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Abstract
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Background and Aims: Hepatocellular carcinoma (HCC) is characterized by high invasiveness,
frequent recurrence, and poor clinical prognosis. The molecular mechanisms underlying the occurrence
and development of HCC remain unclear. Phosphatidylinositol transfer protein cytoplasmic 1
(PITPNCI) is a lipid metabolism-related gene shown to promote cancer. However, the role of PITPNCI1
in the development of HCC remains unknown. Thus, this study aimed to investigate the expression and
function of PITPNCI in HCC.

Methods: A prospective cohort study was conducted on 116 patients with HCC who underwent liver
resection surgery at Xiangya Hospital, Central South University, from January 2015 to December 2018.
Patient medical records and tissue specimens were collected, and regular follow-ups were performed.
Immunohistochemistry was used to detect PITPNCI1 protein expression in patient tissue samples, and the
relations of PITPNCI expression with clinicopathologic features and prognosis were analyzed. The
expression of PITPNC1 in human HCC cell lines was analyzed using the LCCLD database. Lentivirus-
mediated small RNA interference was utilized to silence PITPNC1 expression in the highly invasive and
metastatic HCC cell line MHCC97H. Colony formation and subcutaneous tumor experiments were
performed to observe the relationship between PITPNCI1 expression and HCC growth, and Oil Red O
staining was conducted on the subcutaneous xenografts. Bioinformatics analysis was used to investigate
the molecular mechanisms of PITPNCI action.

Results: The PITPNCI1 protein was positively stained in the cytoplasm, with a positive expression rate
of 76.7% (88/116) in tumor tissues and 21.5% (24/116) in adjacent non-tumor liver tissues, and the
difference was statistically significant (P<0.001). High PITPNCI1 expression was significantly associated
with satellite nodules (P=0.041), vascular invasion (P<0.001), tumor differentiation (P=0.027), BCLC
stage (P=0.009), and TNM stage (P=0.028). Kaplan-Meier survival analysis revealed that HCC patients
with high PITPNCI expression had significantly lower overall survival (OS) and recurrence-free
survival (RFS) rates (both P<0.001); PITPNCI1 expression was an independent factor influencing OS and
RFS (HR=11.775, 95% CI=1.462-4.082, P=0.006; HR=1.928, 95% CI=1.306-4.889, P=0.004). After
PITPNCI silencing, both in vitro and in vivo growth of MHCC97H cells were significantly suppressed
(both P<0.05). Oil Red O staining showed a significant reduction in lipid accumulation in the
subcutaneous xenografts following PITPNC1 downregulation (P<0.05). Database analysis indicated that
PITPNCI1 overexpression was associated with lipid metabolism-related PPAR signaling pathway activity.
Conclusion: PITPNCI is a novel oncogene and adverse prognostic marker in HCC. It may play a
significant role in promoting HCC growth by regulating the lipid metabolism pathway.

Carcinoma, Hepatocellular; Phosphatidylinositol Transfer protein Cytoplasmic 1; Lipid Metabolism
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1.1 HCCPAZIEIL 5kEH

A 55 vh g R N A s B 3 3E AP R 2015 4F 1 H —
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HEABNE, Hop BAYES8 i, Lotk 28 B, HBHEMA
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A -9 MHCCOTH 40 Ml 2 W [ (= B 27 B | 1
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H % [ Gibeo A ) Ml 1% 75 55 % /5% % £ () DMEM
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IR v 9T 40 6 853 19 1 43 2 Tmage J 57 D
SEL . £ PR A M B BT 5 o BOR DL G 5
FE, I H A 2% 17 5 (H-Score) 5 4t Xt 45 11
Ji 2% 38 HEAT 2 2 wIEAG™, H P43 [ 0~300,
DL o7 (B K PITPNCL 36 35 43 o 36 3k 41 FAIK 3%
K4
1.4 HRIEFRFIERE RNA TH RAFE 3

H M 3 O Ok pLKO. 1-puro plasmid fu %%
PITPNC1 -+ #& RNA (shPITPNC1) = B M X B8
(shNC) % 7e A T 9 MHCCO7H 20 i & . shPITPNCI
5 shNC g 3 76 GenePharma 2~ &), R 35 158 B 45 o
1156 4% o shPITPNCI +#EJ¥ 51 : 5'-GTT GAG ATA
CAC CCG CTT CT-3'; shNC F4EJF %1 : 5'-ACA ACA
GCT CTA GCC CAA CT-3',
1.5 iR 5E PR BY SE TG I 4 P 52 7% 72 B B

MHCCO7H 41 il L) 4 £L 1 x 10° /4> 41 i %5 JiF 32 Foh
FEO6FLMWAN, 24 h 5 AR R B WA FF, 3 d
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1.8 HBES

LCCL #4220 #1 : 2 B LCCLD 505 % (hitps:
/Neel. zuemanlab. com/hee/home ) U6V 3FE 47 A BT 988 410 g
Z 1Y PITPNC1 mRNA 3k 7K V- 43 #r . STRING %4
W By B . 2 BCSTRINGVIL B 4% % (hiips://en.
string—db.org) ", HEAT PITPNC1 2 3% PPI I’ 45 43 7 .
fifi FH DAVID %85 P 7 2% T H-XF PITPNC1 3 A iF 17
GO I RE & 4 /3 BT A KEGG {5 5 il J% & 4 40 7 .
UALCAN %4 )% 43 1« 2 B UALCAN  (hitp://ualcan.
path. uab. edu) ", A T 43 H7 i AE OMICS %4 4
(TCGA F1 MET500) JFjift i) 4 4 &=, PITPNC1 H: 3£
ik kDR TR R AL SUR g o5 A U 25 S ARGkl Y
UALCAN 434 .
1.9 SitFiE

K FH SPSS B (RRAS 5 23.0) X A BF 52 £ 46
WATGE A0, R £ iR (2 s)

PITPNC1

Fon, d 225 BRI S AR A oA 565 THETE
FHHGIE (A2%) [0 (%) 1FmR, dEZE5LT
BERH Y K5 o A A7 23 1 HH Kaplan-Meier 15 42 11 43
P AR A A7 38, Cox BE B JXURG: 55 0 43 A 52 1) 6257 T
JE B9 &K A 25 . i GraphPad Prism Version 9.02 {443
Prifil . P<0.05 0 2253 A Gt L.
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FIEENT76.7% (88/116), TEJE 57 LA PE R KR
H215% (24/116), 2 RA Gt 5 L (P<0.001)
CIE D o W HPE P (11312) , #
PITPNC1 54> A £k 4l (89 ) K F A4
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BAE e, 45 S5, PITPNCI ik 5 T AESEYY
(P=0.041) . M4 R (P<0.001) . M1k (P=
0.027) . BCLC 4% #1 (P=0.009) . TNM 4r #§ (pP=
0.028) #YIM K (£ 1), Kaplan-Meier 4= 17 53 #1 &
B, PITPNC1 % i5k 5 B4R 4 77 (overall survival,
0S) KM E KHEA (relapse free survive, RFS)
RIEMA X (4 P<0.001) (K 2), PITPNCI ik
T HCC A8 25 1 R 10/ 5 2%

E1
Figure 1
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Immunohistochemical staining for expression of PITPNC1 in tumor tissues and adjacent normal tissues of HCC
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Table 1 The relationship between PITPNC1 protein expression and clinicopathologic features of HCC [n (%)]
! R (n=27)  FERAEL(n=89) P ekl {RFIRH (n=27) B 72152H (n=89) P
R () Jibsi g 5
<60 15(55.6) 52(58.4) A 18(66.7) 44(49.4)
0.791 0.116
>60 12(44.4) 37(41.6) ZA~ 9(33.3) 45(50.6)
el Jieb9e F A
5 18(66.7) 70(78.7) el 12(44.4) 29(32.6)
0.202 0.259
5's 9(33.3) 19(21.3) I 15(55.6) 60(67.4)
HFLIfiE Child-Pugh 73%% TS
A 17(63.0) 69(77.5) G 16(59.3) 33(37.1)
0.130 0.041
B 10(37.0) 20(22.5) H 11(40.7) 56(62.9)
HEH (g/L) IR
<35 5(18.5) 8(9.0) I 20(74.1) 22(24.7)
0.169 <0.001
>35 22(81.5) 81(91.0) i 7(25.9) 67(75.3)
& (ng/mlL) Jisgd 1k
<200 13(48.1) 32(36.0) I 19(70.4) 41(46.1)
0.255 0.027
>200 14(51.9) 57(64.0) /v 8(29.6) 48(53.9)
AFgifk BCLC 3+
Jc 6(22.2) 8(9.0) A 16(59.3) 28(31.5)
0.064 0.009
H 21(77.8) 81(91.0) B/C 11(40.7) 61(68.5)
A KN (em) TNM 431
<5 13(48.1) 27(30.3) I 13(48.1) 23(25.8)
0.088 0.028
>5 14(51.9) 62(69.7) /111 14(51.9) 66(74.2)
L0 iRk 108 S
801 P<0.001 80 A P<0.001
ﬁr 60 ﬁ 60
= =
B 40 4 B 40 4
204 20
0 T r T r ! 0
0 12 24 36 48 60 0 12 24 36 48 60
FitiiRst 1] () A Fiti s el (H ) B
B2 AEPITPNCIREKFEEEETFHEZ A: PITPNCI HFRAMERAL OSHIZ; B: PITPNCI &3k AL 4] RFS
HiEST

Figure 2 Survival curves of patients with different levels of PITPNC1 expression

A: OS curves of patients with high and low

PITPNC1 expression; B: RFS curves of patients with high and low PITPNC1 expression

22 HCCEEMaHmEZRS

BAR R Cox M4 2B, FDIfiE Child-Pugh 43
% (P=0.041) . 8L (P=0.036) . HAG&E A (P=
0.022) . Mg K/ (P=0.015) . MR fLR (P=0.031) .
g EcH (P=0.010) . M4 (P<0.001) . TA
4597 (P=0.020) . BCLC 4+ (P=0.009) . TNM 43
(P=0.011) #1 PITPNC1 F ik (P=0.004) 5 HCC &
FOSHWI A XK M sk (P=0.035). HREA
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(P=0.042) . Figa R/ (P=0.028). it (P=0.010) .
g% H (P=0.031) . M4 RIE (P=0.002). T A
4595 (P=0.007) . BCLC 48] (P=0.016) . TNM 43
(P=0.027) FIPITPNC1 £ ik (P=0.003) 5 HCC ¥
RESHIW AL (£2).

Z 78w Cox Bl IH /3 Hr ik sE, M4 H (HR=
1.382, 95% CI=1.106~2.862, P=0.038), Il & %L
(HR=2.572, 95% CI=1.467~5.372, P<0.001), T J&
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4595 (HR=1.365, 95% CI=1.086~2.957, P=0.042),
BCLC 4+ #1 (HR=1.566, 95% CI=1.127~3279, P=
0.010), TNM/3# (HR=1.489, 95% CI=1.108~2.962,
P=0.021) , PITPNC1 % ik (HR=1.775, 95% Cl=
1.462~4.082, P=0.006) J& HCC & # OS i)l 57 5%
2 Ml (HR=1.236, 95% CI=1.086~2.132,
P=0.036) , By H (HR=1.467, 95% CI=1.127~

2352, P=0.020), Il = (HR=2.738, 95% CI=
1.455~7.021, P<0.001) , T &2 455 (HR=1.544,
95% CI=1.102~2.215, P=0.014), BCLC Zr#1 (HR=
1.562, 95% CI=1.186~2.427, P=0.010), TNM 4
(HR=1416, 95% CI=1.105~2.221, P=0.027) ,
PITPNC1 %35 (HR=1.928, 95% CI=1.306~4.889, P=
0.004) J& HCC B H RFS I Zm A E (F£3),

#£2 HCCEZEOSERFSEIMEZRBEIE Cox EIFHHT

Table 2 Univariate Cox regression analysis of factors influencing OS and RFS in HCC patients

0S RFS
At

HR(95% CI) P HR(95% CI) P
P 5 e vs. 2P 1.028(0.724~1.257) 0.522 1.108(0.816~1.468) 0.302
AEHE (560 47 vs.<60 %/ ) 1.136(0.852~1.521) 0.314 1.079(0.728~1.356) 0.469
I FREBUE (B vs. BIME) 1.204(0.921~1.672) 0.165 1.054(0.625~1.347) 0.511
P14 11 (<35 /L vs.>35 g/L.) 1.238(0.944~1.836) 0.082 1.168(0.957~1.544) 0.207
JiEE A4k (LT vs. 11D 1.218(0.907~2.037) 0.073 1.407(1.092~2.426) 0.035
AP Child-Pugh 732% (B vs. A) 1.286(1.052~1.933) 0.041 1.204(0.974~1.682) 0.076
AL CF vs. TE) 1.307(1.079~1.874) 0.036 1.195(0.893~2.035) 0.118
i 25 11 (>20 ng/mL 95.<20 ng/ml.) 1.335(1.165~2.178) 0.022 1.356(1.057~2.372) 0.042
JHEE K /N (>S5 em s, <5 em) 1.467(1.251~3.096) 0.015 1.425(1.108~2.135) 0.028
S G (T vs. A7) 1.395(1.086~2.318) 0.031 1.648(1.216~2.534) 0.010
i (B vs. 24) 1.524(1.294~3.543) 0.010 1.382(1.095~2.263) 0.031
MAFAL CF vs. J0) 2.827(1.642~6.522) <0.001 3.426(1.857~8.637) 0.002
PR (s ) 1.478(1.164~2.413) 0.020 1.754(1.235~3.244) 0.007
BCLC 43 (B+C vs. A) 1.603(1.152~2.757) 0.009 1.527(1.165~2.952) 0.016
TNM 4338 (1/I ws. 1) 1.533(1.107~2.471) 0.011 1.456(1.108~2.623) 0.027
PITPNC1 15 (5 vs. 1K) 1.867(1.256~4.821) 0.004 2.105(1.422~5.755) 0.003

%*3 HCCEEOSERFSEMEZRMNZEZE Cox BF5 1
Table 3 Multivariate Cox regression analysis of factors influencing OS and RFS in HCC patients
.- 0S RFS

HR(95% CI) P HR(95% CI) P
PER (B vs. LoPE) — — — —
AR (560 % 15.<60 %7 ) = = = =
iR (BH M os. BME) — — — —
& (<35 /L vs. >35 g/L.) = — — —
Jirgd 234k (II/TV ws. 1I1) — — 1.247(0.963~1.762) >0.05
JTFZEE Child-Pugh 432% (B vs. A) 1.055(0.779~1.308) >0.05 — —
AL CF vs. T8 1.104(0.824~1.576) >0.05 — —
2 1 (520 ng/mL 5.<20 ng/ml.) 1.212(0.966~1.931) >0.05 1.052(0.894~1.827) >0.05
JigEE KN (>5 em s <5 cm) 1.173(0.891~1.853) >0.05 1.113(0.905~1.691) >0.05
JiRE RS (T vs. A7) 1.126(0.983~1.965) >0.05 1.236(1.086~2.132) 0.036
JEEECH (P4~ vs. 24Y) 1.382(1.106~2.862) 0.038 1.467(1.127~2.352) 0.020
MR (A vs. E) 2.572(1.467~5.372) <0.001 2.738(1.455~7.021) <0.001
TPEEE (Fvs. J0) 1.365(1.086~2.957) 0.042 1.544(1.102~2.215) 0.014
BCLC /M (B+C vs. A) 1.566(1.127~3.279) 0.010 1.562(1.186~2.427) 0.010
TNM 439 (II/10L vs. 1) 1.489(1.108~2.962) 0.021 1.416(1.105~2.221) 0.024
PITPNC1 3k (75 vs. 1K) 1.775(1.462~4.082) 0.006 1.928(1.306~4.889) 0.004
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Figure 3 The impact of PITPNC1 expression on HCC cell growth and lipid accumulation
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Figure 4

Enrichment analysis of PITPNC1 expression and interaction molecules in HCC

A: KEGG pathway altered in the

high PITPNC1 expression group; B: GO enrichment plot altered in the high PITPNCI1 expression group; C: Protein-protein

interaction (PPI) network of PITPNC1-associated proteins from the STRING database; D: Differential expression analysis

of PITPNCI1 interacting genes in the TCGA cohort of HCC patients

AW S5 R s T % 3 B9 PITPNCT 5 HCC

© WA )3 of [ FF I F A EPTA

HBH WS S YUIA % . PITPNCI 7E HCC B s 41 41
BFE FiE, PITPNCI /Kb 59845 9% . RN, 4y
HA RN 045 RSB FR B LA S HCC B 3% 119 OS F1 RFS #H 6.

http://www.zpwz.net



M

KA, & R IRBEALEE B35 2 G 40 B0 R 1 7 I 20 R P R A ROl R B S 1069

HCC 28 Mg rh PITPNCT (1 s IR AE — 8 B2 B B4 3 1 98
A AIEBEAE J1, PITPNCI A REVE M EUR N T & 155 &
BAEM . fEADFS T, UEHE SZEE PITPNCI 7€ HCC i
JR R R PRI S BEVE ] . ASBIFSE & B PITPNCI 5 £ Fh
RS R RE AR OCTE B A OC, LG AR AR . R BR
PITPNC1 75 HCC 4 Jifd v 2 35 Yl 400 i o 2 4 A A G
R, PITPNCI A fESE HCC B3R YT 1T A Al 4740 55

REAE W55 R T, B o A 35 A2 b 73 200 i 48 5
) il R AR o R T AR I 2 R g 0 P A
AR R AE 2 — o g A0 R R B R A i 3R B g
L AR A, W e Y LA RO R A B R
M 1R RE 3R 97 1 RN BT AT BAE T T Bk
Z B UE RPN FE W, T 40 A I AT RE S Rl 3 g 4T
0BT O SN S 1 A B 11 DR 2 [ P N
) Ml S, R A AR s B B A AR A
PEAE R EE . 20 NE oA G A AR R 3 Y A Ak
5 NFEHCC 1Y & A= Fn it J AT 56, 9 40 i v i K
B 43 g 5 B g A AL E TR P A R L R AR N
FROB A A5 3] T MEHE L X R B A S ML AN — 2
FEIE AR S VRG5O A0 M R A I A e X
X T 3 i B AR 7E NASH- TR 4k 5 HCC A 54 Y
o AR B (4 VB A R P,

AR I 18 1) O S T P AR A R A ML TR
AN TR ) FE B0 VR T, X T ) B g & A= RN
RIBWHLE ZCEZ . ANJEHCC AR B4 R IEHE =
TH NS . EEA . N R R R AR Y R AR
R, S Se 7 U A A iR A 2, e
TR R ) ZMERH, SIS E A RES .
R . pbakE A0 AR AT T RN G e Y ke 22 (4 E
P8 2% BH G2 AH 5C B 43 S JAE 12 W R S A B v A i
(B B bR B . A58 & B PITPNC % (K 5 g m AL
A PPAR {5 5 38 B LA AH G . pESEP R B, o
S AW i A3 T D0 2 4R v (PPARY) J& —Fiid
RIS A Z AR, TR L2 . R I 4L 4UR B
BE VL 20 rp (v e 3 2R Rt L R A R A R S E
5 PPARy 45 45 i ic 44 2 fish & PPARy Fl1 28 1 2 i X
ZARS Z® Ak, X 0] BE 2 fE PPARy $EIL K E 8
PN 5 A L0 DR sl A ) R & PPAR B T
IF 8 A HL R S o 3R A RN AR HCC 40 i F 25 E
ST PPARy 75 40 M3 5 . 3T B A0 A A B b B AR
JHo A PPAR 5 53 % 5 HCC i v i) S 73 41 i
R R A OG, R BIJE PPAR S5 IR A R A
4 B FN L A A K SF-AH OGP, PITPNCT BRI 2 & 5

© WA )3 of [ FF I F A EPTA

Jil 83 G PE VR IT 1) 5 v Z [RIAFAEBE &2, PITPNC1 &
55 Mg 0 9% A 2 4 A O 4 M B0 HCC S,
T JG ST T LAIESE

MBFE: HAREAENRELEA BT,

PE TR 5 0 RIR B ST IRAL T gk AR R
B BT ¥ R I 2 AT I R R AR K e A
PAZ BT R B AR R TR R I AR LR A IRE TR A o
FALAG Ao F5 R 5,

£ % 3k

[1] Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics, 2023[J].
CA Cancer J Clin, 2023, 73(1):17-48. doi: 10.3322/caac.21763.

[2] Llovet JM, Pinyol R, Kelley RK, et al. Molecular pathogenesis and
systemic therapies for hepatocellular carcinoma[J]. Nat Cancer,
2022, 3(4):386-401. doi: 10.1038/s43018-022-00357-2.

[3] Yang SS, Cai CW, Wang HQ, et al. Drug delivery strategy in
hepatocellular carcinoma therapy[J]. Cell Commun Signal, 2022, 20
(1):26. doi: 10.1186/s12964-021-00796~x.

[4] Faubert B, Solmonson A, DeBerardinis RJ. Metabolic
reprogramming and cancer progression[J]. Science, 2020, 368
(6487):eaaw5473. doi: 10.1126/science.aaw5473.

[5] Du DY, Liu C, Qin MY, et al. Metabolic dysregulation and
emerging therapeutical targets for hepatocellular carcinoma[J]. Acta
Pharm Sin B, 2022, 12(2): 558-580. doi: 10.1016/.
apsb.2021.09.019.

[6] Lewinska M, Santos-Laso A, Arretxe E, et al. The altered serum
lipidome and its diagnostic potential for Non-Alcoholic Fatty Liver
(NAFL) -associated hepatocellular carcinoma[J]. EBioMedicine,
2021, 73:103661. doi: 10.1016/j.ebiom.2021.103661.

[7] Tan SLW, Israeli E, Ericksen RE, et al. The altered lipidome of
hepatocellular carcinoma[J]. Semin Cancer Biol, 2022, 86(Pt 3):
445-456. doi: 10.1016/j.semcancer.2022.02.004.

[8] Alannan M, Fayyad-Kazan H, Trézéguet V, et al. Targeting lipid
metabolism in liver cancer[J]. Biochemistry, 2020, 59(41): 3951-
3964. doi: 10.1021/acs.biochem.0c00477.

[9] Tang GQ, Ma CX, Li LK, et al. PITPNCIl promotes the
thermogenesis of brown adipose tissue under acute cold
exposure[J]. Sci China Life Sci, 2022, 65(11): 2287-2300. doi:
10.1007/s11427-022-2157-y.

[10] Halberg N, Sengelaub CA, Navrazhina K, et al. PITPNCI recruits
RABIB to the Golgi network to drive malignant secretion[J].
Cancer  Cell, 2016, 29(3): 339-353. doi: 10.1016/.
ccell.2016.02.013.

[11] Tan YJ, Lin KL, Zhao Y, et al. Adipocytes fuel gastric cancer
omental metastasis via PITPNCl-mediated fatty acid metabolic

reprogramming[J]. Theranostics, 2018, 8(19): 5452-5468. doi:

http://www.zpwz.net


http://dx.doi.org/10.3322/caac.21763
http://dx.doi.org/10.1038/s43018-022-00357-2
http://dx.doi.org/10.1186/s12964-021-00796-x
http://dx.doi.org/10.1126/science.aaw5473
http://dx.doi.org/10.1016/j.apsb.2021.09.019
http://dx.doi.org/10.1016/j.apsb.2021.09.019
http://dx.doi.org/10.1016/j.ebiom.2021.103661
http://dx.doi.org/10.1016/j.semcancer.2022.02.004
http://dx.doi.org/10.1021/acs.biochem.0c00477
http://dx.doi.org/10.1007/s11427-022-2157-y
http://dx.doi.org/10.1007/s11427-022-2157-y
http://dx.doi.org/10.1016/j.ccell.2016.02.013
http://dx.doi.org/10.1016/j.ccell.2016.02.013
http://dx.doi.org/10.7150/thno.28219

1070 W E AR A

532 4

10.7150/thno.28219.

[12] Tan YJ, Shao RY, Li JY, et al. PITPNCI fuels radioresistance of
rectal cancer by inhibiting reactive oxygen species production[J].
Ann Transl Med, 2020, 8(4):126. doi: 10.21037/atm.2020.02.37.

[13] Bitirim CV. The role of zinc transporter proteins as predictive and
prognostic biomarkers of hepatocellular cancer[J]. PeerJ, 2021, 9:
el12314. doi: 10.7717/peerj.12314.

[14] Yang XM, Cao XY, He P, et al. Overexpression of rac GTPase
activating protein 1 contributes to proliferation of cancer cells by
reducing  hippo cytokinesis[J].
Gastroenterology, 2018, 155(4): 1233-1249. doi: 10.1053/.
gastro.2018.07.010.

[15] Ruan Y, Chen WP, Gao C, et al. REXO4 acts as a biomarker and

signaling to  promote

promotes hepatocellular carcinoma progression[J]. J Gastrointest
Oncol, 2021, 12(6):3093-3106. doi: 10.21037/jgo-21-819.

[16] Caruso S, Calatayud AL, Pilet J, et al. Analysis of liver cancer cell
lines identifies agents with likely efficacy against hepatocellular
carcinoma and markers of response[J]. Gastroenterology, 2019, 157
(3):760-776. doi: 10.1053/j.gastro.2019.05.001.

[17] Szklarczyk D, Gable AL, Lyon D, et al. STRING vll: protein-
protein association networks with increased coverage, supporting
functional discovery in genome-wide experimental datasets[J].
Nucleic Acids Res, 2019, 47(D1): D607-613. doi: 10.1093/nar/
gkyl131.

[18] Chandrashekar DS, Bashel B, Balasubramanya SAH, et al.
UALCAN: a portal for facilitating tumor subgroup gene expression
and survival analyses[J]. Neoplasia, 2017, 19(8): 649-658. doi:
10.1016/j.ne0.2017.05.002.

[19] Liu SS, Zhao W, Li XM, et al. AGTRAP is a prognostic biomarker
correlated with immune infiltration in hepatocellular carcinoma[J].
Front Oncol, 2021, 11:713017. doi: 10.3389/fonc.2021.713017.

[20] Cavieres VA, Cerda-Troncoso C, Rivera-Dictter A, et al. Human
Golgi phosphoprotein 3 is an effector of RABIA and RABIB[J].
PLoS One, 2020, 15(8): e0237514. doi: 10.1371/journal.
pone.0237514.

[21] Hsieh YH, Hsieh SC, Lee CH, et al. Targeting EMP3 suppresses
proliferation and invasion of hepatocellular carcinoma cells through
inactivation of PI3K/Akt pathway[J]. Oncotarget, 2015, 6(33):
34859-34874. doi: 10.18632/oncotarget.5414.

[22] Dai HJ, Zeng W, Zeng WJ, et al. HELZ2 promotes K63-linked
polyubiquitination ~ of c¢-Myc to induce retinoblastoma
tumorigenesis[J]. Med Oncol, 2022, 39(1):11. doi: 10.1007/s12032~
021-01603-w.

[23] Liu YZ, Lan LH, Li YJ, et al. N-glycosylation stabilizes MerTK
and promotes hepatocellular carcinoma tumor growth[J]. Redox
Biol, 2022, 54:102366. doi: 10.1016/j.redox.2022.102366.

[24] Guo Q, Yu DY, Yang ZF, et al. IGFBP2 upregulates ZEBI
expression and promotes hepatocellular carcinoma progression
through NF-«B signaling pathway[J]. Dig Liver Dis, 2020, 52(5):
573-581. doi: 10.1016/j.d1d.2019.10.008.

© WA )3 of [ FF I F A EPTA

[25] Bian XL, Liu R, Meng Y, et al. Lipid metabolism and cancer[J]. J
Exp Med, 2021, 218(1):¢20201606. doi: 10.1084/jem.20201606.

[26] Liu T, Wang Z, Ye L, et al. Nucleus-exported CLOCK acetylates
PRPS to promote de novo nucleotide synthesis and liver tumour
growth[J]. Nat Cell Biol, 2023, 25(2): 273-284. doi: 10.1038/
s41556-022-01061-0.

[27] Sun J, Ding J, Shen Q, et al. Decreased propionyl-CoA metabolism
facilitates metabolic reprogramming and promotes hepatocellular
carcinoma[J]. J Hepatol, 2023, 78(3): 627-642. doi: 10.1016/].
jhep.2022.11.017.

[28] Sangineto M, Villani R, Cavallone F, et al. Lipid metabolism in
development and progression of hepatocellular carcinomal[J].
Cancers, 2020, 12(6):1419. doi: 10.3390/cancers12061419.

[29] Paul B, Lewinska M, Andersen JB. Lipid alterations in chronic
liver disease and liver cancer[J]. JHEP Rep, 2022, 4(6): 100479.
doi: 10.1016/j.jhepr.2022.100479.

[30] Hall Z, Chiarugi D, Charidemou E, et al. Lipid remodeling in
hepatocyte  proliferation and hepatocellular  carcinomalJ].
Hepatology, 2021, 73(3):1028-1044. doi: 10.1002/hep.31391.

[31] Hu B, Lin JZ, Yang XB, et al. Aberrant lipid metabolism in
hepatocellular ~ carcinoma cells as well as immune
microenvironment: a review[J]. Cell Prolif, 2020, 53(3): e12772.
doi: 10.1111/cpr.12772.

[32] Hu B, Yang XB, Sang XT. Construction of a lipid metabolism-
related and immune-associated prognostic signature for
hepatocellular carcinomal[J]. Cancer Med, 2020, 9(20): 7646-7662.
doi: 10.1002/cam4.3353.

[33] Zuo QZ, He J, Zhang S, et al. PPARY coactivator-la. suppresses
metastasis of hepatocellular carcinoma by inhibiting Warburg effect
by PPAR<y -dependent WNT/B -catenin/pyruvate dehydrogenase
kinase isozyme 1 axis[J]. Hepatology, 2021, 73(2): 644-660. doi:
10.1002/hep.31280.

[34] Hsu HT, Sung MT, Lee CC, et al. Peroxisome proliferator-activated
receptor y expression is inversely associated with macroscopic
vascular invasion in human hepatocellular carcinoma[J]. Int J Mol
Sci, 2016, 17(8):1226. doi: 10.3390/ijms17081226.

[35] Lefere S, Puengel T, Hundertmark J, et al. Differential effects of
selective- and pan-PPAR agonists on experimental steatohepatitis
and hepatic macrophages [J]. J Hepatol, 2020, 73(4):757-770. doi:

10.1016/j.jhep.2020.04.025.
(A% RiE)

A5 RS TRTE, BATE, A i, 45 . WRARIEILAS 12 3 1 4N o
LA ST 20 ek K2 I PR L[]+ i AR 2, 2023, 32(7):
1061-1070. doi: 10.7659/j.issn.1005-6947.2023.07.011

Cite this article as: Zhang S, Hu K, Zhu ZW, et al. Expression of
phosphatidylinositol transfer protein cytoplasmic 1 in hepatocellular
carcinoma and its clinical significance[J]. Chin J Gen Surg, 2023, 32

(7):1061-1070. doi: 10.7659/j.issn.1005-6947.2023.07.011

http://www.zpwz.net


http://dx.doi.org/10.7150/thno.28219
http://dx.doi.org/10.21037/atm.2020.02.37
http://dx.doi.org/10.7717/peerj.12314
http://dx.doi.org/10.1053/j.gastro.2018.07.010
http://dx.doi.org/10.1053/j.gastro.2018.07.010
http://dx.doi.org/10.21037/jgo-21-819
http://dx.doi.org/10.1053/j.gastro.2019.05.001
http://dx.doi.org/10.1093/nar/gky1131
http://dx.doi.org/10.1093/nar/gky1131
http://dx.doi.org/10.1016/j.neo.2017.05.002
http://dx.doi.org/10.1016/j.neo.2017.05.002
http://dx.doi.org/10.3389/fonc.2021.713017
http://dx.doi.org/10.1371/journal.pone.0237514
http://dx.doi.org/10.1371/journal.pone.0237514
http://dx.doi.org/10.18632/oncotarget.5414
http://dx.doi.org/10.1007/s12032-021-01603-w
http://dx.doi.org/10.1007/s12032-021-01603-w
http://dx.doi.org/10.1016/j.redox.2022.102366
http://dx.doi.org/10.1016/j.dld.2019.10.008
http://dx.doi.org/10.1084/jem.20201606
http://dx.doi.org/10.1038/s41556-022-01061-0
http://dx.doi.org/10.1038/s41556-022-01061-0
http://dx.doi.org/10.1016/j.jhep.2022.11.017
http://dx.doi.org/10.1016/j.jhep.2022.11.017
http://dx.doi.org/10.3390/cancers12061419
http://dx.doi.org/10.1016/j.jhepr.2022.100479
http://dx.doi.org/10.1002/hep.31391
http://dx.doi.org/10.1111/cpr.12772
http://dx.doi.org/10.1002/cam4.3353
http://dx.doi.org/10.1002/hep.31280
http://dx.doi.org/10.1002/hep.31280
http://dx.doi.org/10.3390/ijms17081226
http://dx.doi.org/10.1016/j.jhep.2020.04.025
http://dx.doi.org/10.1016/j.jhep.2020.04.025
https://dx.doi.org/10.7659/j.issn.1005-6947.2023.07.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2023.07.011

	1     资料（材料）与方法
	1.1 HCC队列建立与随访
	1.2 细胞系
	1.3 免疫组化
	1.4 细胞培养和慢病毒RNA干扰质粒转染
	1.5 平板克隆形成实验检测细胞集落形成能力
	1.6 MHCC97细胞裸鼠皮下种植成瘤实验
	1.7 油红O染色
	1.8 数据库分析
	1.9 统计学处理

	2     结　果
	2.1 PITPNC1蛋白表达与HCC患者临床病理特征及预后的关系
	2.2 HCC患者预后影响因素分析
	2.3 PITPNC1表达敲减对HCC细胞生长的影响
	2.4 PITPNC1表达调控相关信号通路及功能的预测分析

	3     讨　论

