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Overexpression of HepaCAM Combined with Glutamine Deprivation

Inhibits the Proliferation of Prostate Cancer Cells

HE Zhenting', LI Ting', FAN Jiaxin', YUAN Hongling', ZHENG Yongbo?, WU Xiaohou?, LUO Chunli*

("Key Laboratory of Diagnostics Medicine of Ministry of Education, Chongqing Medical University, Chongqing 400016, China;
*Department of Urology Surgery, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract The purpose of this study was to investigate the effect of HepaCAM (hepatecyte cell adhesion
molecule) combined with Gln (glutamine) deprivation on glutamine metabolism and proliferation of PCa (prostate
cancer) cells. Prostate cancer cell lines PC3 and LNCaP were infected with Ad-HepaCAM adenovirus. Clone for-
mation experiment and MTT assay were used to detect the clonogenesis rate and proliferation activity. The expres-
sion of GLS (glutaminase), SLC1AS5 (solute carrier family I member V), MYC oncogene family, cyclin D1 and
PCNA (proliferating cell nuclear antigen) were detected by qRT-PCR and Western blot. The results showed that
overexpression of HepaCAM and deprivation of Gln could inhibit the proliferation of PC3 and LNCaP cells, and
the combination of them worked better. qRT-PCR and Western blot showed that compared with the +GIn group
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(control group), the expression of GLS, SLC1AS and MYC in the -Gln group (glutamine deprivation group) was

up-regulated in a stress-resistant manner, and above the genes were inhibited again after overexpression of Hepa-

CAM. This experiment proves that the combination of overexpression of HepaCAM and Gln deprivation can signif-

icantly inhibit the proliferation of prostate cancer, and overexpression of HepaCAM can inhibit the reprogramming

of glutamine metabolism in prostate cancer cells to some extent.
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Table 1 The sequences of primers for qRT-PCR

HED EEBI—3Y NS 3

Gene Forward primer (5'—3") Reverse primer (5'—3")

HepaCAM TGT ACA GCT GCA TGG TGG AGA TCT GGT TTC AGG CGG TCA TCA
GLS TAC TGA GCC CTG AAG C TCC AGA GGA GGA GAC C
SLCIAS GAG CTG CTT ATC CGC TTC TTC GGG GCG TAC CACATG ATC C
MYC CCT ACC CTC TCAACG AGA GC CTC TGA CCT TTT GCA AGG AG
Cyclin D1 TCA AGA AGG TGT TGG AGG CA CTC CGC CTC TGG CATTTT G
PCNA TCA AAG GTG TTG GAG GCA CAG CGG TAG GTG TCGAAG C
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A~D: HepaCAMYGLS. SLCIA5. MYCTEAN[AIHUHE 4 rp i fi FE AR L 1B 7 FEAR I RIEXT L, P<0.05, 5 1EH FEALLHR; E~H: HepaCAM 5 GLS.
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A-D: the expression of HepaCAM, GLS, SLC1A5 and MYC in cancer and normal samples in different data sets, P<0.05 compared with normal samples;
E-H: survival analysis of HepaCAM and GLS, SLCIAS5, MYC variant and non variant samples, P>0.05, P<0.01, P<0.01, P<0.05 compared with non-

variant samples.

Bl cBioPortal & XTLL Hepa CAMS GLS . SLCIAS, MYCHIFRIAER KR 4 F 5
Fig.1 Comparison of expression differences and corresponding survival analysis between HepaCAM and GLS,

SLC1A45, MYC by cBioPortal database
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EERLKN . C =PRI A FAE KA K. **+P<0.001, SRWPE-1£1 HLAL
A: the mRNA expression of HepaCAM in RWPE-1, PC3 and LNCaP cells was detected by qRT-PCR. B: Western blot was used to detect the protein
expression of HepaCAM in RWPE-1, PC3 and LNCaP cells. C: the gray level of three kinds of cell protein expression. ***P<0.001 compared with
RWPE-1 group.
B2 RWPE-148f15PC3. LNCaP4iffi-F HepaCAMAYZRIA
Fig.2 Expression of HepaCAM in RWPE-1 cells, PC3 and LNCaP cells
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A. B: qQRT-PCR%} il & it 2 1A HepaCAM I 5 J5 PC3 . LNCaP4H i rf HepaCAM mRNARIZ A/ T. C: Western blot4y Hil i Il ik it %
1% HepaCAMJI )i # JSPC3. LNCaP4Hi il 1 HepaCAMI¥) £ 1535 /K. D: PC3. LNCaPZH il 8 11 15 AR BE (B AH OG /K. *+#P<0.001, 5 Ad-
GFPAH L.

A,B: qRT-PCR was used to detect the mRNA expression level of HepaCAM in PC3 and LNCaP cells after transfection of HepaCAM adenovirus. C:
Western blot was used to detect the protein expression level of HepaCAM in PC3 and LNCaP cells after transfection of HepaCAM adenovirus. D: Gray
level correlation of PC3, LNCaP cell protein expression. ***P<0.001 compared with Ad-GFP group.

E3 PRimSidRiIAHepaCAMAYIEIE
Fig.3 Verification of adenovirus overexpression of HepaCAM
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A. B: MTTE BN ik HepaCAM S PC3 . LNCaPAH A IE . **P<0.01, 5% (4L
A,B: MTT method was used to detect the proliferation activity of PC3 and LNCaP cells after HepaCAM overexpression. **P<0.01 compared with

blank group.

El4 MTT3E5 BENE R EHepaCAM/GPC3. LNCaP4APRRIIE5E 5E M
Fig4 MTT method was used to detect the proliferation activity of PC3 and LNCaP cells after the overexpression of HepaCAM
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Fig.5 The expression levels of GLS, SLC1AS5, MYC, Cyclin D1, PCNA mRNAs and proteins in the cells
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Fig.7 Expression of GLS, SLC1AS, MYC, Cyclin D1, PCNA mRNA and protein after Gln deprivation in
RWPE-1, PC3 and LNCaP cells
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Fig.8 Colony forming assay and MTT assay were used to detect the colony numbers and proliferation activity of PC3 and
LNCaP cells after the overexpression of HepaCAM and GIn deprivation alone or in combination
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after the overexpression of HepaCAM and GIn deprivation alone or in combination

pathology and the 2016 WHO classification [J]. Oncotarget, 2018,
9(18): 14723-37.

FRIEDENREICH C M, WANG Q, NEILSON H, et al. Physical
activity and survival after prostate cancer [J]. Eur Urol, 2016, 70(4):
576-85.

BANERIJEE S, ZARE R N, TIBSHIRANI R J, et al. Diagnosis of

prostate cancer by desorption electrospray ionization mass spec-

(4]

B3]

trometric imaging of small metabolites and lipids [J]. PNAS, 2017,
114(13): 3334-9.

NIKLISON C M V, ERNGREN I, ENGSKOG M, et al. TAp73 is a
marker of glutamine addiction in medulloblastoma [J]. Genes Dev,
2017, 31(17): 1738-53.

MAYERS J R, VANDER H M G. Famine versus feast: understand-
ing the metabolism of tumors in vivo [J]. Trends Biochem, 2015,
40(3): 130-40.



1930

)

BRI

(6]

(7]

(8]

]

(10]

(1

[12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

WANG C, WU J, WANG Z, et al. Glutamine addiction activates
polyglutamine-based nanocarriers delivering therapeutic siRNAs to
orthotopic lung tumor mediated by glutamine transporter SLC1AS
[J]. Biomaterials, 2018, 183: 77-92.

HASSANEIN M, HOEKSEMA M D, SHIOTA M, et al. SLC1AS5
mediates glutamine transport required for lung cancer cell growth
and survival [J]. Clin Cancer Res, 2013, 19(3): 560-70.

DAIW, XU L, YU X, et al. OGDHL silencing promotes hepatocel-
lular carcinoma by reprogramming glutamine metabolism [J]. Hepa-
tology, 2020, 72(5): 909-23.

YOO H C, PARK S J, NAM M, et al. A variant of SLC1A5 is a mi-
tochondrial glutamine transporter for metabolic reprogramming in
cancer cells [J]. Cell Metab, 2020, 31(2): 267-83.e12.

LIU M, WANG Y, RUANYY, et al. PKM2 promotes reductive gluta-
mine metabolism [J]. Cancer Biol Med, 2018, 15(4): 389-99.
AREIC BT TG BRI i R B EPm A QA Ar B e
LB RTTED). HPR: HRERRLRE, 2018.

RUBIN H. Deprivation of glutamine in cell culture reveals its poten-
tial for treating cancer [J]. PNAS, 2019, 116(14): 6964-8.

NISHI K, SUZUKI M, YAMAMOTO N, et al. Glutamine deprivation
enhances acetyl-CoA carboxylase inhibitor-induced death of human
pancreatic cancer cells [J]. Anticancer Res, 2018, 38(12): 6683-9.
WANG L, BIR, LI L, et al. Functional characteristics of autophagy in
pancreatic cancer induced by glutamate metabolism in pancreatic stel-
late cells [J]. Int Med Res, 2020, doi: 10.1177/0300060519865368.
LOWMAN X H, HANSE E A, YANGYY, et al. p53 promotes cancer
cell adaptation to glutamine deprivation by upregulating SLC7A3 to
increase arginine uptake [J]. Cell Rep, 2019, 26(11): 3051-60.e4.
CHUNG M M, HOON L L, SHEN S. Cloning and characterization
of HepaCAM, a novel Ig-like cell adhesion molecule suppressed in
human hepatocellular carcinoma [J]. Hepatol, 2005, 42(6): 833-41.
MOH M C, ZHANG C, LUO C, et al. Structural and functional
analyses of a novel ig-like cell adhesion molecule, HepaCAM, in the
human breast carcinoma MCF7 cells [J]. Biol Chem, 2005, 280(29):
27366-74.

SONG X, WANG Y, DU H, et al. Overexpression of HepaCAM
inhibits cell viability and motility through suppressing nucleus
translocation of androgen receptor and ERK signaling in prostate
cancer [J]. Prostate, 2014, 74(10): 1023-33.

TANG M, ZHAO Y, LIU N, et al. Overexpression of HepaCAM
inhibits bladder cancer cell proliferation and viability through the
AKT/FoxO pathway [J]. Cancer Res Clin Oncol, 2017, 143(5): 793-
805.

WANG X, CHEN E, YANG X, et al. 5-azacytidine inhibits the
proliferation of bladder cancer cells via reversal of the aberrant hy-
permethylation of the HepaCAM gene [J]. Oncol Rep, 2016, 35(3):
1375-84.

FAN'Y, OU L, FAN J, et al. HepaCAM regulates Warburg effect of
renal cell carcinoma via HIF-10/NF-«B signaling pathway [J]. Urol-
ogy, 2019, 127: 61-7.

QUAN Z, HE'Y, LUO C, et al. Interleukin 6 induces cell prolifera-
tion of clear cell renal cell carcinoma by suppressing HepaCAM via
the STAT3-dependent up-regulation of DNMT1 or DNMT3b [J].
Cell Signal, 2017, 32: 48-58.

DENG Q, LUO L, QUAN Z, et al. HepaCAM inhibits cell
proliferation and invasion in prostate cancer by suppressing nuclear
translocation of the androgen receptor via its cytoplasmic domain [J].

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Mol Med Rep, 2019, 19(3): 2115-24.

BRAY F, FERLAY J, SOERJOMATARAM I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [J]. CA Cancer J Clin,
2018, 68(6): 394-424.

MOH M C, ZHANG T, LEE L H, et al. Expression of HepaCAM is
downregulated in cancers and induces senescence-like growth arrest
via a p53/p21-dependent pathway in human breast cancer cells [J].
Carcinogenesis, 2008, 29(12): 2298-305.

XU B, HE Y, WU X, et al. Exploration of the correlations between
interferon-y in patient serum and HepaCAM in bladder transitional
cell carcinoma, and the interferon-y mechanism inhibiting BIU-87
proliferation [J]. Urology, 2012, 188(4): 1346-53.

XUN C, LUO C, WU X, et al. Expression of HepaCAM and its ef-
fect on proliferation of tumor cells in renal cell carcinoma [J]. Urol-
ogy, 2010, 75(4): 828-34.

GENG H T, CAO R J, CHENG L, et al. Overexpression of Hepato-
cyte cell adhesion molecule (HepaCAM) inhibits the proliferation,
migration, and invasion in colorectal cancer cells [J]. Oncol Res,
2017, 25(7): 1039-46.

WANG Q, LUO C, WU X, et al. HepaCAM and p-mTOR closely
correlate in bladder transitional cell carcinoma and HepaCAM ex-
pression inhibits proliferation via an AMPK/mTOR dependent path-
way in human bladder cancer cells [J]. Urology, 2013, 190(5): 1912-
8.

WANG X, CHEN E, TANG M, et al. The SMAD2/3 pathway is
involved in hepaCAM-induced apoptosis by inhibiting the nuclear
translocation of SMAD2/3 in bladder cancer cells [J]. Tumour Biol,
2016, 37(8): 10731-43.

SON J, LYSSIOTIS C A, YING H, et al. Glutamine supports
pancreatic cancer growth through a KRAS-regulated metabolic
pathway [J]. Nature, 2013, 496(7433): 101-5.

DEBERARDINIS R J, MANCUSO A, DAIKHIN E, et al. Beyond
aerobic glycolysis: transformed cells can engage in glutamine
metabolism that exceeds the requirement for protein and nucleotide
synthesis [J]. PNAS, 2007, 104(49): 19345-50.

PAN M, REID M A, LOWMAN X H, et al. Regional glutamine de-
ficiency in tumours promotes dedifferentiation through inhibition of
histone demethylation [J]. Nat Cell Biol, 2016, 18(10): 1090-101.
BIANCUR D E, PAULO J A, MALACHOWSKA B, et al.
Compensatory metabolic networks in pancreatic cancers upon
perturbation of glutamine metabolism [J]. Nat Commun, 2017, 8:
15965.

VANHOVE K, DERVEAUX E, GRAULUS G, et al. Glutamine
addiction and therapeutic strategies in lung cancer [J]. Int J Mol Sci,
2019, doi: 10.3390/ijms20020252.

WISE D R, DEBERARDINIS R J, MANCUSO A, et al. Myc
regulates a transcriptional program that stimulates mitochondrial
glutaminolysis and leads to glutamine addiction [J]. PNAS, 2008,
105(48): 18782-7.

GAO P, TCHERNYSHYOV I, CHANG T C, et al. c-Myc
suppression of miR-23a/b enhances mitochondrial glutaminase
expression and glutamine metabolism [J]. Nature, 2009, 458(7239):
762-5.

WHITE M A, LIN C, RAJAPAKSHE K, et al. Glutamine
Transporters are targets of multiple oncogenic signaling pathways in
prostate cancer [J]. Mol Cancer Res, 2017, 15(8): 1017-28.



