being one of the tissues with high expression of CIAPIN1, suggesting CIAPIN1

might exert some important function{s), such as anti-neoplastic effect, in gastric mucosal

cells (10). |

In the-a study carried out by Shibayama gt al, oncogenic H-Ras (H-RasG12V) could

induced the expression of mouse-mCIAPINI (6). In our immunchistochemical-study (10)

resuitswe diselesed-observed that the expression pattern of CIAPINL in adult human
tissues was similar to that of Ras as previously reported (5, 11-13). Ras signaling
pathway is responsible for a wide-range of cellular behaviors such as proliferation,

senescence, apoptosis and differentiation, and_thus, is involved in tumorigenesis (14, 15).
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Ras is the most frequently mutated proto-oncogene in human tumors. Therefore, we

postulated that CIAPIN1 may also play an important role in tumorigenesis, including

gastric_carcinogenesis, As-as a downstream effecter of receptor tyrosine kinase-Ras

signaling pathway.. the expression-and role-of CIAPINI in-tumors-allured-us-to-examine

- In this study, we
firstly examined the expression of CIAPIN1 in human normal, precancerous lesiens-and

cancerous gastric tissues, and then, we investigated the-in vitro influences of CIAPIN1 on

the-cell proliferation and cell cycle distribution of MKN28 and SGC7901 gastric cancer

cells. We found that the expression of CIAPIN1 was progressively downregulated in

mucosa-with-superficial-gastritis-or-atrophie—gastritisthe gastric carcinogenesis process,

and CIAPIN1 expression conferred suppression-suppressive effects on cell proliferation
and cell cycle progression of gastric carcinoma cells. These results suggest-indicate that

CIAPINL1 is a candidate tumor suppressor gene.

Materials and Methods

Patients and tissue specimen preparations

Two sets of gastric_specimens were used for the detection of CIAPIN1 protein

expression.

immunohistochemical evaluation of CIAPIN1 expression, human-cancerous and adjacent

non-cancerous (eefined-as-tissue-taken-fromi.e. at least 2.0 cm away from the tumor mass)
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gastric specimens were obtained by surgical resection from 83 patients (M/F, X/Y,

average age of XXX, age range, X-X years old) who were admitted to [Xijing Hospital,

The Fourth Military Medical University, Fhe—cancers—were—histologically—classified | #3% [x9]: Correct?

(HRE: 74 detk

(mRe: 7 Folk

tumors—In addition, ner-makignant-gastric mucosa specimens were taken from the gastric

antrum endescopically-from 55 patients (M/F, X/Y, average age of XXX, age range, X-X

years old) duringunderwent upper endescopic—endoscopy examination—for non-ulcer

dyspepsia in the same hospital. All the tissues were fixed in paraformaldehyde in 0.1 M

PBS, pH 7.4, at room temperature for at least 3 hours. The fixed tissues were dehydrated
in ethanol for paraffin embedding. Five-um thick sections were cut and mounted for

hematoxylin and eosin (H&E) staining and immunostaining staining. Fhe-histelegical

.The adjacent non-cancerous tissues (n=83) and biopsied gastric mucosa ({tetaty-n=55138 RN ARG 2o

AN FHHiG: a6

samples) were histologically eivided—classified_inte—as_normal, superficial gastritis_(or HRRM: FhEE: g

e

AN FHHit: a6

chronic _gastritis), atrophic gastritis_(or_gastric atrophy), intestinal metaplasia (IM) and AR TG 26

dysplasia based on criteria proposed by the Chinese Association of Gastric Cancer (18), WAL Y gt

WA FHHit: a6

or Updated Sydney system (Dixon MF, Genta RM, Yardley JH, Correa P. Classification RS FAEIE: a6

(
(
(
E
(##Rm: FHme: a6
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and grading of gastritis. The updated Sydney System. International Workshop on the

Histopathology of Gastritis, Houston 1994. Am J Surg Pathol. 1996 Oct;20(10):1161-81.). (B R FHEIe: 6

Gastric cancer was histologically diagnosed and classified according to the International

(#mRm: £0: 063 X
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Histological Classification of Tumors published by the World Health Organization (WHO)

(16). Tumor-node- metastasis (TNM) classification was applied with regard to depth of

(#RM: FHGI: 26

tumor invasion (17). For purpose of statistical analysis, stage | and Il tumors were

(#HRm: FHgin: aa

combined, as were stage |1l and 1V tumors.

For Western blotting analysis of CIAPIN1 expression-in-human-gastric-cancerand
benigh-gastric-mucosa, another set-of40-25 patients (15 patients with gastric cancer and

10 with non-ulcer dyspepsia) were recruited in the First Affiliated Hospital, School of

Medicine, Xi’an Jiaotong University. Gastric endoscepicathy—biopsied—specimens
{including_—10—grosshy—nermal—gastric—muecosa—and—15-cancerous as—weH—-asand their

adjacent non-cancerous gastric tissues (i.e. at least 2.0 cm away from the tumor mass)

from the 15 gastric cancer patients and antral mucoma from the 10 non-ulcer dyspepsia

patients,were obtained—from—Department—of-Gastroenterology,—1-Affiliated—Heospital
Sechoeol-of Medicine, i an-Haotong University, Fresh gastric tissues were snap frozen in

liquid nitrogen immediately and stored at —-80°C-C.,

Approval for conducting this study was obtained from the Institutional Review-=

Boards of Fourth Military Medical University and Xi’an Jiaotong University, Xi’an,

China.

Immunohistochemistry

Immunochistochemistry was performed using the mouse monoclonal antibody against

Histostain™-Plus SP kit (ZYMED, USA.). Briefly, the sections were deparaffinized with

8«
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xylane and rehydrated through gradient ethanol emmersion. Endogenous peroxidase
activity was quenched by 0.3% (vol/vol) hydrogen peroxide in methanol for 20 min,
followed by three 5-min washes in PBS). The section
then blocked with 10% (vol/vol) normal goat serum in PBS for 1 hr and
subsequently incubated with the anti-CIAPIN1 antibody diluted (1:200) in PBS
containing 0.1% (wt/vol) overnight at 4<C. Negative control was performed with
replacing the primary antibody with pre-immune mouse serum. After three 5-min washes
with PBS containing 0.02% (vol/vol) Tween-20 (PBST), the sections were treated with
biotinized goat anti-mouse antibody for 20 min at room temperature, followed by another
three 5-min washes with PBST. Then, the specimens were incubated with
S-A/HRP) for 20 min at room temperature, followed by
washes as above. Reaction product was visualized with diaminobenzidine (DAB) at room
temperature for 5 min. Counterstaining was performed with hematoxylin for 30 s
and washed with tap water. The sections were immediately dehydrated by sequential
immersion in gradient ethanol and xylene, and mounted with and
cover slips. Images were obtained from an Olympus BX51 microscope (Olympus, Japan)
equipped with a DP70 digital camera. H-&-E staining was also performed to verify the
histological diagnosis.

Expression of CIAPIN1 was evaluated according to the ratio of positive cells per
specimen and staining intensity as described previously (19). The intensity of the staining
was estimated on a scale from 0 to 3 ({0, {absent);; 1, {weak);; 2, {moderate;}; and 3
strong)} and the area of positivity value 1, —(focal or <10%;}; 2

10-49%;); and 3, {=50%) in consensus of three investigators.
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overall intensity score of the immunoreactivity was ebtained-calculated by multiplying

the intensity scale and-with the area values. Cases with Aan overall tetal-score ef-between

6—_and 9, bwtween 2-4 and between 0-1 waswere eensidered-defined as having strong,

2-4-weak, and 6-1-negative immunoreactivity, respectively.

Western blotting

Tissue lysis was performed with homogenization in RIPA lysis buffer (50 mM-
Tris-HCI, pH 8.0, 150 mM NacCl, 0.1% SDS, 0.02% sodium azide, 100 pg/ml PMSF, 1
pg/ml aprotinin, 1% nonidet P-40 and 0.5% sodium deoxycholate) on ice-bath followed
by centrifugation at 12,000 rpm for 10 min at 4°C°C.. Fhe-supernatants-were-colectedfor

\Westerp-blotting-analysis—The concentration of total cell proteins in the supernatants was

determined by Bradford assay. Equal amounts (50 pg) of total proteins were loaded in
12% SDS-PAGE and electroblotted to a nitrocellulose (NC) membrane (Milipore,

Bradford, CA), as previously described [(reference). \Non-specific binding was blocked

with 5% nonfat milk in PBST for 1 hr at room temperature. Then, the membrane was
incubated with anti-CIAPIN1 Mab (1: 400 in blocking solution) overnight at 4°C-C,

rinsed with PBST for-three times, followed by incubation with HRP-labeled goat
anti-mouse I1gG for 1 h. After three-times-washing with PBST three times, the bands were

developed with enhanced chemiluminescence (ECL) reagent for 5 min.

CIAPIN1 ectopic expression and siRNA plasmid vectors construction (9)

10~
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A plasmid expressing human CIAPIN1 (pCDNAS3.1-hCIAPIN1) was constructed by
inserting hCIAPIN1 CDS into the EcoRI-}-/Xhol-I- sites of pPCDNA3.1(+) (Invitrogen
). Two plasmids expressing hCIAPIN1 small interference RNA (SiRNA)
were constructed. The designed hCIAPIN1 siRNA sequences are: 5-G
GATCCGCAGATGAGCTCCCAACCAATTCAAGAGATTGGTTGGGAGCTCATCTG
TTTT
TTGGAAAAGCTT-3' (SiRNAL) and
5'-GGATCCGCCAAAGTCAGCTTGTGGAATTCAAGAGAT
TCCACAAGCTGACTTTGGTTTTTTGGAAAAGCTT-3' (siRNA2). The forward
and reverse sequences were synthesized, and cloned into the
EcoR|-I-/BamH sites of pSilencer 3.1-Neo (Ambion, Austin, TX), yielding
recombinant plasmids pSihCIAPIN1-1 and pSihCIAPIN1-2. The inserted sequences were
confirmed by DNA sequencing. Insert-free pcDNA3.1(+) and pSilencer 3.1-Neo were

used in transfection as controls.

Cell culture, transfection and colony selection

SGC7901 and MKNZ28 gastric adenocarcinoma cells were cultured in DMEM
supplemented with 10% FCS (Sigma Chemical Co., St. Louis, MO). The cells were
maintained in a humidified chamber with 5% CO2 at 37 <C.

Transfection was performed with Lipofectamine™ 2000 following the
manufacturer’s instruction. Briefly, SGC7901 cells were seeded into a 24-well plate one

day before transfection. Upon transfection, 0.8 pg of the plasmid and 2 ul of
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Lipofectamine™ 2000 were mixed in 0.2 ml DMEM and added into the wells.
Fwenty-four-hours-laterthe-The cells were tryptinized and 4:5-splitted at the ratio of 1:5
24 later. After another 24 hours, G418 (geneticin, Gibco BRL) was added to reach a
final concentration of 400 pug/ml to select the resistant colonies. After about 8 wks, when
the cell colonies were visible, individual colonies were picked up and cultured firstly in
24-well plates and then in 6-well plates. At about 80% confluence, the cell layer was
washed with ice-cold PBS; (pH 7.4), and scrapped off. Cells were harvested by
centrifugation and lysed in RIPA lysis buffer in ice bath for 30 min. After 12,000 rpm
centrifugation for 10 min at 4 <C—C, the supernatant was collected for Western blotting ho
select colonies with upregulated and downregulated CIAPINZ, respectivel){ Protein

concentration of the supernatant was determined by Bradford assay.

Cell proliferation

—For-cellpreliferation-experiment—Ceells were seeded into 96-well plates at 400~

cells/well and cultured at XC. Then, 20 i Fwenty-mitiiterof Cell Counting Kit (CCK)-8
reagent-solution (source, XXX XX) was added to each well at-on days 1, 2, 3, 4, 5, 6 and

7 days-after seeding. Two hours after addition of the CCK-8 reagent, optical density (OD)
at-495-nm-was determined_at 495 nm. For each experiment, the CCK-8 assay was

conducted in quadruplicate and the experiment was repeated for three times.

Determination of cell cycle distribution-

\ #tiE [x15]: What is meant by 1:5? \
| i [x16]: 24 hof what? )
|7 [X17]: What's this? )

H’H:E [x18]: I am not sure of the meaning. Check if correct/

{%ﬁﬁm:%xwm&u&w%aﬁﬁ,w%*t:@it?ml
LR, AR S HeE R A R )

/ #kE [x19]: The Cell Counting Kit (CCK)-8 assay? You should |
| provide the reference or the company who produces it.

/ #t¥E [x20]: Same wells or different wells on different days? | guess |
| different wells, i..e. the wells on different days were all different.

(#igRm: A00: 0.63 X




ells were seeded into 6-well plates and cultured
, cells were harvested by tryptinizing and single
cell suspensions were prepared in suspension buffer (PBS + 2% FBS). The cells were
washed with suspension buffer, resuspended at 1-2x10° cells/ml,
aliquoted into 1 ml/tube and fixed by adding 3 ml cold absolute ethanol and storing at
4 for 1 heur. After being washed two times with PBS, cells were stained with

propidium iodide (PI) staining solution (3.8 mM sodium citrate, 50 ug/ml Pl in PBS) and

RNA was removed by RNase A digestion at 4 for 3 hrs. Flow cytometry was
on a FACScan (Becton Dickinson, Heidelberg, Germany) equipped with

Cellguest software, and cellular DNA content was determined for 1 <104 cells.

Statistical analysis

Statistical analysis was performed with Mann-Whitney U test and student’s t test
were used to calculate the P value and to compare the differences of groups for
immunohistochemistry. Statistical SPSS software package (SPSS Inc, Chicago) was used

to analyze data. Differences were considered statistically significant at P <0.05.

hCIAPIN1 expression is down-regulated in dysplastic gastric mucosa and gastric cancer

tissues

CIAPIN1 was expressed uniformly in all normal gastric mucosa specimens detected,
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with 69.2% of the cases exhibit strong and 30.8% of the cases exhibit weak

immunostaining (Fig. 1A and fTabIe 1D. In NUD patients with normal gastric mucosa,

Sstrong CIAPIN1 immunostaining lecalizes-localized in the lower two thirds of the antral |
glands while the upper one third of the glands and the apical epithelia showed weak
staining. [In the gastric body glands, parietal cells exhibited strong positive staining while
other cells were weakly stained.

CIAPIN1 expression in gastric_atrophy and IM was slightly stronger to that in<

normal/chronic inflammatory gastric mucosa, but without a statistical significance (Fig 1,

comments in Table 1.
(#@Rm: THHE: a6
[?H:E [x241]: | have stated this in NUD patients in the Methods. ]

{ﬁtﬁ [x23]: Dr. Hao, Analysis in table 1 is not appropriate. See my }

#E [x25]: This makes scenario more complicated, as you didn’t
mention you took biopsies from both antrum and body. Oherwise,
you have to define and describe the antral, body and global
expression of CIAPIN1. Obviously, the location of gastric cancers of
the 83 patients should be presented. Were all them in the antral area?
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A-C). However, in cases with dysplasia, expression level of CIAPIN1 was significantly [#ttﬁ [x26J: Checkf e ight ]
lower compared with that in histologically normal/ chronic inflammatory gastric mucosa;
in_some sections where normal, atrophic, IM and dysplastic gastric glands were all
present, there was a sharp contrast in CIAPIN1 expression between normal glands with
intense immunostaining and dysplastic glands with weak or negative immunostaining

(HHR: Mk )
carcinogenesis, ( #% [x27]: Leave this to the Discussion. )

Moreover, ©compared with that in the normal gastric mucosa, expression of-

CIAPIN1 was markedly decreased in gastric adenocarcinoma tissues, in which 47% was

absent of CIAPIN1 immunostaining and only 20.5% showed strong immunostaining

RS gk AT 0 TR, UM S E AR
Aiidt, AP SCE ST IR, R S S R R

HiLiE [x28]: Please state clearly in your Methods that all cancer
were adenocarcima.

(Figures 1E-— and_1F and Table 1). Strong evidences for the difference in CIAPIN1
expression between cancerous and noncancerous gastric tissues came from some sections

across the border of the cancer crater where there was a sharp contrast was-diseerned-in
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CIAPIN1 specific immunostaining between cancerous and coexisting non-cancerous
tissues (Fig 1E).
FFo—furthermore, eenfirm—abeve—resulis—Western blotting analysis of CIAPIN1«

expression

RoRcaRcerous—counterparts—As-showninFig—confirmed that2; relativelyhighlevelof

(#=m: TiHgiIG: oo )

R gk EATEEE: 0 DK, T UM S AR
Aiidt, P SCE SO, 1SS R R

CIAPIN1 was uniformly expressed at relatively high levels in normal/chronic
inflammatory gastric mucosa of at-the 10 NUD cases, at nermalfinflammatory-cases-and

various levels of CIAPINI were-detected-in al-the 15-adjacent non-cancerous specimens,

and at significantly low while-expression—of-CIARINI-was-obvieushy-lower-in gastric

cancerous tissues of the 15 patients with gastric cancer (Figure 2).than-thel—adjacent

15-
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Relationship-Association between CIAPIN1 expression and clinicopathological features -«

of gastric carcinoma

Then, we analyzed the relationship between CIAPIN1 expression and the-
clinicopathological characteristics of the patients. Table 2 presents the association
between CIAPIN1 expression with clinicopathological variables. TNM stage |-++1-11
gastric cancers expressed higher levels of CIAPIN1 than stage HH+\V—I11+1\/ cancers

whereas the expression level of CIAPIN1 did not correlate with differentiation grade,

metastasis, patients’ age and gender l(TabIe 2). Fhese—results—provide—evidence—that

CIAPIN1 inhibits proliferation and cell cycle progression of gastric cancer cells in vitro

—To investigate the influence of CIAPIN1 expression on cell proliferation and cell cycle-
progression of gastric cancer cells, we constructed gastric cancer cell sublines with
ectopic CIAPIN1 expression and CIAPIN1 knockdown via plasmid transfection and

colony selection. Cells transfected with pSihCIAPIN1-1 gradually died during G418

16-
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selection and no stable G418-resistent colony was obtained for further analysis, whereas
colonies with upreguattedunregulated CIAPINL expression by phCAIPIN1 transfection,

colonies with hCIAPIN1 knockdown by pSihCIAPINL-2 transfection as well as their

(ke FHpa: oo

WM FRgiIEn: a6

#it3 [x32]: pSihCIAPIN1?

respeetive-corrsponding,_controls (transfected with insert-free vectors) were successfully
obtained after G418 selection and Western blotting confirmation. Therefore, we used
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MK28-pSihCIAPIN1-2 for the subsequent experiments.

CCK-8 assay demonstrated that cells with ectopic hCIAPIN1 expression proliferated
significantly slower than empty vector transfected control cells, whereas cells with
hCIAPIN1 knockdown proliferated faster than the control cells, both for SGC7901 and
MKN28 cell lines (Figure 3).

—Subsequently, we analyzed the cell cycle distribution of SGC7901 transfectants and, the
results revealed that the population of cells in the S phase was remarkably decreased by
phCIAPIN1 expression (15.6% of asynchronous SGC7901-phCIAPIN1 cells in the S
phase of the cell cycle compared with 24.2% of control cells) but increased by hCIAPIN1
knockdown with pSihCIAPIN1-2 (28.8% of SGC7901-pSihCIAPIN1-2 cells compared
with 23.9% of controls; (Table 3). Cell cycle distribution of transfectants derived from

MKN-28 yielded similar results (data not shown).

DISCUSSIONDiIscussion

This study describes the aberrant expression of a newly identified gene, CIAPINZ, in<
gastric cancer and investigated the potential roles of CIAPIN1 in-gastric-carcinegenesis

as well as the possible mechanisms of CIAPIN1 in gastric carcinogenesisplayed-in-gastrie
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capeer—eells, To our knowledge, this is the first report of CIAPIN1 expression in
malignant tissues. In this study, we found that CIAPIN1 expression was remarkably
downregulated in gastric cancerous tissues, compared with in normal gastric mucosa.

This was demonstrated firsthy-by both immunostaining and then-confirmed-by-Western

adjacent—non-cancerous—counterparts—Furthermore, immunohistochemical staining of

CIAPIN1 demonstrated that the expression of CIAPIN1 in gastric mucosa with

superficial—chronic gastritis, gastric atrophyic gastritis—and intestinal metaplasia was

stmilar—not significantly different fromte that in normal gastric mucosa, whereas the

expression of CIAPIN1 was markedly downregulated in gastric mucosa with dysplasia.

In addition, in vitro eEctopic expression of CIAPIN1 suppressed cell proliferation and

cell cycle progression of SGC7901 and MKN28 gastric cancer cells while knockdown of
CIAPIN1 exerted opposite effects. These data collectively suggest that CIAPIN1 might
beis a negative regulator in gastric carcinogenesis.

Gastric carcinogenesis involves a slow but continuous stepwise evolution from
superficial-chronic gastritis, glandular atrophy to metaplasia, dysplasia and, finally, to

adenocarcinoma_(Correa P. Human gastric carcinogenesis: a multistep and multifactorial

process--First American Cancer Society Award Lecture on Cancer Epidemiology and

Prevention. Cancer Res 1992:52(24):6735-40). Atrophy, metaplasia and dysplasia are

have generally considered to be precancerous lesions and closely related to the onset of

gastric adenocarcinoma (20, 21). In precancerous lesions, CIAPIN1 expression was
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similar-slightly reduced in-normal/inflammateryin atrophic and metaplastic mucosa, but
drastically downregulated in dysplastic mucosal tissues, suggesting that reduced

expression of CIAPIN1 is progressively reduced in the multistep process and maymight

participate in the early onset of gastric cancer, and thus CIAPIN1 might be a candidate
tumor suppressor in gastric carcinogenesis.[ Analysis of the relationship—association
between CIAPIN1 expression and clinicopathological characteristics of the patients
revealed that the expression level of CIAPIN1 was inversely correlated with TNM
staging of gastric carcinoma but unrelated with-to differentiation and metastasis, patients’
age and gender, suggesting that downregulation of CIAPIN1 persistent-is associated with
the progression of gastric cancer.

The development of malignancies is currently regarded as the results of activation of
oncogenes and/or inactivation of tumor suppressor genes. The principal function of some
of-the-oncogenes and tumor suppressors is modulation ofrg the-cellular proliferation. The
In_the present study, demonstrated—that-CIAPIN1 could—inhibited i—vitro—cellular

proliferation in vitro in two established gastric cancer cell lines, SGC7901 and MKN28.

This finding was further strengthened by our recent experiments, which abeut-aimed to

determine the influence of CIAPIN1 on cell proliferation with recombinant adenovirus
expressing CIAPIN1 and CIAPIN1-specific siRNA, also demonstrated that CIAPIN1

suppresses-suppressed cell proliferation in various gastric and hepatic cancer cell lines

(our unpublished data). Beeause—eeuuleppmhierauewls—an—mpmu—eempmwnt—ef—me

eaneerl Furthermore, Gel-the present studyeyele-analysis-of-the SGC7901and-MIKN28
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showed that CIAPIN1 induced cell cycle arresting at G1/S phase,
indicating that CIAPIN1 could suppress proliferation of gastric cancer cells by, at

least partly, inhibiting cell cycle progression.

A number of indicated that in vitro established MDR cancer cell
sublines lower rates or increased doubling times
compared with their parental cell lines (22-30). ur previous studies show:

that MDR gastric cancer cell line SGC7901/ADR and SGC7901/VCR proliferated slower
than their parental cell line SGC7901, and; the expression of CIAPIN1 was upregulated
in MDR gastric cancer cell sublines SGC7901/ADR and SGC7901/VCR compared with
their parental cell line SGC7901, CIAPIN1 is a mediator of gastric
cancer MDR (7, 8, 10). Our present observation of the alteration in proliferation of
transfectants with up- and down-regulated CIAPIN1 was consistent with our former
findings.

As a newly identified gene, the function(s) and the regulation mechanism(s) of CIAPIN1
are largely unknown. According to the report by Shibayama et al, CIAPIN1 is a mediator
of cytokine-Ras-MAPK signal transduction pathway (6). The fact that this gene is highly
conserved in mammals and is ubiquitously expressed in human fetal and adult tissues and
the similarity between the expression pattern of CIAPIN1 in normal human fetal and
adult tissues and that of p21ras also support the above finding (9). Ras-MAPK pathway is
considered play: a critical role in the regulation of proliferation as well as
carcinogenesis. Mutated Ras is confirmed to be a classical oncogene and is closely
related to the development of malignancies originated from various tissues. However, the

role of wild-type Ras in carcinogenesis is still far from elucidated, and; recent studies
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have indicated that wild-type Ras could-inhibits the proliferation of cancer cells in vitro,
suggesting that wild-type Ras might serve as a tumor suppressor. (14, 15, B1-41D.
Although the overall expression level of p21ras is elevated in gastric adenocarcinoma,
RAS mutation is rare (42-47). The reports on the expression level and activity of MAPK

in gastric adenocarcinoma have been controversial (48-50). We postulated that XXX

although Henee-the relationship between Ras and CIAPIN1 in malignancies is left to be
further investigated.

The above observations collectively support the hypothesis that CIAPIN1 is a negative
regulator of cellular proliferation. Because cellular proliferation is an important
component of the malignant phenotype, our present findings suggest that CIAPIN1 might
be used as an important target in the design of novel cancer therapies. ‘Ae-think-that-these

resyltsThe findings in the present study may-wit form the basis for further studies of this

interesting gene, and the possible translation of the discovery of this molecule into

potential use in cancer diagnosis and/or treatment.
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Tables

Table 1. Expression of CIAPINI in cancerous and their adjacent non-cancerous

tissues of patients with gastric cancer and gastric mucosa of patients with non-ulcer

dyspepsia according to gastric histological changes (i.e. normal gastric-mucosa, gastric

mucesa-with-superficialchronic gastritis, gastric atrophyie-gastritis, intestinal metaplasia,

dysplasia and gastric cancer)

HitiE [x45]: You cannot combine the readings of adjacent
non-cancerous tissues and the specimens from NUD patients. First,
the CIAPIN1 expression may be lower in adjacent tissues of cancer
patients than the specimens of NUD patients. Second, statistically, the
method to test the difference in CIAPIN expression between adjacent
tissue and cancer tissues (same individuals, paired sample test) is
different from that to test difference in CIAPIN expression between
NUD patients and cancer patients (two different groups, two-sample
test). Using the Table style | suggest, you may produce more
meaningful results.

CIAPIN1 immunostaining - (W RRRE )
— + ++
Cancer cases
Adjacent tissue (n=83) (Bt F: WA )
__Normal mucosa (n=) 0 (0%) 4 9 (69.2%) %:zzzz Zi%ﬁ\g%g@ %
(30.8%)
_ Superficial- Chronic gastritis 0 (0%) 7 10 (wHRm: Tihgie: oo )
(n=) (41.2%)  (58.8%)
_Atrophie Gastric 8 (18.2%) 14 22 (50%) BRI P 6 )
atrophygastritis (n=)2 (31.8%)
__ Mintestinal metaplasia 5 (11.6%) 18 20 (WM TG a6 )
n=) 3 (41.9%)  (46.5%)
_ Dysplasia (n=)* 9 (42.9%) 6 6 (28.6%) (#HERM: g 6 )
(28.6%)
Cancerous tissue (n1=83)5 39 (47%) 27 17 (ResRiy: ih: g )
(325%)  (20.5%) (HkesRB: 06 i )
Patients with - (WA )
non-ulcer-dyspepsia (n=55)
Normal mucosa (n=) 0 (0%) 7 10
(41.2%) (58.8%)
Chronic gastritis (n=) 8 (18.2%) 14 22 (50%)
(#HRm: G0 0.63 Mk )
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(31.8%)

Gastric atrophy (n=) 5 (11.6%) 18 20
(41.9%) (46.5%)

Intestinal metaplasia (n=) 9 (42.9%) 6 6 (28.6%)
(28.6%)

Dysplasia (n=) 39 (47%) 27 17

(32.5%) (20.5%)

vs Normal, ! P > 0.05; 2 P = 0.132; 3 P = 0.111; 4 P = 0.008, > P <0.001;
Mann-Whitney U test.
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Table 2. Correlation between CIAPIN1 expression and clinicopathological features

in gastric carcinoma cases

CIAPIN1 expression

Variables n - + ++ P
Aget

>65 26 13 9 4

<65 57 26 18 13 0.55
Gender®

Male 62 30 18 14
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Female

Differentiation

Well
Moderately
Poorly

TNM

Classification?

Metastasis’
With
Without

21

20
26
37

44
39

52
31

12
18

17
22

22
17

12

14
13

22

13

1.00

0.94

0.03

0.82

TP >0.05; P <0.05. Mann-Whitney U test.
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Table 3. Cell cycle distribution of SGC7901 transfectants

Cell G1 (%) S (%) G2 (%)
SGC7901 68.1+1.7 235+2.3 8.4 +0.7
SGC7901/pcDNA3.1 64.6+2.21 2421473 11.2+038
SGC7901/pCIAPINI 715 +2.7 15.6 2.4 129+14
SGC7901/pSilencer 67.1 %2172 23.9+1.9° 9.0 +2.0
SGC7901/pSihCIAPI 60.2 +1.8 288 +1.6 11.0 £15

N1-2

Each number represents mean =+ SD of three different experiments. ! vs
3433, P < 005 vs SGC7901, P > 0.05. 2
SGC7901/pSihCIAPIN1-2, t = 4.41, P < 0.05. 3 vs SGC7901/pCIAPIN1, P < 0.01. * vs

SGC7901/pcDNA3.L, t

SGC7901/pSinCIAPIN1-2, t = 3.417, P < 0.05. Student’s t test.
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Figure legends

Fig. 1. Representative immunohistochemical detection-staining of CIAPIN1 in normal,
intestinal metaplastic, dysplastic and cancerous gastric mucosa. (A), Uniform, strong
CIAPIN1 staining in normal gastric glands;- (B). Strong CIAPIN1 expression in gastric

atrophic gastrie-mucosa-; (C), Strong CIAPINIL immunostaining in itntestinal metaplastic

gastric mucosa;—with-strong-CHARPINL immunestaining. (D), Downregulated expression
of CIAPIN1 in dysplastic glands (—MNete-arrow indicates that expression-of-CIARING-in

dysplastic—gastric—mucosa—in—a sharp contrast in the expression of CIAPIN1 between

dysplastic gastric_mucosa andte normal gastric mucosa);- And (E) & (F), Weak or

undetectable CIAPINL immunostaining Representative—in gastric adenocarcinoma

ining-arrow indicates-Nete

that in specimen-Fig.1 E, which stretched-covers aeress-the border of the tumor and

non-cancerous tissue, there was a sharp contrast in the expression of CIAPIN1 between

cancerous gastric tissue (negative CIAPIN1 immunostaining) and adjacent noncancerous

gastric mucosa —in-canecerous—gastric-tisste-was—in-sharp-centrast-te—(strong CIAPIN1
immunestairing-immunostaining).ir-adjacent-rencaneerous-gastricmucosa: Bars = 100

um.

Fig. 2. Western blotting detection—of the expression of CIAPINL in gastric_—tissues.
CIAPIN1 expression in 15-endoscopically biopsied cancerous specimens (T) and their

adjacent noncancerous counterparts (P) of 15 gastric cancer patients as well as 20-grossly

normal gastric mucosal specimens (N) of 10 patients with non-ulcer dyspepsia were

detected. B-actin in these specimens was also detected-used as an internal controls.
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Fig. 3. Role of CIAPINL1 in regulating the-cell proliferation of gastric cancer cells. (A, B),
Western blotting analysis-of CIAPIN1 expression in transfected SGC7901 (A) & MKN28

(B) cells.- (C, D), CCK-8 assay of Mmonolayer growth rates of transfected SGC7901 (C)
& MKN28 (D) cells—weredetermined by CCK-8-assays, Malues represent the mean

=standard error of the means (SEM) from at least three separate experiments. | [ #k¥E [x46]: This information may be added in the Methods
(Statistical analysis).
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