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Abstract — To investigate the effect of proteasomes reactnBBG gammay) on cell cycle and apoptosis in vitro and in
vivo. In vitro, we first constructed recombinanagiid of PCDNA3.1-RE@and then transfected RE@Gito MDA-MB-231
cell line. We confirmed the transfection efficiertmy Western blot. Subsequently, we observed celltr, cycle and colony
formation. Specific proliferative molecule proligging cell nuclear antigen (PCNA) and apoptosistediaignal molecule
Caspase-3 was assayed by immmunohistochemistry lzsaipgion spectrometry, respectively. In vivo, wecessfully
established transplantation tumor nude mice mdalfel.determined REGMRNA level in the transplantation tumor tissue.
Then, FCM was used to determine cell cycle, apoptasid CD16. Finally, we employed immunohistochemistr
determine P21 positive expression. However, thés dednsfected with REfGgrew more rapidly compared with non-
transfected ones. Increased cells were observest-®2+M phase and S phase in the REf@nsfected group. PCNA
expression level in the transfected cells was highan that in non-transfected ones. In vivo, waesbed the similar
phenomenon including more rapid tumor growth, higREGy mRNA expression, decreased cells number gfisphase
and G/M phase, increased cells in S phase and decregsmotosis in the transfected group. In the studyetdted
molecules, we also found related molecules P21CGID#i6 positive expression rate were obviously lowantnon-infected
ones. In present study, we found oncogenicity of AMBB-231 cell transfected with REGwvas enhanced, which might be
realized via REG promoting cell growth, inhibiting cell apoptosidegrading P21 and suppressing activation of NK,
suggesting REGpromoting tumor growth is a process involving ripét factor mechanisms.
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INTRODUCTION Up to now, three members-ReEGREQB
o _ ‘and REG have been found in REG family that is

Proteasomes participate In most proteig|so called 11S or PA28 family of proteasome
degradation in eukaryotic cell cytoplasm angeactivators. They have 35% amino acids
nucleus. However, fundamental cell biologicatimilarity and can enhance catalytic activity of
processes such as cell cycle, transcription, signgloteasomes in vitro. In these, REGx 200ku
death and immune response are regulated lecule, forms a homologous heptamer
removing impaired or mistaken folded proteingomplex and can appear alone or along with 20S
via proteasomes degradation pathway (8). proteasomes (19). REGis a conservative
nucleoprotein that is present in insect, worm
more developed forms of animals, whereas it is
antigen;FCM, flow cytometer;TEM, transmission electron not seen in on ye{.ﬂSt or plant. However, REG
microscope; RT-PCR, reverse transcriptase polymerasewa_s_ Only found in Vertebrate'_ Moreover, the
chain reaction:RNAi, RNA interfere; NK, natural killer affinity of REGy to proteasome is stronger than
(cell); SPF, specific-pathogen-freeRPMI, Roswell Park REGu or RE@(13).
Memorial Institute;SDS-PAGE sodium dodecyl sulphate Now, the mechanism for REGactivating

polyacrylamide gel electrophoresiTT , methyl thiazolyl o :
tetrazofium: TIL . tumor infiltrating lymphocyte:ECOR. 20S proteasomes has been revealed preliminarily.

restriction endonuclease from E. coR{TC, fluorescein Binding of reactivator leads to the o_pening of
isothiocyanate. proteasome entrance and exit, which enable

peptides substrates to diffuse into the
environment of proteasomes(7). We can explain

Abbreviations: PCNA, proliferating cell nuclear
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the effect of reactivator on proteasomegational guidelines for the care and use of lalooyat

activation although the conformational chang%”;ma;';gems

may b_e p_resent on the catalytic site for peptides Plasmid Mini Kit and PCR-Preps DNA Purification

hydrolization(9). System were purchased from OMEGA Company. Rabbit
It has been suggested that RE@athway anti-PA28 (N-term) monoclonal antibody (Batch No.

may be involved in protein degradation (5, 20)@0807072) was obtained from Invitrogen Co.,Ltd.

: : _ hanghai, China). Anti-mouse CD16 antibody was
REGy, in particular, can degrade non Strucwrﬁﬂchased from Biolegend Co., Ltd.(CA, USA). P21

protein. There are over 100 proteins with lySingonocional antibody was purchased from CRUZ Co. Ltd.

deletion in eukaryotic proteins database. And, tH8ANTA, USA). Immunohistochemistry SP kit and Goat

target protein is lack of lysine residue in REGanti-rabbit I9G were provided by Zhongshan golddgei

pathway. Therefore, an ubiquitin non-dependeffictechnology Co., Ltd. (Beijing, China). All the prinse
thwav miaht contribute to the dearadation of used in this study were synthesized by Bioenginge@o.,

pathway mig oL - aeg Bd. (Shanghai, China).

lysine deletion permitting protein. For example,

the core protein of lysine deleted hepatitis Construction of recombinant plasmid and transduction

virus (HCV) is not only a structural virus but a dCO“SthfCtedd recombinant PﬁDNA&lI;REQOfePI?“ed

morbigenous factor. However, RE®an bind to 2"d transferred competent cell DifSakara, Dalian).

. o . . . . Colony picking, enzyme digestion assay and lipidasom

it specifically, which is essential to core proteifransfection were performed in accordance with Mites

toxicity (14). et al. (15). DNA sequencing was completed by Viral

Evidence indicated ubiquitin-proteasomestepatitis Institute ~ of Chongging  Medical

system had a direct effect on transcription (1 niversity(Chongqging, China) and Molecular BiologyKe

18). Anoth il hani is that RE aboratory of Infectious Diseases of the Ministry o
). _no er possible m_ec fd,msm is that R ducation(Chongging, China).

can bind to the apoptosisphilic factor and arrest

its activity. In addition, it was confirmed thatEstablishment of stable transfected cell line

cofactor REG could promote P53 ubiquitin and Prepared MDA-MB-231 cell suspension. Counted and

_ . adjusted it to a moderate concentration of fxhd. Then,
MDM2-dependent  proteasomes degradatlot e cell suspension was inoculated in a 24-wetlep(a0Qul/

suppress P53  accumulation after  DNAyej). additional 80Qu of RPMI1640 medium was added in
impairment and weaken its inhibitory effect oreach well. 10 concentrations gradients(100-1000Lmgf
apoptosis (25). P53 degradation effect mediatég#18 (Gibco, USA), also known as Geneticin, weteasel
by MDM2 could be eliminated by knOCkoutingtriple wells were set for each concentration. Thaimmum

d R h s (25 concentration for all cell death was 600 mg/L in d4
endogenous REErom human cancer cells (25). tyerefore, 600 mg/l of G418, was selected as aimapt

However, oncogenicity of REGIn breast effective concentration.
cancer has not been confirmed thoroughly. In
view of this, we investigated cell growth, CyCIeWeStigﬁloéeﬁlTj?gsisrotein from the three groups was
apoptosis an.d associated m(.)IeCUIeS OT MD'%xtracted, respectivepl)y. The protein was sepa%h;ego%
MB-231 cell line transfected with REGn vitro.  ¢ogium dodecyl  sulphate  polyacrylamide  gel
Meanwhile, we  successfully establishe@lectrophoresis(SDS-PAGE).The proteins were
transplantation tumor model to observe thtsansmembranced to PDVF membrances. The membranes

transplantation tumor rowth in vivo. InWwere co-incubated with 5% defatted milk in TBS canitey
P 9 1% Tween 20 (TBST) for 4 h at room temperatureenTh

0
Summ"_ﬂy' we mar)aged to reveal the role Qrte primary antibody [Rabbit anti-PAP®-term) ] (1:120)
REGy in the genesis and development of breaghs added. Ovemight at@ for 12 hr followed by the

cancer. adding of secondary antibody Goat anti-rabbit 1§GQ00)
at 37C for 6 hr. The membrane was stained by DAB.
MATERIALS AND METHODS Quantlty”One software (B'O.Rad’ USA) was used to amaly
the specific straps quantitatively.
Cell, bacterial line and plasmid Cytotoxicity assay
Breast cancer cell line MDA-MB-23Escherichia coli Cells in log phase were collected to preparelsiogll

JM109 and PcDNAS.1 plasmid were obtained from fugi ~ suspension. Cells were inoculated in a 96-well platiC’
of Basic Medical Sciences of Chongging Medicakells/ well) and triple wells were set for eachugyoViable

University(Chongging, China). cell number was measured by methyl thiazolyl tetiam
_ _ (MTT) at every 24 hr for 7 d. Briefly, 20 of MTT (5g/L)
Experimental animals was added in each well and cocultured for 4 hofedid by

The 4 -week-old specific-pathogen-free (SPF)the adding of DMSO (2Q0). Shaked for 15min and
weighing 12-15g, female Balb/c nude mice used i thiabsorbance was measured at 570 nm by using a Haitzop
study were provided by the Experimental Animal Cenfe reader.

Chongging Medical
University(Chongging, China). All the experiments reve
conducted in accordance with the

1122
Copyright© 2009C.M.B. Edition



REG gamma enchances oncogenicity of MDA-MB-231

Cell cycle assay solution (1X). Then, 10 ul of propidium lodide stizig
Briefly, cells in log phase in groups were digedtgd solution was added. Apoptotells were quantified by FCM
trypsogen (0.25%) and collected respectively. Wddhéce using a laser emission wave at 488 nm (BD Biosc&nce
with cold PBS. Centrifugated at 1000x g for 10 mird a
removed the supernatant. 1ml of ethanol (70%) vaaed
and then overnight at 4°C. Centrifuged at 1000x g fofEM observation for the cells ultrastructural chang
another 10 min. Washed twice with cold PBS follovisd MDA-MB-231 cells in log phase in the three groups
the adding of PI staining solution. Cocultured 8 min  were selected. Primarily fixed in 2.5% glutaralddéyin a
without light. FCM (BD Co., CA, USA) was employed to buffer (0.1M, pH 7.4) for 4 hr at 4°C. Washed wiiiM
assay cellular distribution proportion in differemelll phases buffer (pH 7.4) for 2 hr at ‘€. Secondary fixation was
in groups. Excitation and emission wave length seisat performed in 1% osmium tetroxide in distilled waf@r 1 hr

488nm and 630nm, respectively. at room temperature. Washed twice in distilled wati¢h 5
_ min each time. Next, the samples were dehydrated as
Soft agar colony formation following: 50% ethanol for 15 min, 70% ethanol i min,

Prepared agar medium (0.5%) on culture capsui0% ethanol for 15 min, 95% ethanol for 15 minp%0
(D=3.5cm). After coagulation, cells in log phas@¥2calf  ethanol for 15 min, 100% ethanol for 15 min, 100%aaol
serum and RPMI1640 medium containing 0.3% agarieweffor 15 min and 100% ethanol for 15 min. Propylenae
mixed and inoculated on each bottom-layer agar @ x1 treatment was done twice with 10 min each time. Ehded
cells). Cells in each group were inoculated on tlugéure  in mould and polymerise in oven at 60°C for 24Rmepared
capsules. Then, were placed into incubator andiedtat semithin sections (50-70 nm) using the slicer insent
37°C for 14 d. Microcolony (50-200 cell clones) and(Leica, Germany). The sections were observed under
macrocolony (>200 cell clones) were taken intaCM120 TEM (Philips, Netherlands).
consideration.

Establishment of breast cancer bearing nude micgaino
Immunohistochemistry of PCNA positive expression 36 4-week-old nude mice were randomly divided into

Creep slides of the three group cells were preparegigroups (n=12). Cells transfected with RE® log phase
conventionally in a 24-well plate. 5 wells were fmteach in the 3 groups were digested by 0.25% trypsogeth an
group. Creep slides were picked out when the cellulgrepared single cell suspension. Trypan blue assayused
convergence degree reached 70-80%. They were washgcconfirm cell vitality. 1x1&ml of the cell (0.2ml for each
twice with PBS and immersed into 4% paraform tofék  animal) was inoculated subcutaneously respectivEhe
15-30 min at room temperature. Washed twice with PB§ bcutaneous tumor nodus diamete’Bs0(5 cm) were
and immersed into 3% 48, for 10min. Washed twice with thought to be a standard for tumorigenesis. Lerayid
PBS and immersed into TritonX-100 (0.2%) for 30 minidth of tumors were measured every 7 d and voluafes
Antigen was recovered at 90°C for 10 min overnigith  the tumors were recorded. The nude mice were Eaifit
rabbit anti-human PCNA monoclonal antibody (1:208t) 5  after the inoculation and tumors were picked fou

4°C and incubated with goat anti-rabbit IgG (1:10@0 1 h  \ejghing. Non-transfected group was set as a cbmoro
at room temperature. The sections were stained A Bt o\ajuate tumor control rate.

room temperature. Picture$ each tissue sample for PNCA
were collectedand assayed by Image Analysis SoftwarzT-pcR of REGMRNA expression

(Leica, Germany). To extract RNA, 200 mg of the nude mice tumor
o tissues were picked out from liquid nitrogen. Wakhgice
Assay of Caspase-3 activity with PBS. Then cut into pieces and ground on icdalTo

Bradford method was employed to assay CaspasegA was

activity in MDA-MB-231 cells under different traresftion  prepared according to the manufacturer's instrstiéfter
concentrations of REG(0, 25, 50, 100, 150, 200, 250 andpNase | treatment, 2g of RNA was reverse transcribed
300 pg/ml). Briefly, prepared eight standard sohgi¢l ml  yjith AMV reverse transcriptase. A master mix conita
each) containing 0, 25, 50, 100, 150, 200, 250 8@ the reaction buffer, ANTPs, Taq polymerase aptl ©NA
Hg/ml bovine serum albumin (BSA). Added 5 ml ofin 25 reaction mixture was transferred to different PCR

Absorbance of each sample under a concentrationeeas forward (5-CACCATGGCCTCGTTG

at 595 nm by using a microplate reader.Preparedralard CTGAAGG-3) and reverse (5-
curve of absorbance of different BSA concentrations TCAGTACAGTGTCTCTGCATTGCTG-3'); and mouse
. Determined concentrations of original samplesnfrthe  54tin (455-bp product), forward (6CC TGT ATG
standard curve. CCTCTGGTC-3 and reverse (5ITT ACG GAT GTC

_ o AAC G-3).
Cell apoptosis determination These reactions were re-performed for 30 cycles. Th

The process was performed according to thgnnealing temperature was maintained at 66 °C fas; 30e
manufactuer's instructions of Annexin V-FITC cell yest of the conditions included denaturation at'@4for 1
apoptosis assay kit (Haimen, China). Briefly, cobelctell  min followed by extension at 72 °C for 3 min. The PCR
suspension and centrifuged at 1000 rpm for 5 mimd&%®d  products were determined using 1.0% agarose gel
the supernatant and re-suspended the precipitatent@ glectrophoresis and ethidium bromide staining. lesagf
50,000 the gels were analyzed using the Quantity One sméw

-100,000 cells and centrifuged at 1000x g for 5.mingjo-Rad, CA, USA), which compares the relative dgnsit
Removed the supernatant and added di9&f Annexin V- of gpjective straps anghactin.

FITC binding solution (1X) to re-suspended the cells
Added %l of Annexin V-FITC and mixed slightly.
Cocultured at 20-25°C for 10 min without light. Reradv
solution and added 190l of Annexin V-FITC binding
1123
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Analysis of CD16 expression, cell cycle and apoptbsi  significantly higher than that in the other two

FCM i
r Fig. 2.
Part of the tumor tissue was prepared single ceﬁ oups F19

suspension. 100% and 75% of lymphocyte separatimfian

were used for discontinuous density gradient ciemyei 1 2
Transplantation tumor tissular lymphocytes, tumor
infiltrating lymphocyte (TIL) layer and tumor cdllyer was
removed respectively. Then washed with PBS and made
into single cell suspension. 0.1ml of CD16 monoclona
antibody working solution was added into TIL singlell
suspension with cell density 1>16nl. 100uL of FITC-lgG 200 b
second antibody working solution was added. Incdabr

30 min. PBS took the place of primary and second
antibodies as a negative control. Only secondatipaaly

adding was regarded as a positive control. CD16tipesi

percent was analyzed quantitatively. In additicert pf the

tumor tissue was fixed by 80% cold ethanol and mate

single cell suspension. Then Pl was added for 30 mFigure 1. Restrict enzyme digestion analysis of the
without light. Cell cycle change and apoptosis wergecombinant PcCDNA3.1-REG

4500 bp

analyzed by FCM. The recombinant PcDNA3.1-REGvas digested by restrict
enzymes EcoR | and EcoR V specifically. The products
Immunohistochemistry of P21 positive expression including two fragments PcDNA3.1 (5400 bp) and REG

The tumor tissue was fixed by 4% neutral formali (780 bp) could be seen on the gel clearly. It seggkthe
followed by conventional paraffin imbedding, slice,successful construction of recombinant PcCDNA3.1-REG
deparaffinage and hydration. Then the process was DNA Marker; 2: Recombinant digested by EcoR | and
performed according to manufacturer's instructiod®. EcoR V: PcCDNA3.1 (5400 bp) and REG/80 bp)
fields of vision grids were selected randomly und€0
times fields of vision. P21 dyed positive cells 1000
transplantation tumor cells were counted and pa@siti
percent was calculated.

Statistics and presentation of data f-actin
Experimental data is expressed as means * standard

deviation. SPSS12.0 statistics software is employed
perform one-factor analysis of variance. Each ermpemt REGY
was repeated at least twice, and each data pgintsents
the mean of at least 3 parallel samples. A p valukess
than 0.05 was considered significant, and onethess 0.01

was considered highly significant. Figure 2. Expression of REG detemined by Western

Blot
The brightness of strap in MDA-MB-231/PcDNA3.1- REG
RESULTS group was stronger than non-transfected groupschwhi
confirmed the successful transduction of RE@0 MDA-
Identification of PcDNAS3.1-REGrecombinant MB-231 cellline.
plasmid 1: MDA-MB-231; 2: MDA-MB-231/PcDNA3.1- RE 3:

) MDA-MB-231/PcDNA3.1
Recombinant was generated by Edo&nhd

EcoRVenzyme. Figure 1. showed theEffect of REGon cell growth
recombinant was cut into two pieces of The cells transfected REGgrew more
fragments PcDNA3.1(5400bp and rapidly and the absorbance value increased

REGy (780bp respectively. Present eukaryoticsignificantly (p<0.05). Fig. 3
expressive recombinant was confirmed to be The cell cycle analysis by FCM indicated
constructed successfully by sequence analysis. the cellular percent in §85;, G/M and S phase
in the control, empty vehicle and REG

Identification of REG protein expression by transfected group was 55.91%, 21.49% and
Western Blot 22.60%; 56.31%, 20.48% and 23.21%4.09%,

Total cellular proteins of the three group21.21% and 34.70%, respectively, suggesting the
were extracted respectively. Western Blot wagumber of the cells transfected REGN
employed to detect intracellular REGprotein  S+G2+M multiplication period was obviously
content. The straps were analyzed quantitativelygher than that of the non-transfected cells.
by Quantity One software of BioRad companyFurthermore, the cells in S phase increased,
The result showed REG protein expression suggesting RE¢ promoted MDA-MB-231 cell
production in REG@ transfected group wasto go into S phase.
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Respectively, 3.67%, 4.06% and 10.23%lyeing grays cale value of the control, empty
colony forming efficiency could be seen in thesehicle and RE& transfected cell was
control, empty vehicle and REGtransfected 98.59+11.25, 107.15+8.42 and 183.47+17.62,
group in soft agar colony formation experimentespectively Fig. 5. The value of the transfected
(p<0.05). Moreover, macrocolonies of the twaells was significantly higher than that of non-
formers were smaller than the latter. Fig. 4. transfected onesp£€0.01). Meanwhile, PCNA

Comparatively stronger brown particles werexpression level of cells transfected with REG
in 90% REG transfected cells, which was higheiincreased remarkably compared with the control
than non-transfected REGones. The PCNA group <0.05).

10
35 |
30 |
)5 —e— MDA-MB-231
20 | R
15
10|

05
0.0 . . . . : L )

OD570

—a— MDA-IVB-231/pcDN A3 1

NMDA-WB-231/pcDNAS.1-REG ¥

Time (d)

Figure 3. Proliferation of MDA-MB-231, MDA-MB-231/PcDNA3.1 and MDA-MB-231 /PcDNA3.1-REG in 7 d

During the first two days, there was no significdifference in cell proliferation rate among thesthgroups. However, the
MDA-MB-231 cell line transfected with RE¢& began to grow more rapidly by the 3rd day. The g¢inoef the MDA-MB-
231 cell line transfected with REf5 reached a peak on the 6th day. There were signifidiéferences in proliferation
between the REG transfected group and the other two groups frond4-7

1: MDA-MB-231/PcDNA3.1-REG/ ; 2: MDA-MB-231/PcDNA3.1; 3: MDA-MB-231

2 3

i
Figure 4. Agar colonies
Comparative higher colony forming efficiency could been in RE@ transfected group in soft agar colony formation
experiment. Moreover, macrocolonies of the two rtlveas smaller than that of REE@ansfected group, respectively.
1: MDA-MB-231/PcDNA3.1-REG; 2: MDA-MB-231/PcDNA3.1; 3: MDA-MB-231
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Figure 5. Determination of PCNA positive expression
Relative positive expression level of PCNA in celiansfected with REGwas significantly higher than the other two
groups p<0.05). Meanwhile, there was no statistical diffexe between the other two groups(@.05).

Effect of RE@ on apoptosis in vitro groups although the transfected concentration of
The apoptosis rate of the control, emptREGy was enhanced remarkably. Meanwhile,

vehicle group, early and middle period ofthere was no statistical significance in

experimental group was 1.38%, 1.79% andbsorbance value between the other two groups.

0.11%, respectively Proportion of late (Fig. 6)

apoptotic and necrotic cells was 0.64%, 0.48%

and 0.04%, respectively, suggesting cellltrastructural observation

apoptosis of RE@ group was obviously higher Cellular  ultramicrostructure in  REG

than the control group. transfected group displayed generally
Absorbance value of related moleculdypertrophic nucleolus, increased or expanded

Caspase-3 in REGtransfected cells was lowermitochondria and Golgi's body, no apoptotic

than the other non-transfected ones at the saiedy and nuclear bag formation in some areas

concentration condition. However, the Caspase{Big. 7). Apoptotic body could be seen in the

activity in REG transfected group did not control group occasionally.

increase significantly as well as the other two

030 -

025 t

020
—e—Control group

0.15

OD 595

—s—Empty vehicle group

010 L REGy transfected group

005

0.00 , . l . , .
25 50 100 150 200 250 300

REGy proteinn concentration ( pgftul)

Figure 6. Active degree assay of Caspase-3

Absorbance value of Caspase-3 in RE@nsfected cells was lower than the other nomsfexted ones at the same
concentration condition. The Caspase-3 activity inrGRREransfected group did not increased significaagywell as the
other two groups although the transfected conceéotreof REG was enhanced. Meanwhile, there was no obvious
significance between absorbance values betweestllee two groups.
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B ( X6000)

Figure 7. Ultrastructural observation of cells trarsfected with REGy gene

Cellular ultramicrostructure in REGransfected group showed generally hypertrophideunlus, increased or expanded
mitochondria and Golgi's body, no apoptotic bodd anclear bag formation in some areas. Meanwhifgptotic body
could be seen in the control group occasionally.

A: REGy transfected group; B: Control group
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Tumorigenesis effect of transfected cells in nudéD16, cell cycle and apoptosis in
mouse body transplantation tumor tissue

Tumor nodus in the three groups cells were FCM indicated positive rate of CD16 in
formed at 1 w after the inoculation.REGy transfected, empty vehicle and the control
Tumorigenesis rate was 100% and the tumgroup was (9.74+1.32) %, (24.41+1.96) % and
grew progressively. However, the growth rate i(25.68+2.17) % respectively, and the positive
REGy transfected group was more rapid thamate of the latter was significantly lower than
those in the other two groups (Fig. 8). The tumdhose in the two groups. Cell cycle showed cells
body was peeled off and weighed, suggesting tie Gy/G; and G/M phase in RE€ transfected
weight of tumor body in RE@Gtransfected group group decreased and cells number in S phase
(0.81+0.02 g) increased significantly comparethcreased significantly compared with the other
with the empty vehicle group(0.46+£0.02 g) andwo groups. The apoptosis rate of the tumor cell
the control group (0.49+0.01gp<0.05). There decreased significantlyp€0.05). (Fig. 10A and
was a statistical significance in tumor inhibitiorB).
rate between REtransfected group and empty

vehicle group §<0.01). A
3 5 - —*MDA-MB-231 270 B WDA-MB-231

3 a3 +N1DA—NIB2{3}/PCDNA3:1 / 60 - O MDA-MB-231/PcDNAS. 1

S g 5 L~ MDA-MB-231/PcDNA3. 1-REG ¥ 50 1

E Ll 10| B MDA-MB-231/PcDNA3. 1-REG ¥

15 30

2 L i Z

Sos | 10 f %

0r 0 /
0 7 14 21 28 35 42 49 G0/G1 S 2
Time after transplatation(days)
B
Figure 8. Tumor cells growth in nude mice after the 30
inoculation =
The transplanted tumor in the RE@ansfected group grew = 'ﬂ
more rapidly than in non-transfected group. Theras w =
significant difference between the RiE@ansfected group =z P
and the other two groups, respectively. Howevestghwas S
no statistical difference in tumor growth rate betw the ?
other non-transfected groups. 0 -
MDA-MB-231 MDA-YB- MDA-¥B-
L . 231/PcDNA3. 1 231/PcDA3. 1-

REG mRNA expression in transplantation tumor REG Y

tissue

Total _RNA was _eXtraCted from theFigure 10. Cell cycle and apoptosis in transplanted
transplantation tumor in the three groupgimor tissue . .
respectively. RT-PCR amplification resultCell cycle showed cells in 485, and G/M phase in RE

P : : transfected group decreased and cell numbers imaSep
indicated REG mRNA expression in REG increased significantly compared with the other tyroups.

tranSf(?Cted group was Significar_]tly stronger thathe apoptosis rate of the tumor cell decreasedfisigntly
those in the other two groups (Fig. 9). 1: DNA Marker; 2: MDA-MB-231/PcDNA3.1; 3: MDA-
- : . = MB-231/PcDNA3.1-REG; 4: MDA-MB-231

Immunohistochemistry of P21 positive expression
Positive cellular percentage of P21 in
transplantation tumor tissue of the control, empty
vehicle group, RE€ transfected group was
Figure 9. Expression of REG in transplanted tumor 36.82+5.17%, 32.34+6.28% and 17.40+4.64%
Lhﬁif‘?é?gﬁtmrgﬁ"fgﬂ% T)E‘Q;i?] ki’r?) aeT‘ﬁT‘ﬁgti;é‘gﬁx) respectively, suggesting positive percentage of
expression ?evelpin REgransfected g?oup was higher thanp21 in REG tranSffECted group was significantly
the other two groups. lower than those in the other two groyp<j.05)

1: DNA Marker; 2: MDA-MB-231/PcDNA3.1; 3: MDA- (Fig. 11).
MB-231/PcDNA3.1-REG; 4: MDA-MB-231
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Figure 11. The positive expression of P21 in transphted tumor

36.82+5.17%, 32.34+6.28% and 17.40+4.64% positeleilar percentage of P21 was in transplantationotutissue of the
control, empty vehicle group, REGransfected group, respectively. It suggested ploattive percentage of P21 in REG
transfected group was significantly lower than ghivsthe other two groups.

A: MDA-MB-231; B: MDA-MB-231/PcDNA3.1 C: MDA-MB-231/PcDNA3.1-REG

DISCUSSION experiment. Furthermore, volume of the clone
was comparatively bigger and survival time was
Tumor is known to be a cellular cycliccomparatively longer, suggesting REGould
disease (21), and regulatory imbalance of cetinhance clonality of the transfected cells. We
cycle is one of the main causes due to malignaalso found that cells transfected with REGew
tumors proliferation. Whether cell cycle canmore rapidly compared with non-transfected
initiate and cause proliferation relies on whethegnes in MTT experiment.
it can pass G1/S check point or not. Once past Following, we assayed proliferation
the check point, cell cycle can be accomplishetssociated molecule PCNA using
under the driver of cyclins and CDK even thougimmunohistochemistry in vitro. PCNA is a
the stimulation from growth factor is absent (23)auclear protein which expressed particularly
Therefore, @S check point plays an importantduring the proliferative phase. It involves
role in the genesis and development of tumors (@yplication and repair of DNA backbone as a
15). helper factor of DNA pclymerase Bianchi et al.
Studies have suggested REGwas (2) found more or less PCNA positive cells could
associated with the physiological regulation ofeflect tumor cell growth. In the present study,
cell proliferation and growth. REG- mouse we found that PCNA positive expression in
was born normally but it grew more slowly tharMDA-MB-231 cell line transfected with REG
wild type (WT) (16). Barton et al. (1) alsogene increased significantly compared with the
confirmed that RE/- embryo fibroblasts control group, suggesting REGenhanced cell
proportion increased in Qohase, whereas (& proliferative activity, which suggested REG
phase was arrested, which led to about a 3-fofitne transfection had a remarkable promotion
increased apoptosis. Cell proliferation wasffect on cell growth.
inhibited in G phase when REGIn drosophila To further investigate proliferation
cell was knockout (11, 17). In addition, a DNApromotive effect of RE§ on breast cancer cell
replication related promoter element was judine MDA-MB-231 and related mechanism in
found to locate on upstream of RE@ene in Vivo, we established breast cancer bearing nude
drosophila (13). Meanwhile, overexpressiveénice model. And, we obtained similar results as
REGy could promote mitosis and RE@eletion in vitro: more rapid growth of tumor tissue,
(24). higher REG mMRNA expression level, the
In the present study, we determined thdecreased cells in &; phase and increased
distribution of MDA-MB-231 cell in cell cycle cells in S phase in REGgroup. Subsequently,
before and after REGtransfection. We found related molecules P21, CD16 and Caspase-3
the cells decreased iny/G,; phase and increasedwere investigated.
in S phase significantly, indicating REGould Recently, some scholars found REG
facilitate cell cycle process in & phase. could independently degrade cyclin-dependent
Meanwhile, cloning efficiency of cells kinase inhibitor P21 (8, 22). Zhong et al. (12)
transfected with REGgene was higher than thatfound the proliferative rate of cells transfected
in the control group in soft agar colony formingvith P21 was significantly lower than that of
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non-transfected cells after P21 gene wampproach to the treatment of RizGelated
transfected into breast cancer MCF-7 cell lindumors.
which suggested REGpromoting cell growth
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