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High Expression of PGAM1 Correlates with Poor Prognosis in Patients
with Pancreatic Neuroendocrine Tumors Underwent Curative Surgical
Resection
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Medical Sciences , Guangzhou 510080, China ; 2. School Hospital , South China Normal University ,
Guangzhou 510630, China)

Abstract: Objective To identify overexpression of PGAMI1 in patients with pancreatic neuroendocrine tumors
(PNET) and evaluate its association with clinicopathological features and prognosis. Methods  PGAMI
immunoreactivity in tumor tissues was determined by immunohistochemistry from 71 patients with PNET. The mRNA and
protein levels were analyzed in cancer specimens and their corresponding para-tumor normal tissues (n=24) hy qRT-PCR
and Western blot, respectively. PNET patients were separated into two groups based on the immunostaining levels of
PGAMI. Associations between PGAM1 levels and clinicopathological data, including patient survival, were investigated.
Results Both qRT-PCR and Western blot assays showed that PGAM1 expression was increased in PNET tissues
compared with normal pancreas tissues. Immunohistochemical staining of 71 cases of PNET specimens suggested that

PGAMI1 protein was mainly localized in the cytoplasm, and increased expression of PGAM1 was correlated with larger
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tumor size (1=3.65, P=0.025). Kaplan-Meier survival curves indicated that patients with high expression of PGAM1 had a

shorter overall survival (P=0.019) and poorer disease-free survival (P=0.049). Conclusions Our results suggested that

PGAMI may serve as a potential prognostic biomarker for PNET patients.

Key words:

MR Mg N 4 W B R (pancreatic
neuroendocrine tumors , PNET ) 25 J5 T+ 5 IR f4 28 N
O3 00620 LB G o AR PNET WA A J2 — Rl ke
LB , (HAE T 25 A9 20 4F 7 PNET Y & W %
— EHAEPLE B K . PNET (& B 5 5 g B 98 1) 19~
3% , 52 T AT B W P 2 N 43 WA b R v 5 AR A A R
IR HAR PNET 5 At B I b 28 9 53 0 i ge
HAT L[ 0 B s 45 A5 B PNET 6 W12 47 0 4
TR R AL I AR s A B %o 5 B8 94 97 B S I 5
O5 A AR 22 22 52140 MO T 1 K 18 % s
AT H AN PNET 43795 B4 A LA A 2 DA
X H AT BAER I ARG YT o BT PNET 19 5 Btk
LA Wy RN R AT R X LATUI . BE A, AR — s
#1259 © 90 TR T PNET, Ik 4k 55 =] FéT e
BJE AR B AR T i R e o

HHT A A %) B A QIR AR 1 — M RRAE , 2
e T 1 A — A SR R R . Warburg 800 245 B
Je A B AT A B A AR e IS, B R
FEIE SR B I DAl — A, 2 iR A e v fe B
FEAE AR AR AR L 2 — 7 B IR H R 28
5 it 1 (phosphoglycerate mutase 1, PGAM1) J& — Ffi
PRI, 705 1 A I B0 AL 3- Bl R H IR e 1k
2R H YR , T HE S B AR ' PGAMIL 2 Pp i
W I i R AR W G I DG B . PGAMIL 7E FL IR
SR g A R PR R e v g % B
ik, XM EIX LTHEHE S50 FMA L,
PGAM1 7E PNET H (1) B A= 9 27 R ot R A o
TEARBFGE , ATV T 71 B2 2R G 1 F AR
VIBR 19 PNET £ 5 I 9 20 21 b PGAMI 19 32 34 K
o B PGAML 5 I IR i 38 RF AR K TR Y
1 A &

1.1 BEMIRA

A 5T P 2000 4F 1 H £ 20164F7 A 7] %<
BN R BB AZ R TEF AR VIR 71 41 PNET &
R A IR AL S AR N R S I LS, TR
VB3R 10 A 42 32 8 il B AR ST T B At e b 978 4l
BAIF RS . FARPIRBUMIE AL, R4 E

pancreatic neuroendocrine tumors (PNET ) ; phosphoglycerate mutase 1 (PGAM1) ; prognosis

JEREIE A 2 23 (AJCC) 56 L R W R i A T
A2 221 2010 45l 28 PN 43 WA i 983 43 2 ZR e Xt g 1)
S3 WA SR IE SR T VP4, o A T RABE B AR
PRZE oAb, P R 2 B s W
1.2 SREHLANKFE

W FARVIGR PNET bR B8 2R Dbk 2 I A
AL B 4 THOK IE Y B, SR AR Ty s i A T
0, TR B, VR 7E R AR rp B | o 2 2 5
KA ARG 0.3%3d A A A b 38, R S Bt
5o VIR HE 12% 09 1L = 13 T BEIET, S8 )5 76 4C
T H PGAM1 B ik (Sigma, 2 Fe B iiA, 1:100) %
B, AEREIRELZE vh LK b sE o vk YT R H
TH O A B iDL SE PR e h . R
13,3 “E IR B . PNETHRAH PGAMI
(128 7K1 R PR A 38 b S AN A1 TS i &40 A
Je@n i (0,1.2.3) FgL @40 43 e (0 ~ 100% )
TEREHLE I 10 4> S DR %) v A7 9F4) . Jl
STt B YL AR B AR, R Y i
PEH A4 (immunohistochemistry , IHC) 43, 15 2|
FEAARA Fe &1 543 (X [H] 2R 0~300 43) , inFk A2
HIFORESE Bk o DAITA 9 61 THC 1540 i v 4K
VER WA , W T A B 7 IR PGAM L IR 4 Al
PGAM1 3k4H .
1.3 B RNARE 5 LB % ¥ & £ PCR (qRT-

PCR)

K Trizol i3 (Takara, H AS) M 24 4] 52 35 11
T 6T i 96 2 2R 9 5% Al g A1 SUbR AR b 4 BRUE
RNA, A RNA fifi ] PrimeScript RT &7 & (Takara,
H 2 ) 47 B e s A 2 S PCR 78 SYBR Premix
Ex Taq Il (Takara, H 4 ) T#:4E. LI GAPDH 4
P&, K0 PGAMI mRNA K%, 51 75 40T«
PGAMI IE [1] : 5’ - gtgcagaagagegatceeg-3' , PGAMI J
] :5-CGGTTAGACCCCCATAGTGC-3 ' ; GAPDH 1E
] : 5'- gtcggaggcaacatc-3', GAPDH JZ [7] : 5'-GTCC
AAATGCGGGAACAG-3' o R 24k B X)
PGAM 1 7E Mg L SURIEE S5 21 RNA I FRIEKF-
1.4 Fit=EHH

FIF A5 KO8 1 5% FH SPSS 17.0 483 5144 fu gk 47
AEFR Sy R TRD I PR BRARFAIE , 43 28748 £k

0000 http:/www.jebm.cn



SR, A | JPAR A 22 N 20 R AR S U5 AN RS PGAMI 35 7K - B AR SE 5T 355

ROTKL I Fisher B DI AR, e 278 1R H o 46
%o PLPGAMI THC PPy P AL BUE 23 2, AR
T# # (overall survival, OS) f1 TG #t & 4 fF X
(progression -free survival, PFS) 5% # JC i 4 17 R
(disease-free survival, DFS) 1§ Kaplan-Meier i £,
K H log-rank 5 56 8 /E G2 7127 75 Lo 2R UM A6z
%, P<0.05 A ZRA G AT L.

2 # X

2.1 PGAM1 7£ PNET #R A B R %

BATHE e k4T qRT-PCR A1) PNET 20 21 Fl i
X8 55 IE W 440 (n=24 , B &£ 8 R 20) H PGAMI
i) mRNA 3k . 453 578 PNET 41 21 PGAMI
mRNA 23K 1 & TH 8 (P=0.017) , VL& 1 (7 it 983 26
Zlrp A 4B Y 1 AL 2L, Bl R o 24
K —1E R GAPDH, /R H-AACT) . #5 FoRFK
138 1 THC B A8 T 71 4~ PNET 41409 PGAMI 2K
FIAIRIBTE L . PCGAMI Fa i Yo € PH M A A e 1 &

erAREs, TN \
o ETE Ly AR
Ve CR TSI |
" o\
b \
W, "

LAl A
T

2

- =y
r
X

20
3

LYV )
ooa
’n

L
B ﬁ.;ﬂ,;‘v‘}\i-,
A: PGAM1 553535 ; B: PGAMI ik ; C: PGAMI 53555

S el e

G Yl

BaniE 2 s AL e 40 M 55 L iR R A
PGAM1 BHM: G 32 Y 0 R, PGAML 32 22 5 v T 41
Mo, SR 16 4 (22.5% ) 4 B 2 ik (PE4r=
0),26 1511 (36.6% ) Jih 2 21t Jfd 552 5/ 162 4 P A e £ e ok
80% , 5 1911 (7.0% ) 43 >4 300 43 (100% fit I3 41 ity 52
SRYLAE) . Fe T, SR 160 43 1 A BOK BT A R
43 PGAMI ik 2235 4H (n=36) Fl PGAM1 = F ik 41
(n=35),

P=0.017

Mg SR g g 2
PGAMI1 357K F- FefE

-2

4

E1 ¢RT-PCR #2433 PNET 42 22 8 PGAM1 mRNA
RiEKF

B2 PNETAHLHEFKERMENPGAMI RE AL RIEZE K

2.2 PGAM1 REARNFERIEKESIGKRFIE
SHHXR

R T 5T PGAM1 3R3IATE PNET Il R 2 X,
AT T PGAM 1 2R3k 7K - 55 R 7 A8 5 I PR o 2
FRIER R . W 1778, PGAMI £ PNET H [ 3%
55 R K/ (1=3.65, P=0.025) . PGAM1 263K
TR A PR BRFIE TOAH S -
2.3 PNET£&PGAM1 RiZ/KEEFFEHXER

FRAE THC IE 3 i 7 F0Hs - A 43 AP o log-
rank 15 56 19 Kaplan-Meier ek B~ TErf g,
JHEE AR AT PGAM AR 35 1) £ A BT 1 I PR 25 R
(0S¥ P=0.019, DFS ) P=0.049) , lLI&I 3, T G1
(53900 F G2 (h 4 g 3 i RS A LE G3 (R 7
) BAE E IR AT, FATHE— 2L 0 T PCGAMI
FIRAKFAEGL A G2 /FH I F5 {1 . Kaplan-

Meier fh 28 7%, 76 G1 F11 G2 PNET 3 H , PGAMI
A 4L A Y 0S (P=0.006, log-rank A5 56 ) Al
DFS (P=0.014, log-rank % ) B i 522 , WLEI 4, 3X
SRR PCAM 1 235 7K 1T e 2 Tl PNET 535
Tilfs o) — A Fabn, JUHUE G1 I G2 i .

3 i #

PNET 1) & 555 o 2 — B fE R B A (H
PNET #9 #F & A1 1 J5 1 AN 75 2, 38 U175 228 PNET
2 W TS FRIT S 208 4 R EAR
FgE H, FATI 23] PGAMI 3 3k 5 PNET AN R
5 2 (B A7 AR AR 5 1 AH JC % , 3278 PGAMI 1] R i
A PNET 3 0 5 A 40

ot 240 L P WA QA 5 0 22 1 R 40 TR B A RS
I, B I 5 A0 R B KR, S AR BB A B A

0000 http:/www.jebm.cn



356 PEUERE

2019 445 19545 6 11

F1 PGAMI FREKTESIGKREF SBIHEKXMHE

PGAMI1 F23i57KF
=} 7\ P
i & (n=36) = (n=35) H

B IE AT AR 10 e M R o IR AR Y
S ik AT 200 RE A8 19 2 A1 TR B e M A P 5 114
W) AR T K . PGAM FERE A o i —

AFHE % 47.8+18.1 42.5+16.7 0.204 AP AT . PGAMI 3353k © 78 £2 R fith 983 40 ifd
o o O L R XE A 0 R T Y %
4 18 ” Rt Bl i —IF 5T & B, PGAM 78 P 8 b
Fit3RE /I Jem 3019  3.6+2.3 0.025 T i AN SIS ) 2 e v k35 5 A R T B 2L A
e oy g 0.893 FH=, Hitosugi % W5 R W1, #1H PGAM1 7E 9 2
Ao 16 15 2 A A S R e 8 0 B ) B
e 000 M AR, T EL G RR
S/ Hi 19 s WS PRI, PGAM S W it F AR ) Ui 42
PRA () R #E 17 20 SREUPS 0 et LY
i IgE S AL R 0.662 AT & B PGAMI 1Y K 357K F 5 PNET 1 &
%&‘/ﬁf“ﬁ 33 341 HE ARG S SR A AE T I AE G . R TR
o ’ ues AOVHO)HE PNET 54 =26 E40 2(G1) o4}
< 2 17 H(C2) M3 (G3) . RZEUPNET H G1 45
3~20 12 14 G2 9, XS 5 2H 25 B 2= R fE 7000 G1 . G2 PNET
>20 2 4 BB Y TS B TR RE AT A TR A AR 5
A 5 2R (104 R 1 88 0937 LM T PGAMI 7E G1/G2 B th IMERT , ke M
a0 S H3K PCAMI (4 G1/G2 1B % TR § 2% . % — % 9L
>20 4 4 AIREA B TR B G1/G2 J 35 1 i fE AR, 4 0l 2
G434 0.815  ARLEELAT FEARUIG PRI B RRAE 1) R
Gl 17 14 AW FEAFAE—E W R BRYE . B2, X R —I0
gz 154 156 ] o e Y . R, AP R AR EA K, W N
PNET & —F %= UL (% o8, ARMEAE — A rfuc 345 —
100 1 A 100 1 B
s 601 S 60 A
Z 404 —— PGAMI m#ik % 40 { —— PGAMI ik
20 —= PGAM1 {31k 20 - == PGAMI &3k
P=0.019 P=0.049
’ 0 5l0 160 15IO 2(I)O ’ 0 5I0 IE)O ISIO 2(l)0
A ]/ ]/
3 REHPGAMI ik 7k F £3E A9 OS #1 DFS i) Kaplan-Meier # £
100 T B s i . A LA e , B
80 1 \_“_“1_‘_‘1—_ 80 1 H_\“L_‘_“_'
s 601 § 60 4
Z 404 —— PGAMI m#£ik § 404 = PGAMI &Kk
20 - == PGAMI1{kFiA 20 == PGAMI1 L&k
P=0.006 P=0.014
0 T T T 1 0 T T T 1
0 50 100 150 200 0 50 100 150 200

il H

il H

B4 F[EPGAMI XKiEKTF GI/G2 £EH OS F1 DFS #J Kaplan-Meier # 2%

0000 http:/www.jebm.cn



SR, A | JPAR A 22 N 20 R AR S U5 AN RS PGAMI 35 7K - B AR SE 5T 357

KBTS o AT 5T B A 28 3E LA 3] Cox [0
SIFTIOARE AL . B =, WORE R I T B R
W 175 0 -t AN A R B — R ER AT T A ]
AORR AL o b3 BRI X T B rhC SR Ul R HE L 58
iy o 2t —2 B RTHEE 2 oo Ao 1AL A BT
S ERY

4 %

AT UK PGAM 1 63k /KA A PNET (3%
TS 8 PR #E AT VAL, 45 SRR PCAMI £k /K5
PNET &35 Tl 5 % UIAH G , T5 2t —20 o ok [ B
HAyFHLE

(2 % X #f)

[1] FISCHER L, KLEEFF J, ESPOSITO I, et al. Clinical
outcome and long - term survival in 118 consecutive patients
with neuroendocrine tumours of the pancreas [J]. Br J Surg,
2008, 95(5) : 627-635.

[2]  YOUNG K, IYER R, MORGANSTEIN D, et al. Pancreatic
neuroendocrine tumors: A review[J]. Future Oncol, 2015, 11
(5): 853-864.

[3] CORIAT R,

Gastroenteropancreatic ~ well -

WALTER T, TERRIS B, et al

differentiated ~ grade 3
neuroendocrine tumors: Review and position statement []].
Oncologist, 2016,21(10):1191-1199.

[4]  RINDI G, BORDI C. Endocrine tumours of the gastrointestinal
tract: Aetiology, molecular pathogenesis and genetics [J].
Best Pract Res Clin Gastroenterol , 2005,19(4) : 519-534.

[5] RINDI G, WIEDENMANN B. Neuroendocrine neoplasms of
the gut and pancreas: New insights[J]. Nat Rev Endocrinol ,
2011, 8(1):54-64.

[6] HANAHAN D, WEINBERG R A. Hallmarks of cancer: The
next generation[J |. Cell, 2011, 144(5): 646—674.

[7]  LIBERTI M V, LOCASALE J W. The Warburg effect: How
does it benefit cancer cells? [J]. Trends Biochem Sci, 2016,
41(3): 211-218.

[8]  WARD P S, THOMPSON C B. Metabolic reprogramming: A
cancer hallmark even Warburg did not anticipate [J]. Cancer
Cell, 2012,21(3): 297-308.

[9]  VANDER HEIDEN M G, LOCASALE J W, SWANSON K D,
et al. Evidence for an alternative glycolytic pathway in rapidly
proliferating cells [J]. Science, 2010, 329 (5998) : 1492—
1499.

[10] CHENS, CAIJ, ZHANG W, et al. Proteomic identification of
differentially expressed proteins associated with the multiple
drug resistance in methotrexate - resistant human breast cancer
cells|J]. IntJ Oncol, 2014,45(1) : 448-458.

[11] SUNQ, LIS, WANG Y, et al. Phosphoglyceric acid mutase-1

contributes to oncogenic mTOR - mediated tumor growth and

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

confers non-small cell lung cancer patients with poor prognosis
[J]. Cell Death Differ, 2018, 25(6): 1160-1173.

REN F, WU H, LEI Y, et al. Quantitative proteomics
identification of phosphoglycerate mutase 1 as a novel
therapeutic target in hepatocellular carcinoma [J]. Mol Cancer,
2010, 9: 81.

LI C, SHU F, LEI B, et al. Expression of PGAM1 in renal
clear cell carcinoma and its clinical significance[J]. Int J Clin
Exp Pathol, 2015, 8(8): 9410-9415.

LI D, ZHOU Y, LIU Y, et al. Decreased expression of LKBI
predicts poor prognosis in pancreatic neuroendocrine tumor
patients undergoing curative resection[J]. Onco Targets Ther,
2018, 11: 1259-1265.

VIUDEZ A, de JESUS-ACOSTA A, CARVALHO F L, et al.
Pancreatic  neuroendocrine  tumors: Challenges in an
underestimated disease [J]. Crit Rev Oncol Hematol, 2016,
101 : 193-206.

HAY N. Reprogramming glucose metabolism in cancer: Can it
be exploited for cancer therapy? [J]. Nat Rev Cancer, 2016,
16(10) : 635-649.

JIANG X, SUN Q, LI H, et al. The role of phosphoglycerate
mutase 1 in tumor aerobic glycolysis and its potential
therapeutic implications [J]. Int J Cancer, 2014, 135(9) :
1991-1996.

PENG X C, GONG F M, CHEN Y, et al. Proteomics
identification of PGAM1 as a potential therapeutic target for
urothelial bladder cancer[J]. J Proteomics, 2016,132: 85-92.
ZHANG D, WU H, ZHANG X, et al. Phosphoglycerate
mutase | predicts the poor prognosis of oral squamous cell
carcinoma and is associated with cell migration[]J]. J Cancer,
2017, 8(11): 1943-1951.

WEN Y A, ZHOU B W, LV D J, et al. Phosphoglycerate
mutase 1 knockdown inhibits prostate cancer cell growth,
migration, and invasion [J]. Asian J Androl, 2018, 20(2) :
178-183.

CHANETON B, GOTTLIEB E. PGAMgnam style: A glycolytic
switch controls biosynthesis [J]. Cancer Cell, 2012, 22(5) :
565-566.

HITOSUGI T, ZHOU L, ELF S, et al. Phosphoglycerate
mutase 1 coordinates glycolysis and biosynthesis to promote
tumor growth[J]. Cancer Cell, 2012, 22(5): 585-600.
LANDONI L, MARCHEGIANI G, POLLINI T, et al. The
evolution of surgical strategies for pancreatic neuroendocrine
tumors (Pan-NENs) : Time-trend and outcome analysis from
587 consecutive resections at a high - volume institution [J ].
Ann Surg, 2019, 269(4) : 725-732.

SUGIMOTO M, TAKAGI T, SUZUKI R, et al. Pancreatic
neuroendocrine tumor grade 1 patients followed up without
surgery: Case series [J]. World J Clin Oncol, 2017, 8(3) :
293-299.

[KFmBEEA] 2019-09-03

0000 http:/www.jebm.cn





