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miR-34 i 8 F7 57 P miR-34 235 5 0T I B AS
FEA G BEE S — A JE T miR-34a LU 04 i 40
1] microRNA 254 MRX34 7€ 13 it PR 328 565 v (19 iz
FH miR-34 72 ) vh A 4556 ik BRI
I, PR AH AE T miR-34 #EEE R AT VT A5, 4R
5 B AL (overall survival, OS)AH PEE 58 A AE
Z ———li 98 (lung adenocarcinoma, LUAD) , Jf-##
52 LUAD Tl AU PAG RS2

LUAD 1y fili 98 fe 6 DL R B AL 22—, 2

digested with collagenase type I and subsequently cultured using an adherent method. Cells were purified via differ-
CCSMCs began to
emerge from the tissue block after 3 days, increased significantly by day 7, and converged by day 12. Post-

ential adhesion and identified through immunofluorescence and Western blotting. Results

passage, CCSMCs exhibited strong proliferation and a “peak-to-valley” phenomenon. After purification, the cells
tested positive for a-smooth muscle actin (a-SMA ), confirming the successful establishment of the in vitro culture
model. Conclusion

high-purity CCSMCs.
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The modified tissue block adherence method is a cost-effective and efficient way to obtain

rats; corpus cavernosum smooth muscle cells; smooth muscle actin; vitro model; cell culture; im-
munofluorescence ; tissue block adherence method

National Natural Science Foundation of China (Nos. 82474319, 82405412)

Corresponding author Zhang Peihai, E-mail: zhangpeihai@126. com

Fund programs

o [ %71 B

https://www.cnki.net



o [ %71 B

I EAKRFFIR Acta Universitatis Medicinalis Anhui - 2026 Jan;61(1) -+ 119 -

it 8 1 40% . A BFFE SR WD, m R miR-34 R A5 {2
/N GRAE Kras 9K 8l 19 il 968 32F )i, H miR-34a/blc
RT3 e 14 il i 98 B8 3 04 AE A7 R T AR RAIR
il B g B o %SO T IS BE T miR-34 KR Y
LUAD il Ji XU PF AL 45278 ) LI LUAD S8 3 W
A b ) A e S TS PR — S 22

1 #R57FE

1.1 WERIEHE M TCCA Mk H a5 7L
P A5 T e R A B 16 Tl A 21 TR ) B DR S TR Bl
AH I i R Hh 4 LA B B PR A 400 i 98 28 il o 60 446 %
e JR % I Bz %8 (bladder urothelial carcinoma
BLCA) . F I 32 7d J% (breast invasive carcinoma,
BRCA) %5179 (colon adenocarcinoma, COAD) . &4
Jifi (esophageal carcinoma, ESCA) | Sk 51 % R 2] Hu 95
(head and neck squamous cell carcinoma, HNSC) | &
Wl {541 J9 98 (kidney chromophobe , KICH) | '3 175 B 41
Jilak}) (kidney renal clear cell carcinoma, KIRC) "5 %L
3k R 20 B 98 (kidney renal papillary cell carcinoma,
KIRP) . 1 2 g JiF 9 (liver hepatocellular carcinoma,
LIHC) . LUAD. Jili 8% 4% (lung squamous cell carci-
noma, LUSC) . 7] 51 JIit 9 (prostate adenocarcinoma,
PRAD) . B 1% I 95 (rectum adenocarcinoma, READ) .
B 4 (stomach adenocarcinoma, STAD) . F K JIf 98
(thyroid cancer, THCA) 1% W & (uterine corpus
endometrial carcinoma, UCEC) . [A] B} )\ UCSC Xena
N EARR A AEAEF B S . A GEO #5412 (https : //
www. nchi. nlm. nih. gov/geo/) T #k LUAD #f 3 1)
GSE31210 & PR 3k B B AR Rz A e PRESC A

1.2 miR-4BERTNYRZLERTS 8 mir-
DIP ., TargetScan 11 MiRTarBase i J& 11| hsa-miR-
34a/34b/34c #E ] 1) mRNA , 38 1o 58 X 3 A Hidhs 122 fifi
TE ) miRNA-mRNA X 5 %] miR-34 ¥ 5E K . R ¥
TCGA HAH R Y miR-34 #E3E [K Fe 3k Bcdls , I R A2
GSVA T3 16 F i AiE (4245 9 AV 55 FEAS ) ' miR-
34 KEIE B P, 0 BT 5320 ssGSEA . N BR A
[Fi) e i 28 284 ) B /N X 23 B 8 S i fei 45 2R 5807
i b 58 22 57, X LR ssGSEA 43 BEAT Min-Max
A

1.3 miR-M4BEFEPEEESNT  miR-34LENH
i) GO FI KEGG & & 70 #1{d JH R £ clusterProfiler, 2
BSEE N default (adj. P<0.05).

1.4 miRMBERFHZZHOMBELEE KT
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miR-34 $EIE P TE 5, R Wilcoxon K 56 %5 52 45 2598
i H I iR 2 2 g S A A 2 AL B 25 5 K R
FEA S IEE AT IV, R Z H A5 1 FDR J7
VR UE PAR, F 407 6 M miR-34 #U3E N E A0 AE AR 25
S bR S

1.5 FRMIFH@ELAER MG K TR L 2s 0
SRR R B AR B R R 3R Cox [B1IH 73 H7
miR-34 #1135 [R50 5 22 S50 88 i WS AR 56
Ph P<0. 05 A 8 1k br o , 07 56 55 A8 35 A A7 AH G 1 i
JiE o i3 LASSO-Cox [ H 5347 miR-34 3L (K] | 44 3
i 2 (1 Je I RS ASE R, T A4 1) Cox B 81 XU [l
VARETRY  HAR R R I KU DT 43 AR o7 IR
R A B s NSRS (TR AR L .9 1A N R Fe WA WL A S N
Kaplan-Meier 4= f7 2k . 115 & fa H ARG 489 5
SEATEER, I il 221038 TAEFFE (receiver operat-
ing characteristic curve, ROC) FHZE'7" , LIS 55 45 U 7
N EpAR DN T P O AN S BB - NSl | AT
% Cox [M1IH 43 HT , F 251 2R %] .

1.6 K EEFEmIR-345BER 293740
% 709 WA FE 3R 3] 96 FLAR T35 5% 24 h, BiL il
JFHi Bl DNA Fl microRNA J2 86 Yeik ), # iR &
5 min. B Hi BT # DNA Fl microRNA 1R 2 )5 -5
LR AT, H I B 20 min, FEAL 3T 4 50 pl
RE 2 5L B 50 ul DNA -microRNA 5 L iR & W A
L. B 6 hm g e o s e gk . Bk gg
Yu48 hm, 5L HEaE 5L, 11100 pl PBS BRI S, 1
T PBS. BT , ¥ U8 28 Mgz 45 5 RS I
F SRR UL A5 58 LS5

1.7 % 3 E £ PCR X% 1§ (quantitative real-time
PCR, qPCR) # il #8 < $0E FE 7£ LUAD )R IEK
T OARBFSEAHTII N LUAD ZH SV 5 i i
Z B AR BRA F 4%, W2 I T PCR A
FH TRIzol i 551 M 41 g 7 $2 B 21 RNA, A DNase 14§
k., Fil PrimeScript RT i 7 Jz % 5% 5% cDNA. R H
SYBR®Premix Ex Taq™i#17 qPCR K3l . LA B-HL 3]
HHANNSEATHOCE /3T qPCR RV &1
$9:95 °C 5 min, 95 °C10s, 60 °C 15s, 72 °C 20 s, 3k
AOMEHR . a2 2 Aot AR Rk,

1.8 ZEitF4IE RHIR 3.3. 37412450
THECERBH I [n (%) 13871 5 24743 BT ] Kaplan-Meier
5 F Log-rank A5 56 5 A= 47 AH & 18 30 37 7 fs [ 25 40
FH AP 28RN 22 B 2R Cox Eb 3 IRURS: [ 051 43+ A 5 46 56 7K
#Ea=0.05, P<0.05 WZEFAGI27E L,
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Tab.1 Primer sequence
Gene Primer sequence (5'-3")
TATCTACCGTCTTGAGGGCTGG
GALNT7

TGCCTGCGATTCAGGACGACTA
CAAGAGTGGCATTCAACCGCAC

SATB2
ATCTCGCTCCACTTCTGGCAGA
GGATCTCCAACATGGCAGCCTT
LDHA
AGACGGCTTTCTCCCTCTTGCT
GGCACCCAGCACAATGAA
p-actin
TAGAAGCATTTGCGGTGG
2 #R

2.1 miR-34 BEF TN R EE AR EREEPHRIE
KF i3 mirDIP, TargetScan A1 MiRTarBase 4 4/
J i 35 31 92 XA AE 1 BE PR X, K bR A JE 3k AR 65
A~ miR-34 #UFE R (1 1A) o #E— 21T A4 miR-34
RO RITE T A AN TR R i v i) 98 8 Y (E A o 22, AR
Jei A X e P T3 AR 55 R %K (coefficient of Varia-
tion, CV) , JF 4 CV B R Y 50 S BEP #EA75E 7 o
P SR FLAE 13 Fh B A [A) miR-34 #0LE RI T 43 1)
FERE TP ERIA (1B) .

A B

24 (0.4%)

441 (7.8%) 1085 (19.3%)

92 (1.6%)

420 (7.5%) 174 (3.1%)

3387 (60.2%)

2.2 mR-UEBEERTISERWNEERBENEE
I F X 16 FlfE AE H 65 4 miR-34 $83E H 1Y ssGSEA
3T, X 16 B AE 0 BT A3 FE AR 24T miR-34 $ JE A
P (I 2A) o S5 R, 16 R oA 3 A bR i
miR-34 $ I R VF 23 76 I 5 1E % 2 i) 22 7 o ge it
% 7% X, B HNSC (FDR: 0.159) , STAD (FDR:
0.052) , THCA (FDR: 0. 603) . miR-34 #1 5t X 3 43
A1 2 22 5 0 b 25 B4 45 BLCA \BRCA ,COAD .
ESCA . KICH, KIRC. KIRP, LIHC, LUAD. LUSC,
PRAD ,READ 1 UCEC (¥l 2B) . &5 & P {H 1 KUK
It , BLCA (P=0.007, HR=5.870) fl LUAD (P=
0. 003, HR=5. 150) J& 5 OS #H 56 M 5 58 Y 2 g 5iF
(E12C) . (B TAE#— %Ik BLCA H1 miR-34
LR DG 35 PR 5 45 B AH G I L TR 3R 2K 7K - B
HFRIRAE A SO 78 J5 82 % LUAD 9 il J5 R 47
3T

223 mR-MUBEFRYERESEREEST
GO 73 Mr e 77 A2 232 45 3, 43 46 220 A= Py ol 2
(biological process, BP) , 12 A4 F I BE (molecular
function, MF) , 2 }g % 43 (cell component, CC) 4 0.,
S SR AR AN i KR C AR AR U= K

Cancertype . Cancer type

LDHA 3 BLCA
HSPAIE ? BRCA
L co
A ~
e 1 ESCA
Sy KICH
MYCN 3 KIRC
CCNE2 KIRP
FKBPIB LIHC
BMP3
GRM7 LUAD
GABRA3 Lusc
HOXAI3 PRAD
SATB2 READ
PGAP4 UCEC
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NR442
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E2F3
ARLSB
MDM4
SNTB2
SLC4A7
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EVISL
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E2F5
ANK3
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EIF4E3
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DLLI
LEF1
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VPS37B
AXL
RCANI
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1 miR-34 SR FE TN K B EREEEFHREERL

Fig. 1 Prediction of miR-34 target genes and their expression in different cancers

A': Venn plots of miRNA-mRNA relationship pairs obtained through screening from three databases; B: Heat map of the expression of the top50 tar-

get genes with the coefficient of variation among cancer types.

https://www.cnki.net



I EAKRFFIR Acta Universitatis Medicinalis Anhui - 2026 Jan;61(1) <121 -
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2 miR-34BEFITHERNEERLE
Fig. 2 Cancer types with differences in miR-34 target gene scores
A': The miR-34 target gene score; The scattered points are the scores of miR-34 target genes; The middle part of the red line segment represents the
average; The two ends represent the evaluation distance between the standard deviation and the average; B: Cancer types with significant differences in
miR-34 target gene scores; The scattered points are the scores of miR-34 target genes; The middle part of the red line segment represents the average ;
The two ends represent the evaluation distance between the standard deviation and the average; C: Univariate Cox regression was used to analyze the

cancer types most correlated with survival by miR-34 target gene scores.
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SR EE A RE K RNA B4 i 45 57 . DNA %5
G ENFHEGE S FOIRR T R AE T BEAR
fE(E3A) . KEGG 34 171 25 2 F 2L /N F
KR A T 300 (%, ) WV A 200 R o A SR 8 L p53
G5 MK iE7 (E3B) . X —45 R K miR-34 4
FE N F2 AR e SRR N BGE AR A Z B R v
2.4 LUADKMIREEME XFLUAD 651 miR-34
HESEPR EA T B 2R Cox I 43HT , 25 R R, H647 15
MR R IEE OSHHIC (K 4A) R ix 154 HE P H]
LASSO [l 5 #4743 07, IRk M B AR S 40 =
0. 026 095 79 47 A5 3¢ LI Ui % . 7 e LBl
TG 8 EE A 1 RECA N 0: HOXAI3 . GALNT7 .
SATB2 .SGPPI .LDHA .KLF4 .VPS37B .FOSLI ., if—
A IR X S S L R A5 5 miR-34 G5 A7 7E # []
X% . GALNT7 .SATB2 ,LDHA .KLF4 . FOSL B %%
WES miR-34 ZEH A ML/ LR Rad i —
A3l b Xt 2R i A A R S0 5 ik SGPPI
HOXAI3 1 VPS37B 5 miR-34 A1 7E 40 7] ¢ & (1K
4B) . [ M 3% £ GALNT7 . SATB2 ., LDHA . KLF4 Fll
FOSLI 53R 7 5 2290k

K qPCR & LUAD 20405 A v 5 AN 3R R Y

P adjust

0.03
0.02
0.01

0.05 0.10 0.15 020
Gene ratio

RN G5R IR, SESHLME I, GALNT7,
SATB2 . LDHA 7¥ LUAD 41 21 v 35 W & T & (P<
0.05) ,KLF4 . FOSLI 1E LUAD 20 #1 rh 6 35 %5 /0 ([
4C) . HkEEEFE GALNT7 SATB2 Fl LDHA 3 PHE A
i LUAD Tl 5 3 AR AU A R 51

K FH LASSO [0 33l 25 2% T LDHA . GALNT7 F01
SATB2 1) 3 BRI XUB Y (€1 4D) o AR REAE 22 450 Bl
A ARAL B0 E FR A R 0,002 36 (K 4E) . R
5L JRUSS: DY 344 58 35 43 Sy e 15 2 AR f 41 (151 4F) o
AR BRI e AmER L (K46) . Hfadl
5% & 4L i A A7 22 57 R AR [E] B4 log-rank 23 AT, &3
A2 A Gt E 7 L (P<0. 000 1) (RG24 s
AAFrt R B K FRfadl (K 4H) . ROCHIZ T
1A (3 4R S AR A A7 IX 43 3l 4 0..690., 0. 668 Fll
0. 663, Ui FHIZ L R R A% B D T LUAD & (1) Tl e
(E41) . I, 38 T LDHA .GALNT7 F1 SATB2
ZANFERAE A LUAD T 43 s 28 i (4371
2.5 LUAD X SMEREIE (] L id il 2k
RT3 1 KU P53 45 B TE 30 iE 4R GSE31210 Hrxt L
B TE A0 HEA T B E , ) FH 96 48 5000 1 58 6 F 4 XU
B RN ORI R — B0 AR b A KU 1743

B

11

P adjust
0.08
0.06
0.04
0.02

0.10 0.15 0.20 0.25
Gene ratio

3 miR-34$BEFEM GOFIKEGG BEEH#T
Fig.3 GO and KEGG enrichment of miR-34 target genes

A: GO function analysis bubble chart; B: KEGG function analysis bubble chart. The horizontal axis represents the ratio, with a larger value indicat-

ing a more significant enrichment; The vertical axis is the corresponding name of the enrichment of differentially expressed genes; The size of the

bubbles indicates the number of enriched differentially expressed genes; The color of the bubbles ranging from red to blue indicates that the value of P.

Adjust is getting larger and larger, suggesting that the enrichment is becoming less significant.
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A H
Gene name P value Harzard ratio (95CI)
LDHA  <0.001  1.73(1.42-2.10) 1.00F
FOSLI <0001 122(1.12-1.32) 2 Stra?ek B
HOXAI3 <0001 144 (121-1.71) =0.75F R%Sk type:Lc_)vs}zl
SATB2 00018  1.35(1.12-1.63) 8 Risk type=Hig
GMFB 00048  1.38(1.10-1.73) gO 501
VPS37B 00105 137(1.08-1.73) =
KLF4 00125  1.16(1.03-130) 2 _
NCKAPI 00139 135 (1.06-1.72) £0.25 - Log-rank
=] P<0.000 1
SGPPI 00176 1.25(1.04-149) «
MAP2KI 00179 1.37(1.06-1.77) 0F, ) ) ) )
MET 00243 1.16(1.01-1.19) 0 2000 4000 6000 8000
METAPI 00299  1.36(1.03-1.79) . OS (d)
HSPAIB 00321 120 (1.02-141) Number at risk
ACSL4 0.0326 118 (1.01-138) £ Risk type=Low 250 28 5 2 0
GALNT7 00425 118 (1.01-139) & Risk type=High[2s0 16 1 1 0
o 1 2 3 4 5 0 2000 4000 6000 8000
Harzard ratio 0S (d)
B .. .. -
1.5 C3INC mimics 1.5 CZ3NC mimics 1.5 CINC mimics
CImiR mimics CImiR mimics CImiR mimics
= = z2
Z10f £ 1.0} Z1.0f T
2 = ®
2 2 2
£ 5 5
205F S 0.5F S05¢
1 E =
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z 2123 -l
E 2 = N 5 03f
E * = 122 % o2k SATB2
g9t 2t S
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2 ok = 120
[ = (1]= Pest lambda-0.902 36 L L L
1 o) M ?A ) £ 119 L L L L L
AR o° 8§ 6 4 2 0 - - 4 2 0
S 10y In(%)
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B Rigaree e
- 56000 Dead 0.8
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2r 2 =0
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= Z 204t
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B4 ET miR-34 LEFE LUAD KL
Fig.4 Construction of the risk model of LUAD by miR-34 target genes

A: Univariate Cox regression model was used to analyze the prognostic genes related to the OS of patients; B: The dual-luciferase reporter gene as-

say verified the targeted binding relationship of miR-34 with SGPP1, HOXA13 and VPS37B; C: The expression of five genes in LUAD tissue microar-

rays was detected by qPCR; D: The screening process of the cross-validation process parameter A; E: Dynamic Process Diagram of LASSO-based Vari-

able Screening; F: Distribution of risk scores between high-risk and low-risk patients; G: Distribution of survival status between high-risk and low-risk

patients; H: Kaplan-Meier curves for high-risk and low-risk patients; I: ROC curve; "P<0. 05,""P<0. 01 »s Normal group.

H B e e ARG (8 5A) A ARIR L s
e A7 3G N Z (K 5B) , >k AR A A9 Log-rank
O3B oM s S ARG A A A7 22 5L 45 2R AR
fG 20 F i fe ) A A 22 A S e (P
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Fig.5 Validation of the LUAD risk model

A: Distribution of risk scores between high-risk and low-risk patients; B: Distribution of risk survival status between high-risk and low-risk pa-

tients; C: Kaplan-Meier curves for high-risk and low-risk patients; D: ROC curve.

2.6 E T miR-34 8 & E #3& LUAD Hi /5= &
W AU DY 43 5 A I PR $6 A A 25 &, 48 2 100 /5 A
AU, ST R DAy SR AR B R o3
199 e TNM 4399 7 A28 1 AT L ZR Cox 115 43
BT, 45 53R I M eg 31 e T 4 S0 R e XSS 373
55 B AR A WU A6 (P<0. 05) (K 6A (6B) , iE—
A5, R Pegea 43309 e e T 43 300 AR 8 1 XU 1 03
3 ANRRAE A 8 278 B Cox MR, I 22 3 51 & 14 (1]
6C) o A A7 T H23r BRI F AR, R 2B LA 85
R FEmPERE (6D ) .

3 itig

FEJEIE T, miR-34 G015 3k PR Ay g ik PR AS I
UER 2 5 g it Joe | FL b Je 28 11 i D e 2 ik T A
22 B0 I TR o] P O . I R ZEFLAR
T, miR-34c T2 115 T G2/M A BH iy >k 5% i 4
Ji R . AE B S P, miR-34a/b/c i 3 fih & E R
PR T N 0 S 9 40 M ) 385 5, 8 3 5 1) Noteh 1
IR 28 . A SCGE S GO AT KEGG 4 #7 , 36 iE
T miR-34 ZIGAL LR 7L Z R i th 2 5 Z Fh D) fig
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RS Z RG-S IR IR T 16 R
iE TG RE AR 1) miR-34 $0 3 P PE 43, I P AE
Cox [B1 I 23T, 45 3 7R miR-34 #EIE R PE/35 0S
KM R IR RE S LUAD A BLCA  {H i T et — 4
55 9E BLCA ' miR-34 5 HOAH JC L 38 U2 B 45 6 K
AH DG B0 I PR 32 58 UK 7 B L SR A, B A ST
LUAD i J& XU PPAR AR Y . R miR-34 #LJL R 153
AT WG L 78 LUAD Wi % HOXAI3 , GALNT?7 |
SATB2.SGPPI .LDHA .KLF4 .VPS37B . FOSLI % 8 4~
FE . 7R DG SR B e T 56 U A B O
A, i GALNT7 .SATB2 .LDHA .KLF4 . FOSL. {540
J S 38 5 WUE o 2R I A I S5 kB SGPPI
HOXAI3,VPS37B 5 miR-34 F Jii N AFAE M0 [ 45 45 .
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A: Univariate Cox regression analysis was used to analyze clinical indicators related to prognosis; B: Multivariable Cox model forest map; C: A no-

mogram constructed using the information of RiskScore, AJCC and T staging; D: Calibration curve of 1-3-5-year survival rate.
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lung adenocarcinoma based on miR-34 family target genes
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Abstract Objective

family. Methods

sessed in 16 tumor types. Univariate Cox regression analysis was used to identify the tumor type with the strongest

To establish a tumor prognostic risk assessment model related to target genes of the miR-34

Target genes of the miR-34 family were screened, and the scores of miR-34 target genes were as-

correlation between miR-34 target gene scores and overall survival (0S). Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analyses were performed to elucidate the functional roles and signaling path-
ways of miR-34 target genes. A prognostic risk model based on the miR-34 target genes was constructed using uni-
variate Cox and LASSO regression analyses. Quantitative real-time PCR (qPCR) and dual-luciferase reporter as-
says were conducted to validate whether the target genes bind to miR-34 and measure their RNA expression levels
in the relevant tumors. Additionally, the risk score was integrated with other clinical indicators to develop a nomo-
gram prediction model for patient survival. Results A total of 65 target genes of the miR-34 family were screened.
The cancer type exhibiting stronger correlation between the target gene scores and OS was lung adenocarcinoma
(P =0.003, HR= 5.150). Furthermore, miR-34 target genes were predominantly enriched in oxidative stress
pathways and various tumor-related processes. Three genes, LDHA, GALNT7, and SATB2, were identified as core
components of the prognostic analysis model for lung adenocarcinoma. Additionally, the constructed nomogram
model demonstrated robust predictive performance. Conclusion The risk model and prognosis model of lung ad-
enocarcinoma constructed based on the key target genes of miR-34 have good predictive performance.

Key words miR-34 family target genes; lung adenocarcinomaj; overall survival; nomogram; prognosis; risk
model
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