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Clinical value of plasma exosomal VPS37C combined with serum carbohydrate antigen 125 and alkaline
phosphatase in diagnosis of metastatic colorectal cancer
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[ Abstract | Objective To evaluate the clinical significance of plasma exosomal vacuolar protein sorting-associated
protein 37C (VPS37C) combined with serum tumor markers carbohydrate antigen 125 (CA125) and alkaline phosphatase
(ALP) in distinguishing patients with metastatic colorectal cancer (mCRC) or non-metastatic colorectal cancer (nmCRC).
Methods A total of 85 patients who were diagnosed with colorectal cancer through pathology and imaging in Shuguang
Hospital, Shanghai University of Traditional Chinese Medicine from Dec. 2020 to Sep. 2022 were selected, including
46 patients with nmCRC and 39 with mCRC. Another 17 volunteers who underwent physical examination in Shuguang
Hospital, Shanghai University of Traditional Chinese Medicine during the same period were selected as healthy controls.
The exosomes isolated from circulating plasma were identified by transmission electron microscopy and Western blotting.
The levels of plasma exosomal VPS37C, serum CA125 and ALP were detected, and the clinical diagnostic efficacies of these
3 indicators alone or in combination for mCRC were analyzed using receiver operating characteristic curves. Results The
levels of plasma exosomal VPS37C, serum CA125 and ALP were increased in the mCRC patients (P<<0.05, P<<0.01).
The expression of the 3 indicators in colorectal cancer TNM stage IV patients was higher than that in TNM stage 0- Il
patients (P<<0.05, P<<0.01). The diagnostic efficacy of the combination of the 2 or 3 indicators for mCRC was higher
than that of any single indicator. The combination of the 3 indicators had the best diagnostic efficacy, with a specificity of
90.91%, an accuracy of 78.69%, and an area under curve of 0.813 9 (95% confidence interval 0.697 0-0.930 7, P<<0.000 1).
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Conclusion Circulating plasma exosomal VPS37C may be a valuable diagnostic marker for mCRC, and its combination

with serum CA125 and ALP has better clinical diagnostic value.

[ Key words | exosome; vacuolar protein sorting-associated protein 37C; carbohydrate antigen 125; alkaline

phosphatase; colorectal neoplasms; diagnostic markers
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FRF L R T L BN R L R
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RS, B SAEAFRIRT 20% . Wik, T4k
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H A PR b 32 238 ) 5% 1R 2% K A 1 MRI,
CT. PET-CT 4%, LK FHAOOG I8 bn 25 4 i
JA 4 J5L ( carcinoembryonic antigen, CEA ) . 2
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(Y 15 A e L AR BIF ST LA CRC B N BF 5T

XFG, GG E B RO B E, PEAR 3% A1 i
A B8 11 W AR 1 43 3% 2R 11 37C (vacuolar protein
sorting-associated protein 37C, VPS37C) KA LG
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HEE T A G R A
1.2 BrRF & REFHBERERERER
JPRTAY IMLVRREAS 5 mL, 8504055 % / T, SR
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( transmission electron microscopy, TEM ) 1 & |
B 5B 9 43 B L 48 A0 W A A S A 2 B
Jei By 18 & A 101 (tumor susceptibility gene 101,
TSG101; Y&[E Abcam A F], 57%5 ab125011) FlfE
P MAE T 6 A EAE A& ( programmed
cell death protein 6 interacting protein, PDCD6IP,
MFK ALIX; [ Abcam 22 A], %% ab275377) (1)
FEIRUEINIMA, RIRAFIE—80 C& .

fifi Fl Mibio® A VPS37C ELISA i & ( [
IR A IR BR 2 W), 575 ML812900-2 ) 46
LSS VPS3TC YR i, fiff FH 55 [ HE £ 12000 Y
2 A S A2 E RO E CA125 K, (i HISE
Iﬂ Beckman Coulter 23 A (1) LH780 %Y Il % 53 #r 1%

Frif i A & . TEH S HEAE: VPS37CH
0.156~10 ng/mL, CA125 4 0.00~35 U/mL, ALP
M 50~135 U/L.
1.3 it asks i H SPSS 26.0 kAT 481t
%5081, i F Microsoft Excel 2016 ¥4 iE 17 5%
115, N H GraphPad Prism 9.3.1.471 % 4 2 il £
PR X3 & 7E K F Kolmogorov-Smirnov £ % i
ITIESYER LS, ARG IEASS A0, W17

Health nmCRC

XTI e PR T IE AR S, A& IES A
H 255, Bdallxts For, PR ik Az
FEAS e K B0, 22 [R) LRk 5 22938, 7 26450 W
J&i P EE %8 2R FH Tukey-Kramer 75 41 %% 30 J5 19 5
PTG IES BT 224855, RHHES ST
Ko THECFOR AV ECRTE 38R, dHiR] L RCR
2 K. i 2o H BT A2 W R U |
VRS MERREE . BHYEFUNME (positive predictive
value, PPV) . BH ¥ 10 I {5 ( negative predictive
value, NPV ) Kl ROC My AUC, Jfil
it MedCale %1 4>k H] DeLong £ 4 %} ROC iy £& i
TECE . AR THRBRAY VPS37C He B 43 #r B 44 25 (H
e Kge/KHE (a) 24 0.05,

2 &% B

2.1 shabtkeg s R H CRC A AR & A 1L
WAIMBYI E AR ] 40~150 nm, FZEFRIRAGNE TN
JEREZERY (B 1A) o BEAEIARIZE R (& 1B)
R, R & CRC BB A M AN AT Fe ik
ALIX il TSG101 3X 2 FMNBMAFH AR EE A

mCRC

<
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Fig1 Identification of plasma exosomes
A: TEM images showed typical exosomes with bowl-shaped microvesicles (49 000 X); B: Western blotting showed that plasma
exosomes were positive for the 2 exosomal markers, ALIX and TSG101. TEM: Transmission electron microscopy; Health: Healthy
volunteer; nmCRC: Non-metastatic colorectal cancer; mCRC: Metastatic colorectal cancer; ALIX: Programmed cell death protein 6

interacting protein; TSG101: Tumor susceptibility gene 101.
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%, 5 TNM 430 VIR . 3 A9 xs Sy Pk
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23 R SPILIR VPS3TC KA K P ik LR

e 5, mCRC A I3 Ah Wb 1A VPS37C 1 3 ik
K (2.00+£0.43) ng/mL, 1 T nmCRC # #
[ (1.81£0.28) ng/mL | FIfd R & B # [ (1.74%
0.21) ng/mL] , ZR¥AGIFE L (P#<0.05,
K 2A) ;5 nmCRC B MK AMNMA VPS37C Fikk
SRR IR L S g L (P>0.05 ),
2.4 nmCRC ##mCRC ,%%HW@%,U% & mCRC
ZHH 1N CA125 . ALP k7K F-215 T nmCRC 4,
EZRWAGIEE L (PH#<0.01, K 2B, 2C) .
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Fig2 Comparison of expression levels of plasma exosomal VPS37C and serum tumor markers CA125 and ALP
between nmCRC and mCRC patients
A: VPS37C; B: CA125; C: ALP. nmCRC: Non-metastatic colorectal cancer; mCRC: Metastatic colorectal cancer; VPS37C: Vacuolar
protein sorting-associated protein 37C; CA125: Carbohydrate antigen 125; ALP: Alkaline phosphatase. ‘P<<0.05, "P<<0.01. x=s.
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Fig3 Comparison of expression levels of plasma exosomal VPS37C and serum tumor markers CA125 and ALP

among CRC patients at different TNM stages

CRC: Colorectal cancer; VPS37C: Vacuolar protein sorting-associated protein 37C; CA125: Carbohydrate antigen 125; ALP: Alkaline

phosphatase. "P<<0.05, "P<<0.01. x+s.
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CA125 1Y 2 B FRE 5 2 AL T ALP #1 VPS37C.

W 1 FMUAMA VPS37C 5 HAll 2 8RS fi H,

a4 logistic [MIARIAY, FF X A58 1 47 28 B RE ALY
SEREAYHT, 45 R R VPS37C B4 CA125 B ALP
Ko 3 A F8 bR BE G K I mCRC i R 8L, 4 7
FHER BE BRI i TR IR R P n A e g,
o3 AR ARIR G RS ARSI 25 SR B iR, RBUE R

64.29%, 5
1.

2.7 VPS37C. CA125. ALP 3 7 % B & # 0l
mCRC # ROC W5 & 447 HIKG I mCRC [ ROC
i 26 43 B 25 S W, Il 2R AR VPS37C, I
CAI125. IiLi% ALP Y AUC 43 % K 0.618 2 (95% CI
0.496 1~0.740 3, P=0.0415) , 0.6618 (95% CI
0.519 3~0.804 3, P=0.0305) #10.671 6 (95% CI
0.551 2~0.792 0, P=0.007 0) . ¥ IfiL 3¢ &b Wb 14
VPS37C S1fii CA125 Fl ALP BeAfdifH, M —oc

JE°h 90.91%, HERHE R 78.69%. UL
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logistic [MIHBIAY, I 455 AUAS I 5 7 #4471 ROC HHh
&b, 45 R BN 3 M ERRECA I AUC 4 0.813 9

(95% CI0.697 0~0.930 7, P<<0.000 1) ,
PATHFERRI AUC (P39<0.05) . LA 4.

T4

F 1 MEIMHE VPS37C Fnln 5B REY CA125. ALP BTUEEA N mCRC 5 RISH & L 55

Tab 1

Clinical diagnostic value of single and combined detection of plasma exosomal VPS37C and serum tumor

markers CA125 and ALP in mCRC patients

(%)

Index Sensitivity Specificity Accuracy NPV PPV
VPS37C 43.59 76.09 61.18 61.40 60.71
CA125 50.00 84.85 68.85 66.67 73.68
ALP 44.74 82.61 65.48 64.41 68.00
VPS37C+CA125 57.14 81.82 70.49 69.23 72.73
VPS37C+ALP 50.00 89.13 71.43 68.33 79.17
VPS37C+CA125+ALP 64.29 90.91 78.69 75.00 85.71

VPS37C: Vacuolar protein sorting-associated protein 37C; CA125: Carbohydrate antigen 125; ALP: Alkaline phosphatase;

mCRC: Metastatic colorectal cancer; NPV: Negative predictive value; PPV: Positive predictive value.

0.8}
=
= 0.6
@ VPS37C
(=] H
304 — CA125
— ALP

= VPS37C+CAI125+ALP

0:2 0:4 016 018 1:0
1 —specificity
B4 mdi3RshE VPS37C L iEREIR S CA125.
ALP BT R B &#NIZ# mCRC #J ROC #Z& 54
Fig4 ROC curves of plasma exosomal VPS37C and
serum tumor markers CA125 and ALP for single and
combined detection of mCRC
VPS37C: Vacuolar protein sorting-associated protein 37C;
CA125: Carbohydrate antigen 125; ALP: Alkaline phosphatase;
mCRC: Metastatic colorectal cancer; ROC: Receiver operating

characteristic.
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% JE R PR IR VTR R B mCRC BB, RETH &
[ CA125 7K 5 B 00 A A7 - A Y L e Fi
ISR B T, 5 CEA Ml EL, CA125 AR
FESEBE AT AUC, (HRBUERAR, 7£1X 5 CEA 14
CRC & A% B % 07 TR BUE 4 . 2T T
CA125 5 HAbAREYIC S W H LA =2 k. Li
45 50K CA125 b T (C-X-CHF) itk 7
[ chemokine ( C-X-C motif) ligand 7, CXCL7] .

CEA. CA19-9 BLA N H, KIISWRCRIH BT,
BT AR S YRR . Xie %Y 8 CA125 5
CEA. CA199. N6- HEHRITEC G W FHIEA CRC 12
WibREY), AUC T3k 0.946, =5 T4 brasd ok
N AT R B CA125 7EIX 4 mCRC 5 nmCRC
D5 BA BRI R, SRR P A R,
CA125 54MNBMA VPS37C, 1Ll ALP B0, 15
B T A TS bR aE Pl B = i AUC, RA
JFEFVRE S BE

ALP 75 NARRFAE . B85, . BAGESAH
BUR T AR, L RFNE R MRS, Z IS
& B ALP 5 CRC %5 B R 1l e % VI AH G, — T 4F
X} 2 790 5] CRC & # B WF 52 % B, ALP. CEA flI
CAI125 J& CRC BHER BT fER N £ 2 — Tkt
XF 10 800 4% 52 F-ARiAY7HY CRC TNM T ~ IV I
R ] B A T e B, 5 R AT ALP K IE Y
CRC [ E M, ALPI/KFThm &1 S A BAAF
KR, $8 ALP A AE 2 CRC HIAR RS 7,
— T XF 239 5l mCRC B EFFJRAYIFSE /R, ALP
JEmCRC B BAEFRMBGHE, &—L)r
FRE TG R A A A T DR 2% T — IR 105 4]
CRC & # 1y [l Joi v 0F 5% @ 78, ALP KT 5
TNM S35, 74% [ P55 78 3 ALP K-
T, BIT—UOkie ALP KT B E B AR
(T REME I B KR 5.7 4528 . ARBIFGE R B,
M2 AN A VPS37C FIIMLYE CA125, ALP HAJlIX 43
nmCRC 5 mCRC i, ALP B AUC fx K (0.6716) ,
PR H A X 43 nmCRC 5 mCRC (4545 .

AWFFE &I, mCRC O 12K A& VPS37C
FALYE CA125. ALP K& F nmCRC B & (P<
0.05, P<<0.01) . 7E TNM 4% 175 T, Il 3¢ 4h W
A& VPS37C 7K F-7E CRC 11 # 5 IV 9 & # a1
75 CA125 /KSF-AE CRC A 5 IV 39 16 2 18] K 1fiL v
ALP /K F7E CRC 1 ~ HHH5 IV A & 5 o) 1Y 22 5+

WA 512 & X (P<0.05, P<0.01) , iXx 54
W R S AR L R R A7 /0 4l A 45 SR FE AR — 3, XX
3R S B R 2 WA RE BT 25 5 B,
3 A48 bR B i I iF AUC ¥k T 0.5 (VPS37C:
AUC=0.618 2; CA125: AUC=0.661 8; ALP:
AUC=0.6716) , $#&/RiX 3 MR EA —ER
ZWiRkhe; W3 AR, A2 Wik he B
N, SRR E] 90.91%, HERG R A F] 78.69%,
AUC BE R THM A (AUC=0.8139, P<
0.05) , n B2 WEE .

ARG A —E R R, B8, FRAMA
R A D, B R B2k A TRl — K B2 B,
FETEE R s Ok, AW W Aoy, [T
87 I3 AN AR VPS37C FIfL 7 CA125, ALP %}
nmCRC 5 mCRC X 5350 RE, b it—2IF Rl
AT 5 LRI 5T DU DL B35 FR7E CRC S I
PRIGIT B 5 g E FHABILSL s e, ABFGEEXT
HMIMA VPS3TC VERIZ Wit i W) IR A0 Bk, A8
1 I RAFF 5T 0 E 3 T ANIMA VPS37C BEA 458454
AL W R 2 WrthE, 4 R RRE Y R R
FEA T — A B UEASR 2 WAL RE

B, AT T nmCRC 5 mCRC i
H IR ANA VPS37C 51l CA125. ALP K,
KIIX 3 M H5hR 5 CRCH B Z MR, W T
3N EPRIBCA A2 W, X T mCRC 1
HHNZ W AT — 2 G IR

[Z % X #k]
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