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weighted imaging, the T/M at 2 h in the experimental group was 135.20% +0.06% of O h, the T/M at 2 h in the
Gd-DTPA group was 115.70% +0.05% of O h and the T/M at 2 h in the saline group was 113.5% +0.02% of 0
h. Compared with Gd-DTPA control group, the experimental group had significantly enhanced T1-weighted MR
contrast, and the difference was statistically significant (P <0.01). In tumor T2-weighted imaging, the T/M quan-
titative analysis showed that the tumor T2-weighted contrast enhancement of the three groups was relatively small,
and the T/M of the experimental group and the control group at 0. 5 h was 94. 60 +0. 03% and 106. 30 +0. 04% of
the O h, respectively. In the normal saline group, T/M at 0.5 h was 102. 20 £0. 002% of that at O h, and no sig-
nificant enhancement of the T2-weighted MR contrast of tumor was observed. Conclusion Successfully construct a
FAP-responsive molecular probe which can self-assemble to form a Gd-nanoparticle structure in tumor cells under
the cleavage of FAP, effectively improving the enrichment of Gd in the target region, and enhancing T1-weighted
magnelic resonance imaging of pancreatic cancer, which has potential clinical application value.
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weighted magnetic resonance imaging

Fund program Health Research Project of Anhui Province (No. AHWJ2023A20105)

Corresponding author Jiang Jinhui, E-mail: jiangjinhui@ ahmu. edu. cn



M ERKFF® Acta Universitatis Medicinalis Anhui 2024 Dec;59(12)

- 2095 -

HCC W5 K& 5% Mo JEREHE I 35 B o
JE LRI 1 2 A R e — LS E A a5 5

M, HAr BRI Y 2 7 3 (tropomodulin 3, TMOD3)
JUT- 257 A5 0 2L 30 40 4 v S 5 3%, 47 AR
WFL S B e b A [ AR
W] TMOD3 7 ZL AR AE /)N 40 i i 9 55 22 b o 1
g s ARk AR HE R AR AR 2R S . RN KA
HCC (R85 h ] RE R HF B SR T . HAl, B 4
JC TMOD3 7. HCC Hr A G I, iZ 9T B 1R AR
TMOD3 5 HCC Bt A W) AR ik 1Y OC 3R S HON 52 %
HAn WS ) .

1 HRSH®

1.1 BEEZHMUREMSH AREA KT
(Human Protein Atlas, HPA) 22— F 2003 4E /)
T i H , B AEA 2 A BORZ H A0 A2 R
B A NS EE BT JR G, R A b Y BT A R
HEHE TP ORI o ZE 1% K 2 TMOD3 ]
ARIBURH I 1) 5 PR 25 48] LA B A 20 S A ZH 2 e 1) 7 L 1Y
CIERE® S CiT

1.2 ERERZERSH RAEFRBKFHSL
HA M 4 (Gene Expression Profiling Interactive
Analysis, GEPIA ) " ¥t 4ig 122 14 835 IR 40 4 e Sk 3
Fi B 3L R 20 [ 3531 %)) ( The Cancer Genome Atlas
TCGA) Hi TMOD3 1 HCC H4URIE 554141 Hh i ik
P KR . A GEPIA $idfs 273 Br - BE A5 1F h
“gene; TMOD3” | “ cancer type; HCC”, W] 3k 15
TMOD3 1t HCC A4 59 57 A b iy 3k 22 = 1%
Mo [RIETAIF ROHRA S 4.0.3) B “ ArrayExpress”
AL A1 GEOquery” £ T 2% BioStudies (& E-TABM-
36 FIFEN 5 28 & 804 % ( Gene Expression Omni-
bus, GEO) $(#i4E GSE144269 F GSE14520 Hp#E[K]
[ F IR B, I 4T TMOD3 75 HCC 42 5955 21
LU RIE 22 50T o

1.3 ZEHRMEEERAUREEST RNEH/E
FAH B AE R R 4% A 1T 280 %2 (Search Tool for
Retrieval of Interacting Genes/Proteins, STRING ) el
PEFE Protein by name” YEIH, ¥ TMOD3 T 425 il #h
W 55 AHE T, )7 ( Organisms ) 4% A (Homo sapi-
ens) , kiii Search fZ &AL 55 R al k45 15 TMOD3
WA EAE R RS R B 1T 10 AR BAE
ME A AT G 2 p) st AR AL 5 S 4 7 B2 45
(Kyoto Encyclopedia of Genes and Genomes, KEGG)
AR A R K 5 %08k ( Gene Ontology, GO) &

B0 Mr, 739 7E KEGG HUdiE 5 L) Iz Metascape £ 45
JET AT A

1.4 TCGA i HCC EEIa RFREBRFLERTE 5
# I\ TCGA il bR B HCC 35 h TMOD3 1y
mRNA FR7KP RS B UG A AR S S EUR
AWFoE I S B B T 423 f] HCC 41 UM A 1Y
TMOD3 FER 5 s 4144l . b 4E TMOD3 mRNA
FARE AR P B G e B b e
T 00 (AR IZ TN © AL T M3 10 S8 FIRRIG AR S
ML R EERE B ) R A R OO Bl 17 B 7] LA
KRS R PR LA TMOD3 57 mRNA [y 3%
IR AL 23 F A, 4O TMOD3 i k4 5
TMOD3 k354, LA 53 Afr TMOD3 mRNA 35K
V-5 HCC 8 s A FRARRAE R PG G AR

1.5 ETIRARERIEKFESERTE S
HCC RYZHZLE g A B AR IRA .
ZH 2R3 % %) ( tissue microarray, TMA) H 162 /> HCC
i IEE ZHL RN 19 M98 55 2H S AL R, A AL 2 Xz 1Y)
Il PR B A B4 . HCC 2H 008 1 110 S 3 2H Ak 4
AR P e Akt 7 & ( EnVision™ Flex + , CAT)
HEATHY o (AT Aperio 95X (£ : Aperio XT, Lei-
ca Microsystems Wetzlar ) X} 4035 2 Ak G4 6 347 P90 o
fdiFH CaseViewer 2. 4 F{F R I LU S 4H
E g D) Fr, 2R Image-Pro Puls ZRAFXS e (50R
PTG, IR A A B S B ( <5% 9 0
4136% ~25% H 1 53526% ~50% 2 43351% ~
T5% 13 515 >T5% g 4 41 ) R 58 5 (BN
0 73 55 PHPESN 1 05 tp SR B 2 J s s B 3
IR VFOT o RS HCR Y (031 3 Bl o LA G 40 5 R
38 RISy TMOD3 AR R4 (0 ~6 4)) FI
TMOD3 {5 3RIE2 (6 43LA 1) o 434 TMOD3 3Rk 7K
V-5 HCC J8F AR P00 e L 03 3 46 ek PR B
FRIE R TS G R o

1.6 it 4bIE SR JH SPSS Statisties 27 DL K R
BAF (A 4.0.3) PTG 2000 BT A TR
BHAECRFNE 73 R, F8 RS A i TR BORE
DISPYIME = bRl 25 208, ANPF6 B S0 1 T 5%
BHAF AL DY A3 B A ) R o IR IE S 7315
(T R P 4[] OB T o Kz, 22 21 (] L 55
KT 225501 o AIRMIEZS 340 1T GOk 2 55
P BTRER HTHE S B0R 5 ( Mann-Whitney 4555 A1 Wil-
coxon Ky ) o THECGERL Y PR 2H 8] b AR TR 7
Krga A Fisher fi DI HESR G 30 . R T DESeq2” 4 34
AL FE 3R 1 22 B4, “survival” “ survminer” Fl



- 2096 -

M ERKFF® Acta Universitatis Medicinalis Anhui 2024 Dec;59(12)

“geplo2” i F F A7 43 H1 . R A Log-rank £ %5 LA
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All non detected compartments

TMOD?3 detected in Cytosol and
Actin filaments

1 TMOD3 #5443 K H7E 4B B F 40 4 H B9 RE iL

Fig.1 Structure of TMOD3 and its localization in cells and tissues

A ; Structural prediction of TMOD3 in the HPA project; B: Cytoplasmic expression of TMOD3 protein in HCC tissues; C: Structural images showing

the presence of TMOD3 in the cytoplasm and actin filaments; D: Immunofluorescence images detecting TMOD3 in the cytoplasm and actin filaments.
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Fig.2 Expression differences of TMOD3 in HCC tissues and adjacent tissues

A GEPIA database analysis results; B: Overview of TMOD3 immunohistochemical staining in the tissue microarray( TMA) and microscopic images

at x 100 magnification; C: Quantitative analysis of the TMA cohort; D — F: Analysis results of the E-TABM-36, GSE144269, and GSE14520 datasets.
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Fig.3 Enrichment analysis of TMOD3 and its interacting proteins
A PPI interaction network of TMOD3; B: Bar chart of KEGG enrichment analysis results; C; Bar chart of GO enrichment analysis results.

hE4NM  https://www.cnki.net
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*1 TCGA ##Esh TMOD3 %%k ES HCC &
e R EAFERI X R [ n(% ) ]
Tab.1 The correlation between TMOD3 expression and

clinicopathological features of HCC patients in TCGA data[ n(% ) ]

Clinicopathological Low expression High expression  y? P
characteristics (n=212) (n=211) value value
Age( year) 0.852  0.409
<60 93(43.87) 102(48.34)
>60 119(56.13) 109(51.66)
Gender 1.879  0.102
Male 147(69.34) 133(63.03)
Female 65(30.66) 78(36.97)
Pathological grading 2.485 0.276
Moderately/ Well 138(65.09) 127(60.19)
differentiated
Poorly/Undifferentiated 70(33.02) 80(37.91)
Missing 4(1.89) 4(1.90)
TNM stage 5.394  0.043
171 157(74.06) 135(63.98)
/v 54(25.47) 76(36.02)
Missing 1(0.47) 0(0)
T stage 2.600  0.39
T1/T2 175(82.55) 171(81.04)
T3/T4 37(17.45) 40(18.96)
Lymph node metastasis 4.099  0.027
No 138(65.09) 116(54.98)
Yes 72(33.96) 91(43.13)
Missing 2(0.94) 4(1.90)
Distant metastasis 16.954 <0.001
No 149(70.28) 107(50.71)
Yes 63(29.72) 104(49.29)
Family history 1.155  0.284
No 149(70.28) 138(65.40)
Yes 63(29.72) 73(34.60)
Hepatitis 1.994  0.131
No 124(58.49) 108(51.18)
Yes 88(41.51) 103(48.82)

RIS KRB R T G R (P >0.05) , L& 2,

2.5 TMOD3 xix/KF5 HCC EEWESH X
FH Kaplan-Meier 7341 TMOD3 23K & A6 B B &
7E TCGA LA S GSE14520 $idfa 46 v i) G R A= 47191 22
o BUREIR IR TMOD3 (835 SR A7 i[RI
TARSGRA, ZRA G E (P <0.05), )W
4A 4D, BT LIS R A SCH) HCC 5 /Y B
Vi 8 ] Kaplan-Meier &2 i A4 47 i £ 9 47
Log-rank #5545 7R TMOD3 533K 1 B AE A
L TARER B (P <0.001) , WA 4B, IHAMEHR
5% TMOD3 IR 22 3k 1 J8 75 5 Jg #F Jie A= 77 81 (pro-
gression free survival, PFS) Fl JC & K& 4= 17 8 ( recur-
rence free survival, RFS) f{35¢ &, 45 R W 7E TCGA
Heli DL GSE14520 %dit 4 v, TMOD3 15 323K 241 14

F2 HLAGRIEKFEZR TMOD3 RikKFE

5 HCC 2EIERFRBHFENXR[n(%) ]
Tab.2 Correlation between TMOD3 expression in Tissue
microarray samples and clinicopathological characteristics

of hepatocellular carcinoma patients[ n( % ) |

Clinicopathological Low expression High expression  y? P

characteristics (n=43) (n=119) value value

Age( year) 3.314  0.069
<60 30(69.77) 64(53.78)
>60 13(30.23) 55(46.22)

Gender 0.157  0.692
Male 26(60.47) 76(63.87)
Female 17(39.53) 43(36.13)

T stage 2.619  0.454
T1/T2 32(74.42) 77(64.71)
T3/T4 11(25.58) 42(35.29)

Lymph node metastasis 8.924  0.003
No 39(90.70) 80(67.23)
Yes 4(9.30) 39(32.77)

Distant metastasis 9.362  0.002
No 40(93.02) 83(69.75)
Yes 3(6.98) 36(30.25)

Family history 3.350  0.067
Yes 14(32.56) 58(48.74)
No 29(67.44) 61(51.26)

Cirrhosis 0.061  0.805
Yes 24(55.81) 69(57.98)
No 19(44.19) 50(42.02)

Portal hypertension 1.013  0.314
Yes 3(6.98) 15(12.61)
No 40(93.02) 104(87.39)

AFP (ng/ml) .17  0.291
<400 18(41.86) 58(48.74)
=400 25(58.14) 61(51.26)

Child classification 1.164  0.281
A/B 42(97.67) 111(93.28)
C 1(2.33) 8(6.72)

Surrounding invasion 6.773  0.009
Yes 1(2.33) 22(18.49)
No 42(97.67) 97(81.51)

Vascular tumor thrombus 0.597  0.440
Yes 10(23.26) 35(29.41)
No 33(76.74) 84(70.59)

REFS DI K PFS ¥I{K T TMOD3 fRF x4, WLE 4C,
4E, XEBLURYE Y] TMOD3 13 k5 HCC 1 1
Ja , U HCC R KM AT HOIR

2.6 M HCC ZAEBHMIBKEEER KA
G R X I B W PR AR AR B4l o TMOD3 235 7K - |
AR T S0 S AL BT R8T E L Child
IR AILIN R M Z IR Logistic [9]5 7347
LR BN AE BN R Logistic [ 973 v, 4R % > 60
% T3/T4 73 W1 '] Bk i e\ TMOD3 5 3% 1% i HCC
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Fig.4 Survival curves of HCC patients in the TMOD3 low expression group compared to the high expression group

A OS curve analysis of TMOD3 in TCGA; B: OS curve analysis of TMOD3 using clinical data from tissue microarrays; C: PFS curve analysis of
TMOD3 in TCGA; D: OS curve analysis of TMOD3 in GSE14520; E: RFS curve analysis of TMOD3 in GSE14520.
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T ROC e e o [RIBFARFI A x° - df db—4 )
Wi RS TN A7 Y AR B, K B TMOD3 Al T 43
S 000 1) o AR B B A TR (& SB) . R
TMOD3 7l HCC 88 v i A 45 B2 E .

3 e

B TH 57N TG TG 3 < L b 28 i A 2t 7 i
25 B e 7 FH 2 B N 18] F) HERS T 2247 5
AR AT AT 14 v D R 2 SR R U R 8

JRAEAE BT TR A AR TR AL 55 4 (B R L5
IS 2 (0 . HCC 15N P S DL A e, L
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TMOD3 e 1 3l 9 47 L 11 9 JROLBR 2 5 (tro-
pomyosin, TPM) — £F 4 7 {J| 2 25 H ( fiber-actin ) [
2% IFE SIS E R 455 5 2 22/ 98 A TR 8 T 2
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Fig. 5 The predictive value of TMOD3 in the metastasis of HCC
Variable AUC Pvalue . . - . . .
A: Receiver operating characteristic curves for predictor variables in
TMOD3 0.624 0.020 Logistic regression; B: Evaluation of the importance of each variable in
Age 0.629 0.015 . .
predicting HCC metastasis.
T stage 0.609 0.041
Portal hypertension 0.562 0.245

%3 Logistic B3N &R

Tab.3 Logistic regression analysis results

. Univariate analysis Multivariate analysis

Variables
OR 95% CI P value OR 95% CI P value

Age (year)

<60 Ref. Ref.

>60 2.873 1.366 -6.039 0.005 2.256 1.006 —5.059 0.048
Gender

Female Ref.

Male 0.696 0.330 -1.448 0.332
T stage

T1/T2 Ref. Ref.

T3/T4 1.573 1.082 -2.288 0.018 1.551 1.039 -2.314 0.032
Family history

No Ref.

Yes 1.437 0.698 —2.961 0.325
Cirrhosis

No Ref.

Yes 1.088 0.524 -2.261 0.820
AFP (ng/ml)

<400 Ref.

=400 0.998 0.485 -2.051 0.995
Child

A/B Ref.

C 1.625 0.387 -6.827 0.507
Portal hypertension

No Ref. Ref.

Yes 2.916 1.061 -8.015 0.038 2.260 0.718 -7.118 0.164
Hepatitis b

No Ref.

Yes 2.000 0.428 -9.352 0.378
TMOD3

Low expression Ref. Ref.

High expression 5.783 1.679 -19.920 0.005 4.359 1.235-15.384 0.022

hE4NM  https://www.cnki.net
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5 HCC BB R R M A WIS . HoAth 241
PRI HAR th PR BEAR Al L R (R A HAR 4y
Pr s 5 R ER BRI AP R,

ABGEAE N T A=A B8 e 43 B 5 v 1) Sk Al
b, FIER LS B B R AR A 2 48 2 i — 20 5
UE TMOD3 (1) 53 REFITE 20 A o 19 2 57 S HAE HCC
(238 5 R o & B TMOD3 78 41 fifd 5 v Fl &
bzl e v 117 s e S 24 A D B PO /AN o € e
Y5 B2 07 3 & 3 TMOD3 7% HCC 48U %
Wi Rk A TR & R AT A R R,
TMOD3 K HAHFAE I8 6 4R 1 5% 15 5 i 1)
REFIEBEVIF G, G IRAH M, MRk
TMOD3 () HCC j&# S5 Re AbF5 B Rtk 2 25 56 85 1) &
ARG, TGS IR OS i )& RFS DL J PFS
%5 TMOD3 &A% UIAH G, 28 b, NG5 &
ik E AR B Im R FEAE 2 A e T
TMOD3 5 HCC & RFHB I EYI KR, FE, AW
Fib i — LR Z R g it 7 4R 58 T TMOD3 1
R HCC B R B WA EWE T, kM
TMOD3 X F il HCC ## HA R4 1 X 43 B DL K
TR, HLAS o W HCC (228 M K Tl 48 R i)
Wi,

55 b 98 4= 78 A O 1 — I B 2R R R ) R O
TMOD3 G5 4F 4 L3N & I e R M I AL 25 45, fid ik
MR KA AR, XS b - 8] g B Ak
(epithelial-mesenchymal transition, EMT) 3 #2 5 &
AN PR . EMT fERE 1R 28 i 72
HR A G, 78 EMT 3 R v, T3 40 A 1 200 i
JEA PRI B, A5 SR T2 0% A ik
PEFIAN B 2R T4, 8 40 B A 2 R 22 A
FRN AR ST T TMOD3 78 T4 v 1 25k
T H 551 RS BRARAE AN IS 1 26 &, T BRI
P 4 R 5e 4 B BA 75 J5 e BF o s itk — AR5

AR AFAE— LN R 2ZAb . B 5, AR ik
a 2% TMOD3 5 HCC £ (1) L f5 FIAS RO BRI
Z (B SR HEA T4 A1 BA B AF 55, LA BRI T AR 56
TIE BRI A P36 F 000 25 28 , AR ¢ B rpc B4
AR ZE . AN AT 5 o fit 3l 2 40 B S 50 K sl )
SZESTE B TMOD3 it HCC 20 i (2 28 FiE 5% 19 5% 1
T B EE HCC B8 RS MG RO 25 2., b
Bz IEH AR HCC B FEAR M L. R BETE
MF A AEAS 58 U 2 S 28 , TMOD3 . J] T3
il HCC (& 5 KA MR f s, nT e A7 Bh
HCC B ARG LRAIRYT MBFE ARG RN o
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Analysis of the potential role of TMOD3 in recurrence

and metastasis of hepatocellular carcinoma
Luo Longbiao, Jiang Hui, Ma Dandan, Fu Hangwei, Sun Weiwei
(Dept of General Surgery, General Hospital of Central Theater Command, Wuhan 430070)

Abstract Objective To investigate the relationship between tropomodulin 3 (TMOD3) and the malignant biologi-
cal characteristics of hepatocellular carcinoma, and the predictive potential of TMOD3 as a biomarker for the recur-
rence and metastasis of hepatocellular carcinoma. Methods Firstly, the structure of TMOD3 and its subcellular lo-
calization in cells and tissues were analyzed using database of Human Protein Atlas. Then explored the differential
expression of TMOD3 in hepatocellular carcinoma tissues and normal liver tissues and its impact on clinical patho-
logical characteristics and prognosis using TCGA and GEO datasets. Subsequently, the STRING database was uti-
lized to explore the interacting proteins of TMOD3, followed by enrichment analysis conducted using the Metascape
database. Finally, Logistic regression was used to analyze the independent risk factors for metastasis of hepatocellu-
lar carcinoma and evaluated the importance of predictive variables using ROC curves and Wald tests. Survival anal-
ysis was conducted using the Kaplan-Meier curve and the Log-rank test. Results TMOD3 was localized to actin
filaments in cells, and compared with normal tissues, the expression level of TMOD3 in liver cancer tissues is high-
er (P <0.05), and high expression of TMOD3 was closely related to lymph node metastasis and distant metastasis
of hepatocellular carcinoma patients (P <0.05). Enrichment analysis results revealed that TMOD3 and its interac-
ting proteins mainly function and signaling pathways related to tumor invasion and migration. Logistic regression
found that TMOD3 was an independent risk factor for recurrence and metastasis of hepatocellular carcinoma (OR:
4.359, 95%CI . 1.235 -15.384, P =0.022). Survival analysis revealed that high expression of TMOD3 was as-
sociated with poor OS, DFS, and RFS of hepatocellular carcinoma patients (P <0.05). Both ROC analysis and
Wald test indicated that TMOD3 has good predictive characteristics for recurrence and metastasis of hepatocellular
carcinoma. Conclusion TMOD3 is closely associated with the invasion and metastasis of hepatocellular carcinoma
and is an independent risk factor for the recurrence and metastasis of liver cancer. TMOD3 performs well in predic-
ting the recurrence and metastasis of hepatocellular carcinoma and has the potential to become a biomarker for pre-
dicting the recurrence and metastasis of hepatocellular carcinoma.
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