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[ Abstract] Background and purpose: Golgi membrane protein 1 (GOLMI) plays the role of an oncogene in lung

adenocarcinoma (LUAD), however, the effects of GOLM1 on the proliferation, invasion and migration of LUAD cells and its
mechanism are not clear yet. This study investigated the effects of GOLM1 on the proliferation, invasion and migration of LUAD
cells and its mechanism of action. Methods: We selected cancer tissues and corresponding paracancerous tissue specimens from
90 LUAD patients who underwent surgical resection in Karamay Central Hospital from April 2019 to April 2021. The expression
of GOLMI protein in LUAD tissues and paracancerous tissues was detected by immunohistochemistry, and the relationship
between GOLMI1 protein expression and clinicopathological characteristics of LUAD tissues was analyzed. Western blot was
used to detect the expression of GOLMI1 protein in human lung epithelial cells BEAS-2B and human lung adenocarcinoma H460,
A549, PG49 and H1299 cells. Lung adenocarcinoma A549 cells in logarithmic growth stage were randomly divided into blank
group (cells not transfected), GOLM1 small interfering RNA negative control (si-NC) group (cells transfected with si-NC),
GOLMI1 small interfering RNA (si-GOLMT1) group (cells transfected with si-GOLM1), insulin-like growth factor-1 (IGF-1) group
[10 umol/L phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR) signaling
pathway activator IGF-1 for 30 min] and si-GOLM1+IGF-1 group (after treatment with 10 pumol/L IGF-1 for 30 min, si-GOLM1
was transfected). Cell counting kit-8 method was used to detect cell proliferation in each group of lung adenocarcinoma A549 cells.
Scratch test was used to detect cell migration in each group of lung adenocarcinoma A549 cells. Transwell experiment was used to
detect cell invasion in each group of lung adenocarcinoma A549 cells. Western blot was used to detect the expressions of GOLM1
and PI3K/AKT/mTOR signaling pathway related proteins in each group of lung adenocarcinoma A549 cells. Xenograft model was
constructed by subcutaneously injecting A549 cells on the right side of BALB/c nude mice, which were divided into: nude mice blank
group, nude mice si-NC group, nude mice si-GOLM1 group, nude mice IGF-1 group, nude mice si-GOLMI1+IGF-1 group, with 6
mice in each group. The nude mice were sacrificed six weeks after injection, the tumor was collected, and the weight and volume of
the tumor were measured. Results: The results of immunohistochemistry showed that the positive expression rate of GOLM1 protein
was significantly higher in LUAD tissues than in adjacent tissues (P<0.05). The expression of GOLM1 protein was significantly
correlated with the degree of tumor differentiation, lymph node metastasis, and clinical stage (P<0.05), but not significantly correlated
with gender, age and smoking status of LUAD patients (P>0.05). Compared with BEAS-2B cells, the relative expression level of
GOLMI protein in human lung adenocarcinoma H460, A549, PG49 and H1299 cells was significantly increased (P<0.05), and
the relative expression level of GOLM1 protein in A549 cells was the highest. Therefore, A549 cells were selected for subsequent
experiments. Compared with the blank group and the si-NC group, OD value, scratch healing rate, number of invaded cells, GOLM1,
p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR protein relative expression levels in the lung adenocarcinoma A549 cells of the
si-GOLM1 group were significantly reduced (P<0.05). In the lung adenocarcinoma A549 cells of the IGF-1 group, there was no
significant change in GOLMI1 protein, and the other corresponding indicators were significantly increased (£<0.05). Compared with
the si-GOLM1 group, the OD value, scratch healing rate, number of invaded cells, p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR
protein relative expression levels of lung adenocarcinoma A549 cells in the si-GOLM1+IGF-1 group were significantly increased
(P<0.05), and there was no significant difference in GOLM1 protein relative expression level (P>0.05). Compared with the nude
mice blank group and nude mice si-NC group, the mass and volume of transplanted tumors in the nude mice si-GOLM]1 group were
significantly reduced, while the mass and volume of transplanted tumors in the nude mice IGF-1 group were significantly increased
(P<0.05). Compared with the nude mice si-GOLM]1 group, the mass and volume of transplanted tumors in the nude mice si-
GOLMI1+IGF-1 group were significantly increased (P<0.05). Conclusion: Silencing GOLM1 gene can inhibit the activation of PI3K/
AKT/mTOR signaling pathway, thereby inhibiting the proliferation, migration and invasion of lung adenocarcinoma A549 cells.
[Key words] Golgi membrane protein 1; Lung adenocarcinoma; Cell proliferation; Cell invasion; Cell migration;
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interfering RNA, si-GOLM1 ) K HFAH:XFIE (si-
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(insulin-like growth factor-1, IGF-1) [ [
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FAAT R FE24 he BOSEUE KB & 400,
RIPA i 2z vhili 42 XA A ) B8 1, BCAIR
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5%Mig A4 Wi E 1 h, PSR AGOLMI
(1:500) . GAPDH (1 :1000) —#iF4 <C
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2000) 7E= M FiRE 1.5 ho fHHECLIAH & #i
fLE T, DIGAPDH N NHRXTIE, if & Image]
A AT A 1 T A
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NC) . si-GOLMI14 ( 4ifig%% %esi-GOLM1 )
IGF-141""" (10 pmol/LAYPI3K/AKT/mTOR[E %
3l PG I IGF- 140 HH30 min ) Flsi-GOLM1
+IGF-141 (10 pmol/LIJIGF-14F30 min/i F-4E
Yusi-GOLM1 ) , HAHRE6 I T1TH

1.6 CCK-8i%k# A AR R AS494H B 154

15 45 LI B9 A SA9 4N % R 3% A 1 % 10°
A /mLJG, 203 E200 pL4iiE A A £]96fL
Merf, JFAE37 CFREFR0. 24H148 he B, #F
10 pL CCK-8E WM AR L. 7637 C Tl
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(D) fH.
1.7 RIREIGH N AH AR AS404H AT 75

P 4% 2H i R R A SA9 AR it 4 Ah B 6 FL AR
JEAE3T CHR IR s TR . 4 ik )
100%IC A BERT, 10 pLFS I 5 W W 7E 50 )2
A rh AR R D M E R , JF TR IR 22 vhEh i T
( phosphate-buffered saline, PBS ) ¥4 4iffi3
W BT FFBSHIRPMI- 164055373 F
37 CFiRE24h, (HHAHZE RS HE0, 24 h
B A E R SOOI, WIREA%= (0h
KPR YL -24 hWRRTEE ) /0 hAlJRFERE x 100%.
1.8 TranswellS236 4 M fh IR EEAS49 4 AR {Z 22

fifi IR A SR i transwel U NEFE3T CF
PEAT IR 225256 . A H CFBSIURPMI-16405; 5%
FE N 4 0 5 FE R #E R4 x 10°4>/mL, Ht100 pL
A #transwell EE A, B FEHHITA600 uL
SH10%FBSHIRPMI-164085 37 5, 7E37 CF
B 24 hig, BB A g i A E e
20 min, Z5AHERYL(A30 min, FANLIERES ALEFF
FHE B G BB AR 22 A AL H JTHA IR
1.9 Western blot# il fiti B 5 A54 9 ¢ fld
GOLM1&PISK/AKT/mTORIZS# SEKRIHXE
ARE

P& Il IR AS494 L= R 1. 4P iy T
B iEFT Western blot, B —30 5 # b A
GOLM1 (1:500) . PI3K (1:1000) ., AKT
(1:500) . mTOR (1:500) . p-PI3K (1 :
1000) . p-AKT (1:500) . p-mTOR (1:3500) .
GAPDH (1:1000) , HAEIER1.4,
1.10 #H/hRBEELE

WK 1.5 A LA, KE2 x 10°A- 40 i e
STEIBALB/c#/N AT MR ES K2 &, 43 il 4 44
KA L si-NC4H . si-GOLMI4H . IGF-14H A1
si-GOLM1+IGF-141, #pl6H . HiT6)H 5 abst
BN, SRR, I BT R ) o A A
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o il iR 96 20 20 GOLM L BRI 20 M 143 i A 7
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~ Negative expression
in paracancerous tissues

adenocarcinoma tissues

(x100)
B 1 ®REALEZLEKNGOLMIFRIE

Fig. 1 Immunohistochemical staining to detect GOLM1

expression

x 1 MBREARAPGOLMIRIESIERFEZFENX R

Tab.1 Relationship between GOLMI1 expression and clinicopathological characteristics in lung adenocarcinoma tissues

Ln(%)]
GOLM1

Characteristic Case n pa P value
Negative Positive

Gender 0.436 0.509
Male 47 9(19.15) 38 (80.85)
Female 43 6(13.95) 37 (86.05)

Agelyear 0.009 0.925
<60 41 7(17.07) 34 (82.93)
=60 49 8(16.33) 41 (83.67)

Smoking 0.010 0.921
Yes 31 5(16.13) 26 (83.87)
No 59 10 (16.95) 49 (83.05)

Degree of differentiation 9.681 0.002
Medium/low differentiation 56 4(7.14) 52 (92.86)
High differentiation 34 11 (32.35) 23 (67.65)

Lymph node metastasis 21.056 <0.001
Yes 34 8(23.53) 26 (76.47)
No 56 41 (73.21) 15 (26.79)

Clinical stage 6.828 0.009
I/n 59 28 (47.46) 31(52.54)
I 31 6(19.35) 25 (80.65)
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2.2 P LEREMARMBEAS-2BFfIATAREHA460. £ 2 FAMEHGOLMI HHEXRIAKFELE
A549. PG49. H12992Hﬂﬂﬁ!¢'GOLM1E’\]§J‘i§ Tab.2 Comparison of the relative expression levels of GOLM1

78353
B it b Rz 4 S BEAS-2B Flfifi B i H460 |

in each group of cells

(x +5,n=6)

" Group GOLMI1/GAPDH

A549. PG49. HI209IIIEST C . COMRBUIL BEAS-2B cell 0.1740.02
HS% IR REFRAf 159724 h, >R Western blot H460 cell 0.95+0.06*
Ko GOLM AR 338 K-, IFHEAT I BE £ 4 A549 cell 1534013
GtTe AR, 5 AN L AfiBEAS-2BL PG49 cell 1.1340.10"
674004

B, JMIEEHA60 . A549. PG49. HI120041j ot 0.670.04
e T e F value 239.446
HGOLMI AR R IB /K R THs (P<<0.05, P value oo

K2, 32) , HAREEAS4940 il GOLM 1 AH X}
TRk A, RUHRE A AR e AS49 A B4 e

GoLMmI ---.-

L

A B C D E
B 2 Western bloti il & 28 i R GOLM1 R 3%
Fig. 2 Detection of GOLM1 expression in each group of cells by
Western blot

A: BEAS-2B cell; B: H460 cell; C: A549 cell; D: PG49 cell; E: H1299
cell.

a: P<<0.05, compared with BEAS-2B cells.

2.3 RIAMPRIEASALMAILIERE TR LL AL

Bras 4. si-NC4H. si-GOLMI14 ., IGF-1
ZH MIsi-GOLM1 + IGF- 1 2H fili i 65 A 549 20 Jits )
2 x 10°A~/FL Ik B A 296 f LA Y, 430l #E 15
F20. 247148 hisf F FH CCK-872 K6 4% 20 41 it £
450 nmiE K AFIDIE, 4R BN, 5F A,
si-NCH %%, si-GOLM 1 4H Jiti i 968 A 549 2 fify
FER]— ] 5 (24, 48 h) BYDH 5 AR,
IGF- 1 21 Jili i 958 A S 49 4 Jifa ¢ [m) — B[R] 55 (24
48 h) WD RETHE (P<0.05) ; si-GOLMI
H A, si-GOLMI1+I1GE- 140 fii 3 i A 5494
o 7[R — It E] s (24, 48 h) BYD(H B & T
(P<0.05, %£3)

#* 3 HBAMREASAOMATEO. 245148 hETHIDIELLER

Tab.3 Comparison of D values of lung adenocarcinoma A549 cells in each group at 0, 24 and 48 h

(x +s5, n=6)
D value
Group
0h 24h 48h
Blank group 0.24 +0.02 0.54 +0.03 0.95 +0.07
si-NC group 0.26 + 0.04 0.52 +0.04 0.92 +0.09
si-GOLMI group 0.23 £0.02 0.26 0.02" 0.39 £0.03"
IGF-1 group 0.25 +0.04 0.81 = 0.06™ 1.25+0.12"
si-GOLM1+IGF-1 group 0.22 +0.03 0.59 +0.03° 0.89 + 0.06°
F value 1.531 156.203 90.188
P value 0.224 <0.001 <0.001

a: P<<0.05, compared with blank group; b: P<<0.05, compared with si-NC group; c: P<<0.05, compared with si-GOLM1 group.



(¥ @& %R L) 20224F53255534 213

2.4 HBAMREASIVMTR. BRAENLER MUK H B EFEAR, TGF-148 M B9 A 549 28 i ) 95

A TS SOG4 A BRI AS AU A AR R AN A W TS (P<<0.05)
%, il transwell LIRS AT BRIEE ASA9NML si-GOLMI14] HE%:, si-GOLM1-+I1GF-141 fiiifif
1272, SR BR, 5254, si-NCH LA, si-  FEASAOUIERIR A4 2R M 222 40 ik B 0 T+
GOLM 1 21 il B 95 A 54940 Jifa Y I i & R M A2 28 4 (P<0.05, K3, 4, %4) .

. ¥ o |
Migration (0 h) 4 5 51 St £
o~ b . ’ e
< .{.' | e c i o
‘?
o . . . .
Blank group si-NC group si-GOLM1 group IGF-1 group  si-GOLM1+IGF-1 group

B 3 EHEATBREASAOM TR AL L

Fig.3 Comparison of the migration ability of lung adenocarcinoma A549 cells in each group

P
| T’,’r’.’?‘& &)

si-NC group » 51-GOLM1 group IGF-l group si-GOLM1+IGF-1 group

(Crystal violet staining, x 200)
B 4 EHEIREASAMMEZERENLE

Fig. 4 Comparison of the invasion ability of lung adenocarcinoma A549 cells in each group

R4 BHEMREASAMEXIRA S ERERMAME B LR

Tab.4 Comparison of scratch healing rate and number of invasive cells in lung adenocarcinoma A549 cells in each group

(x £ 5, 1=6)
Group Scratch healing rate/% Number of invasion cells
Blank group 46.25 +3.08 65.86 +4.28
si-NC group 4473 £3.23 68.34 +3.98
§i-GOLMI group 18.65 + 1.79™ 29.06 + 2.55%
IGF-1 group 79.62 + 5.62°° 112.39 + 7.87%
si-GOLM1+I1GF-1 group 52.27 +3.35° 75.66 + 4.43°
F value 215.315 216.280
P value <0.001 <0.001

a: P<<0.05, compared with blank group; b:

P<0.05, compared with si-NC group; c: P<<0.05, compared with si-GOLM1 group.
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Fig. 5 Western blot method was used to detect GOLM1, p-PI3K,
PI3K, p-AKT, AKT, p-mTOR and mTOR protein expression in
lung adenocarcinoma A549 cells in each group

A: Blank group; B: si-NC group; C: si-GOLM1 group; D: IGF-1 group;

E: si-GOLMI1 +IGF-1 group.
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Tab.5 Comparison of GOLM1 and PI3K/AKT/mTOR signaling pathway related protein levels in lung adenocarcinoma A549

cells in each group

(x x5, n=6)
Group GOLM1/GAPDH p-PI3K/PI3K p-AKT/AKT p-mTOR/mTOR
Blank group 1.51£0.12 0.45+0.03 0.68 + 0.04 0.79 +0.05
si-NC group 1.52+0.14 0.48 +0.02 0.71 £0.05 0.78 £ 0.06
§i-GOLMI group 0.63 = 0.04" 0.15+0.01" 0.18 +0.01% 0.25+0.03"
IGF-1 group 1.56+0.11° 0.83 = 0.05™ 1.08 +0.06™ 1.21+0.11%
§i-GOLM1+IGF-1 group 0.65 +0.05" 0.51 +0.02° 0.72 £0.05° 0.83 £0.06°
F value 142.249 406.605 300.233 154.652
P value <0.001 <0.001 <0.001 <0.001

a: P<<0.05, compared with blank group; b: P<<0.05, compared with si-NC group; c¢: P<<0.05, compared with si-GOLM1 group.
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Nude mice blank group

Nude mice si-NC group

Nude mice si-GOLM1 group

Nude mice si-GOLM1+IGF-1 group
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Fig. 6 Comparison of the growth of xenagraft tumors in BALB/c nude mice in each group
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Tab. 6 Comparison of the mass and volume of transplanted tumors in BALB/c nude mice in each group

(;is, n==0)

Group Tumor quality m/g Tumor volume #/mm’
Nude mice blank group 0.86 + 0.04 175.51 £ 8.16
Nude mice si-NC group 0.89 +0.05 181.63 +10.20
Nude mice si-GOLM1 group 0.35+0.01% 71.43 £2.04"
Nude mice IGF-1 group 1.23 +0.11" 251.02 +22.45™
Nude mice si-GOLM1+IGF-1 group 0.95+0.07° 193.88 + 12.14°

F value 143.604 153.473

P value <0.001 <0.001

a: P<<0.05, compared with nude mice blank group; b: P<<0.05, compared with nude mice si-NC group; c¢: P<<0.05, compared with nude mice si-

GOLMI group.
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