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Abstract

Objective: To observe the differential expression of DNPEP and ALDH18A1 in gastric cancer tissues
and analyze their effects on the proliferation, migration, and invasion abilities of gastric cancer cells.
Methods: The TCGA database was used to analyze the expression differences of DNPEP and ALDH18A1
between gastric cancer and adjacent normal tissues, as well as the correlation between gene expres-
sion and patient prognosis. RT-qPCR was performed to detect the basal expression of these genes
in gastric cancer cell lines to screen for suitable experimental cell lines. Liposome transfection was
used to construct gene knockdown and overexpression cell models. CCK-8, wound healing, and
Transwell assays were employed to evaluate the effects of these genes on the proliferation, migra-
tion, and invasion abilities of gastric cancer cells. Results: Database analysis showed that the ex-
pression of DNPEP and ALDH18A1 was significantly upregulated in gastric cancer tissues, and high
expression was associated with improved patient prognosis. The MKN-1 cell line exhibited moder-
ate expression levels of both genes (P < 0.001) and was selected as the cell model. RT-qPCR con-
firmed that siRNA could efficiently silence the target genes (P < 0.001). Functional assays revealed
that overexpression of either gene significantly enhanced cell proliferation, invasion, and migration
(all P < 0.001), whereas knockdown significantly inhibited cell proliferation (P < 0.001), invasion (P
<0.001,P<0.01), and migration (P<0.001, P < 0.01). Conclusions: DNPEP and ALDH18A1 are highly
expressed in gastric cancer, and in vitro experiments confirmed their oncogenic roles; however, their
high expression is associated with better prognosis, indicating a discrepancy between in vitro and
in vivo functions. Their mechanisms of action are complex, and they hold promise as diagnostic bi-
omarkers and therapeutic targets for gastric cancer, though further validation through in vivo ex-
periments is required.
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1. 53|

& (Gastric cancer, GO) & VH L R G0 WHSEMER R, KRR R ERIN, 2HEEHISH B
Ab T SHY B[ 1] AT s, TR B A A A R B 2R L, A ORIE T N A1 28 = (2],
Ty 7™ B TR B Al R R R o H AT PR 6 B e VR 97 A A AR R R A 8k v =, H 1
RTTRFERI R B, BEBAATE R AE, KW S W mAC3]. Bk, RS B a0k
AT AR 7 FRE A, R FOT R 40 B e . TR SRR AR, X B IR IR I2 9T SR R E
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EHE

KA R K (Aspartyl aminopeptidase, DNPEP) & M18 K S i H v B R 57 I A it 4 8
I, TZAFE T A AR (4] [5]. ZBEReR A IREE N sm RA IR E:, S 5EARN
. AE S S MA B RE 0] [7]. BUAIEERY], DNPEP fE45E e . LBV, PR haRik
e, I AN . IE RS IR R R R (7] [8]. BLAL, DNPEP [ Ifie BAA A VR bk
EANE P RIB S, RIEIERO]: MAER RO A i mERE, 54 RBUGEHERM4].

5 DNPEP ZKfl, ZMEEAM K 18 it Al (Aldehyde dehydrogenase 18 family member Al,
ALDHI18A1)/2 M2 BRAE 2R & UV B R B, A E R AR E IR LR, EAEAMmIZ 5
FRAR I8 2%, 4 R 24 B4 L FR AR ) 0 5 RE S RF[10]. ALDHI18AL 7E 2 HU MR b &AL i, I R4 RNA
SEEATEMEI][12]. Z Pl RS ERE . KRG, 40 A JERe s, . 4
Bl KR EFER R MEER[12] [13], $oRHnT Be BN MR G I (118 7 8 55

R A FiRE DNPEP 5 ALDHI18AL 7E 2 Mg v i) e o K08, (HPE 72 B h I AEY) D Rk
AN B . A ST IE I 2 B e iE S (R 2H K (The Cancer Genome Atlas, TCGA) 5 i) (Stomach adenocarci-
noma, STAD)E#E e R I, — &7 Bt B mkik, HaRid s 83 RFUS A, ik, A<t
FLik#E DNPEP 5 ALDHI8A1 {E R X R, @it A SN i D) B 5258 3 AR — 350 B 4 i sl e . i
8 S AR 225 R A, DU e B e 7 AR T S S AR ) A SRR

2. RS RE
2.1. BUEEES T

f& B UALCAN T H 481 TCGA il & B 90l 7 &k, %F Lk DNPEP. ALDHI8A1 7R A4 5 IE %&b
JIES PRI 0k 22 S M TR FRR AN B 3 S AE A7 AR B o FIT P 5000 P2 s 8 FF ] SR B AR AL B, W5
KW S NAR K 5286, B FRAC B AL o

2.2. SEEMRL R AL ER

B M 2 (MKN-1. MKN-45. AGS. NCI-N87. HGC-27) /% GES-1 ZH}filJ Ff CTCC. RPMI 1640 %%
773 (Hyclone). F12K K:37%5(Solarbio). ffiZf-Ifli& (Lonsera). T % % - 55% % (Biosharp). Rl MRS
#h ¥ W (phosphate buffered saline, PBS). CCK-8 (CTCC). RNA #EURFI&(ILHEAR), qPCR RF M [
SEEF(AL T K #3E), Lipo8000 (Beyotime), Matrigel (BD), 4%% 5 FIEA (- iHETE), 45 b L A9 M % 72).
X3 COy B5 954 BEFRX(Thermo), 18] E & MEE(OLYMPUS), 1KIE B LHL(Sigma), 76 E R PCR 1X
(ABI), it 4HHI{(BD), Transwell ZNZ(FALCON), i TAE G (IR ZZR).

23. @WRRRSIEF

MKN-1. MKN-45. NCI-N87. HGC-27 J GES-1 i & 10%/54- & & 1% % & - #% &1 RPMI
1640 }577%E, AGS A& 10%064- M35 & 1% 585 - FiH RN F12K 8595, FragifyE T
37°C 5% CO, HITEIE B F-40 b LA RE 9% . R RT-qPCR Kl iR 40 f#k - DNPEP 5 ALDHI8A1
) mRNA FIE7KF-: F AR AL 30 KA KGR, S0 Rl J5 2R AT 404045 2] 5 RNA, BL A260/A280
FUME 1.8~2.1 A4EAEA4%: HU 1 pg & RNA W% & cDNA, UL GAPDH N2, {f/ SYBR Green %¢
JEIE AT Real-time PCR 473, BLZAF 9 95°CHIAEYE 10 min, R4 95°CAEE 205, 55°CiB-k 20, 72°C
ZEAH 20's 3k 40 ANMEHE, KR MR T ISR YR s SR FARX B BV H AR R R IA B, ik R
TE A AR TS SR O
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2.4. siRNA 5 3 K F A IEE

DNPEP 5 ALDHI18A1 2 [H ] siRNA [F51 B _FifgA: TAEY) TR AR AR Wit& . Rk E
THAFI, KU FHPECE KB MKN-1 AUEBEA T 6 FLIR(S * 105 4/4L), KL BOVEE S 8 Lipog000 i
FIHE % 3 F AL sIRNA BUPIVEXT HE(sIRNA-NC)F J N4, RFLIE R E AW 100 pmol siRNA. 4 uL
BE YR S T I 1 IR I (AR 125 uL)o 5L 4~6 /NI JE SE BN e x93, k897 48 /N, BEJE
¥ 1.5 PR 7 3R B RNA JF4 5 cDNA, i3t RT-gPCR Kl mRNA 7K°F, UL GAPDH AN %,
K FIAHXS € BT AR R &, Tk TR R S 1 siRNA H T 5 22D RE Sk . RT-qPCR 151 4F7 41
WA 1, RNAR R A SRR 7 BE H A SYBR Green ¥4

Table 1. Primer sequences for RT-qPCR
%2 1. RT-qPCR 3|45 7%

514 FFFI(5'-3") PCR =K/
DNPEP(Human)-RT-F GCAGCGAAATATCAACGAG 249 bp
DNPEP(Human)-RT-R TAGGCACCACCCAAGACC 249 bp

ALDHI18A1(Human)-RT-F GATGCCATTGACCACA 249 bp
ALDHI18A1(Human)-RT-R TCGCAGCAGCCACTTA 249 bp
GAPDH(Human)-RT-F CGGATTTGGTCGTATTG 151 bp
GAPDH(Human)-RT-R GAAGATGGTGATGGGATT 151 bp

2.5. 5 RNA iI2Bl5 cDNA &%

SR HER AT RNA FEHGAFIE U, PRI HANMLE RNA, 58 A L 43 6 6 FE TR
WS . B 1 pg & RNA, &4 CTCC A w3 R &8 /Efere, 1F 42°C XV 40 min. 85°C Kif
5 min (1)1 A cDNA.

2.6. CCK-8 {ApatEsa i

N B MKN-1 iR E 4 5 x 10% cells/mL J&, LAEE 100 pL #:F0F 96 FLAR, T 37C. 5% CO»
B4R R 5 7R . £ X DNPEP 5 ALDHI18A1 PMEEEE, o hli B2 AN SEMAE A, B
PEXTHE siRNA 4 FED TP S B PR R IE 2 . # 4 K A Lipo8000 % 447, RESLIL Gethk 2 5 ikl DNA
100 ng 5% siRNA 4 pmol, EAAEAIERUIABEAT. Y 4~6 h JGHEIONTE AR IRE:, 859 24 ho Bl
JaBFLINN 20 uL CCK-8 X7, BEYEHFHE 1~4 h, {HHEEARUEN 450 nm BRI, DLFAS &4
Yl A 5 7T

2.7. XIJRSCIA M AARRIE R

¥ MKN-1 40073 4HIA 1.6)LA 5 x 10° /NI FEHAP T 3.5 om #5351, S RORE 7% 28 40 ik & FE ik
90%. YR 2 mL SEARTFRI, 1% 1.4 THTIR T A BC I G IR G (T 2.5 pg JURL DNA BX 100 pmol
siRNA J 4 uL Lipo8000), 5N AEIGFRILp . Yt 4~6h J5, B NTERIEIFREE, RS THFRMT
A EEFRE(16~18 h)o YK H, I 200 pl J6 B # Sk 7E 55 77 LR 2E BRI — B4k, PBS 30k 3 IR 2Rt va 4 i,
I TC M58 IR HE 425 9% . TRIRJG Oh J 24 h 7R3 B B4 R IR — A B8, [ Image J 3040 &
KYREA, HEMRTEREREYREEZE = Oh HA —24 h A0 h HF *x 100%).
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2.8. Transwell &0 £ApRIRZE

Matrigel 2/ T 4 Cid R 5, A IMLIE R 7R 5 4% 3:1 LuBioRe, HX 100 uL 35164 T 24 FLIR
BCE Transwell /N%E 13, 37°CHEE 4 h A HBERETE BN TR . K% 4s 24 h J5 1544 MKN-1 20 (5
HIH 1.6)HLEER, HIMIFEERFREAEEE, M =M 300 uL IS5 5 x 10° N HH), R
A 600 uL 7 10% FBS [5e Ak ikt £59% 24 h 5, Wor sk, PRI R R B sk 2%
I B 2 5% B Matrigel BSs PBS ¥50E 2 IXJ5, DL 4%2% 5 W 2 I B € 30 min, 2554504t 10 min. 3254
W, PBSIEMETRHH AT, TRAEE FREMUER > 5 MBI, THFE 2R ManEs, L
VAL AN 2 22 /e

2.9. GFESH

] SPSS 26.0 #A4X LI HAT it b, FT A SLIRMAIEE 3 Ik, SRUME £ hnilEZE
(X £5)Rm. IR LLEATCIAT IEASTHRR: 1B RH T Z 001, A IES 040 B R ARk
. PLP<0.05 AERE G #EX.

3. 58
3.1. DNPEP X ALDHI18A1 7 B & A4 dh ) FRIA4FE

FTF TCGA B JE(STAD)AFI(415 Bl vs. 34 555 1EH), DNPEP 5 ALDHISAI 7£ B 4141
HR R IA K B3 T I . I 1.

Expression of DNPEP in STAD based on Sample types Expression of ALDH18A1 in STAD based on Sample types
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o
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Figure 1. Differential expression of DNPEP and ALDH18A1 in gastric cancer tissues and normal gastric tissues (TCGA-

STAD database)
1. DNPEP 5 ALDHI8A1 #E BEARS5IEE BHAPHIRIEES(TCGA-STAD ¥iEFEE)

3.2. DNPEP X ALDHI18A1 RIAEBEEEFEHNXA

A A7 TR, DNPEP 5 ALDHI8AL maRiAZH M A7 S B E K TRERIAH (WP = 0.01 fl P =
0.00094). W14 2.

3.3. FREIBEMAP kS DNPEP, ALDHI18A1 HIFRIE

RT-qPCR il it 7~, DNPEP A2 ALDH18A1 fE % B 4t fitl & b (1) 3635 22 & T GES-1 (P < 0.05).
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H.HF DNPEP 7E AGS HHRIEHIL(P < 0.05), HGC-27 1 H(P < 0.001); ALDHI8A1 /£ MKN-45 151
(P<0.001), HGC-27 &= (P<0.001). MKN-1 4fi}fi " DNPEP 5 ALDH18A1 [FIRIA R T % B w4
MR Z (8], FREACEHFHEH (P <0.001), FSLEEILAE N G 4R 4 D RESLIG AN B . LA 3.

Effect of DNPEP expression level on STAD patient survival Effect of ALDH18A1 expression level on STAD patient survival

075/ 075
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p=0.01 p =0.00094
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(a) DNPEP4: 17 Hhi 2% (b) ALDH18A 1477 i 4%

Figure 2. The association between the expression levels of DNPEP and ALDH18A1 and the survival of gastric cancer patients (TCGA-
STAD database)

[# 2. DNPEP 5 ALDH18A1 FiXKFEEBEEEEFHKXR(TCGA-STAD HIEE)
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Figure 3. mRNA expression levels of DNPEP and ALDH18A1 in different gastric cell lines
& 3. T EB4AZE+ DNPEP f1 ALDHI8A1 #J mRNA Fik7KF

3.4. TEI%IER DNPEP #1 ALDH18A1 IS {EHFET

DL MKN-1 40/ 88, KA RT-qPCR il % 44 J5 & HFE R mRNA FRIAK (15 4); SRRk B+
X L (15 MKN-1 40 ) Al 9 PR 06 BB 2 (55 4 siRNA NC ) MKN-1 Ziff), #5240 (] $E 3L R R 1A T 2
ZEF(P>0.05), M ##E M) siRNA 44 f535 7] 2.2 1 1] DNPEP & ALDH18A1 KA (P<0.001), HH siRNA-
140 X} DNPEP. siRNA-1546 X} ALDH18A1 HFIPTERCR B3 P < 0.001), #EILIER LR &7 5 T
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ns AZER LG HE L, ™ P<0.001,

Figure 4. mRNA expression levels of DNPEP and ALDH18A1 in MKN-1 cells transfected with different siRNAs
4. $4R[E siRNA [ MKN-1 4iffi5h DNPEP 5 ALDHI8A1 mRNA H9FRIEKF

3.5. CCK-8 4ApidsEsSCIe 45 R

K CCK-8 461l DNPEP 5 ALDHI18A1 Xf MKN-1 40858 iE PE Ao . 45 o, 2S8R 4ap
THC B X B 2 2 3% g S5 o0 B AR LA T B 3 25 (P > 0.05, 18] 5); SAHRIX R4 EhE:, OE-DNPEP.
OE-ALDHI18A1 7] i 42 = 40 M5 /1(P < 0.001), siRNA-DNPEP. siRNA-ALDHI8A1 NI i 2 #1011 40 ff 1%
71(P<0.001), W] DNPEP 5 ALDHI8A1 W] IE[A] % MKN-1 40 (3654 g

3.6. XIIRSCEGER

RIJR S8 45 5 R, MKN-1 %5 F141. Vector 415 siRNA-NC #1 [a 4T #% fE 2 5 L gt 22 m (P>
0.05, ¥ 6). 5 Vector ZHAHLY, I FRIAHANMITFE RE /7B EHI5RGY P < 0.001); 5 siRNA-NC 41451,
DUERZH 40 3T % BE ) 5 35 BRAR(P < 0.001, P <0.01). 45 S #27R, DNPEP 5 ALDHI18A1 1E F{2 ik H J& MKN-1
N AIEFE
3.7. Transwell SEI&4E R

Transwell 12285286 45 £ B IR, MKN-1 2 A4 . Vector 205 siRNA-NC A4l fiifz 2&ft h =R TR E
ERP>0.05, K 7); 5 Vector HAHLL, TRIEHAMIFZZERE 1 BEZHEREIY P<0.001), 15 siRNA-NC

ARLL, TTERH AR 22 A8 12 FF&(P < 0.001, P < 0.01), _Li&%E 5% DNPEP 5 ALDHI8AI i IE
I 4% B MKN-1 41 1R 2268 77
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€ 4504 S 200
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& F 1004
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gf# S g& @& SN

(a) DNPEPX{MKN-140 3% 77 (182 (b) ALDH18A 1% MKN-140 35 71 20
ns NZERLGHFEE L, P <0.001,

Figure 5. Effects of overexpression and knockdown of DNPEP and ALDH18A1 on the viability of MKN-1 cells detected by
CCK-8 assay
[ 5. CCK-8 #ilid & K A fk DNPEP 5 ALDHI8A1 3 MKN-1 £BA7E 1Y F20E

XIEREE TRABERSERA DNPEPITRIAR  FAMTFHERA DNPEPEHEH

(a) DNPEPXIRE: T B4
YRR ITRIARBMIIREE  ALDH1SANTRIAZE [AMETHIRIREE  ALDH18A1RHEA

(b) ALDHISA1RIRE T E&
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AR R (%)

3%k 3k k sk %k %k
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* %k %k —kkk
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80 —
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40- 5
D 40—
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‘& “%' ; 1 1
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%> \%? NN AR S
%f7 @Q’ %32 9§ SIS
Yin K 2 KD
2 A ¥
(c) DNPEP:EB £ 45 it (d) ALDH18A T B £ 4i it

ns NERTE R, “P<0.01, *™P<0.001,

Figure 6. Effects of DNPEP and ALDH18A1 on the migration ability of MKN-1 cells detected by wound healing assay
& 6. XIJRSCL4M DNPEP 5 ALDHI8A1 ¥ MKN-1 4AAEiE# 66 HAZZNE

popiiceE] IR R DNPEP¥RIAE PRI RRZE DNPEPR&{EE
" - : i3 ' M
‘B | _ SR Gl / /93 " %
F) o L. g . X e Y
» ! AT ' ods o
AR W . RSP,
“ . “ k 4 * 4 ¢
B : / ~ » . .
b Tk b JERUR * V0 0 OTCRR SRS T
’ EEELR : %SRRI Y e
v ARGl | AV e i ¥ v v ~
(] R (] " ’\5 ‘ «‘, a "':. 1 ,‘ “h ’ 9
" $lens \.3: &\ : v N\
i g S, A'/ ( g“ Pt g ol
LR £ “' ‘: : 4 U.". 2 % K ‘. vf‘ - A
. ’o K B ! a0 ‘ ) . , é
iz ’ <) Py, J . )
pupiiEtiz] ERAREMXIERE  ALDH18ANERIALE  FAMTHIXIRRE ALDH18A1BYHKA
(a) DNPEP 2 ALDH18A1 Transwell%5 5 48 Ju {0 |84
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%k %k %k %k
ns ns
3k %k %k 3k 3k 3k
50— ns k%% ¥k ok NS kk*k *%
80
__ 404
< 2 60
m 30 ~
;ﬁ %40—
% 20 =
ﬁ%‘ =
0- T T 0- I . [
& F P & F & &P P F
SR 4@8 2 P F S F
& P & NI AN
%ﬁ'ﬁa Q <5 _%;%‘ S »
(b) DNPEP{Z & 41 fu ¥ 4i it (c) ALDH18A1Z & ¥ % it

ns NERTEG RN, “P<0.01, "™P<0.001.

Figure 7. Effects of interfering DNPEP and ALDH18A1 expression on the invasive ability of MKN-1 cells detected by Transwell
assay
[#] 7. Transwell SE8 463 F# DNPEP & ALDHI8A1 FRiAXT MKN-1 4R ZE 8 R0

4. W

DNPEP 5 ALDHI18A1 @ AU ALMIE TCGA Hid Fe ik th ¥ B i 22 e RIS HE K, —FAE 2 Fhiig
HSIAEAE R ZRIA[ 7] [11], ARAE B P 0D ae K& 1a B SCHAS B . ARSI iR R B, 13 1A DNPEP
8¢ ALDHI8A1 1] 3 {23 B AP s . 1T S =28, mdfik — 2 W 2B R 8, $m % 1E B A
Moy BE R FEGEEVE . 4R, TCGA A7/ HT.7~, DNPEP 5 ALDHISAIL =ik 5 B B R
JERADG . XA SM AR TG PR F0US SEAE IR 1R, T ReUR TR N AMSRRL 22 S . B TR 1Y) 22 B Ty e g Tk e
B Z=rE14].

é%,ﬂmAiﬁﬁﬁ&%M%Wf$%wwmai% SO BE RIS EiRIE . AREPIRES
JAE F e KPS LEAAE B RSN S 90 SR £ T MR 4 i B S R AL, oVl Sk N B 2R 1 B A
ﬁﬁm%ﬂﬂoH%,MWH%MﬂNHMJE%%K$%%ﬁ%ﬁEW%,%K%é%ﬁ?ﬁ&%%%
IR LS J I R

FR, ALDHISA1 Z5MUEImfE . A Id J5 T4y Jo S LSRR 15], 78R A AR R e v R
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