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Abstract

The incidence and mortality rates of malignant tumors of the digestive system (including esophageal
cancer, gastric cancer, liver cancer, etc.) have remained consistently high. In 2022, the incidence of
colorectal cancer, gastric cancer, and liver cancer accounted for 18.8% of global malignant tumors,
while their mortality accounted for 23.9%. Currently, in research on the immune-related mechanisms
of digestive tract malignant tumors, three key molecules—CD13, CD28, and ARG-1—have become core
research hotspots in the field. This article systematically reviews the molecular structure, expression
distribution, physiological functions, and pathological associations of these three molecules, with a
focus on analyzing their expression characteristics, mechanisms of action, and clinical significance in
digestive tract tumors such as gastric cancer, liver cancer, and colorectal cancer. The aim is to provide
atheoretical basis and research directions for the early diagnosis, prognostic evaluation, and targeted
therapy of malignant tumors of the digestive system.
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1. &

B BT R 2R AR R N IR B A PR R, e RO B A BT, O R TR AR ) K
Ho, WL RGURVEMER S SR, BE. e, HIE. FiVE. SEES)NERE ST R
S JE S P R T 471 o 2022 4F- 4= BROW M R A R A SR, S B B TR IO RO RIS AT /N AL,
=H A 18.8%; FETHRIMHIRTHAL, Aib b 23.9%, EAREEEARGEESY, KR
TR MBCT R A B, FERRI . JE3EU. T SRR, H& T4k R SR Hh FE 1 2R g ey 1) 32 22
JRER, I 5 st [X R I [ SR AR S 7 (i A AR A E) AV & IR (i IR AR B i FE RN AT AT B R
WOE SR R B VI O[] MR NANAEDN, AR st TR i m, R EE R R i B R R R 5%
R KT HL X BT 98 () B G 6 R 5 [2] [3]. 1988~2012 F¥E B, B, . FESMNIk RGU8iE
RS T RS, 1K TG 5 T v AU PR 2% T 36 it 140 A A0 it B e i s 25 00 I D F T Jee [4] - SR 7T
BRI RGO RE AR RN AE, SR — DR — . TR RIS IRTT, DARRRIL R
RIBET-R, AT AL P AR

2.CDBB EPEHUHRESERE. FE. EEMENXR
2.1. CD13 B 4=

2.1.1. SF&a&Hl

CD13 (Cluster of Differentiation 13 or Aminopeptidase N), S Fx A 4R 2L PR CD13, [FRf 2
IS T S Ik 2 5 IR (APN/CD13/ANPEP) . B —Ff 11 ARUAK e B9 1 M MLs & MK, 7E45H) b3 2RI
R RAFAE: — AL T-4UMME i 1 2RS4 75 25 4 (160-KDa), & A Ay A i 45 & 1 X 41 i P i 4
%) 240 B 5 [=] A 32 (110~130 kDa) [5]. FLAeARSe /KM aE B IR K] N-R o e e s, ol vh itk U B R 1 /R F IS

][l
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HER[6].

2.1.2. RiIEH

CD13 ) iz RiE T Z MU AN, Wz WHE. M. MRS, Isk. N, FFIERI SR, 7155 U
L SE R W L B R[] EAEE BRGNS R AR O R A, AR AR TR PERR
s A iU R vty SIS R o a2t i O P B K b NG N S BB ER 21 T Rl D S E s A | T B

2.1.3. EIHThEE

CD13 (K iz (R IETE AR e, WA Z ThRERE, 25 2 M4 BAR EE AR . B TiRe S
FRIENT B A YIARDG, A PRI Re GRS R UR T o AU (i T8 i ik DK P4 78 A0 e ik R VS i DA BB 0 5 1 o I A,
B iR 2 58 H MRS PUREE(ES MHC 1 2297 ERURIK4IMAMEST, 4% DC L&k 1 2%
RCABEARLE G 1)« s, e s s Th e, SO RN MR AHEEEACH, DARAE KK
15 CD10 AES SRR . 8 Sk 3 1A, s2m i & 0 i 208 835 [9] [10].

2.14. IRBXEREATEHREPIIETELHNEN

CD13 AMUAE IEF AR BRI AT R LRI, o BERak . 2R AN SO th 5 e 2 HoAth 22 Fl A3
PR BB A . H 1958 4 N. Engl 555 B H S RE IR s 5 ToRg 0t Je 2 TA) (R B R DAk, a2 SR U 5
SCEARAN Wi 4R3E CDA3 TEMR 12 Wt S S Sl2 Wb )iz B F[11], JUIAE BR[12]. IR [13] A [14]55
THATE SR, CD13 HIRIE KT SIS ML S R A s 5 . (228 e it FE & U0AH G .
HAEZ PR b 2w mRik, BSPERE. 2 A RIS B, ORI 711
TG AR SRR ITHE i, BT CD13 72 MR b (1 RE e 1 i ik R D R B2, H AT SR 2 Pl ] SRS
RGN FANHRIFI[L5]. e FEPTA(MAD) [16]. BUAZIEEI(ADC) 17155, &4 Stk NI PR A sl
IR R o

22. 5BE. FHE. 4EENXAR

221 BE

Nohara 4B AL WL, CD13 fERE{LME B dui ik, 2@ M E RIS . K1 iR
FEAHM . EDAN M EANERIA,  HLT1 R S P I TR 8 R 1 R K ) B e R CD13 Rk KR i [12]
TREAPHEE T 117 5] B AR VA AR R AR A AT S e AR I, H50H BoR B4 CD13 RiA/KFRE =
T, HSMRRE . XA ELE R . BRI IR IR S R e hr M 0%, CD13 mkik
BHEARSG 5 PR R FEMTIGRIAZA[18]. /NIRRT 100 1] 5 B (ka5 R 4 S5 IR 4H) 1)
WAL IRIESE, B2 CD13 RikmT1IEH BAHY, HAMEEHEEREKFES[L9]. LIU FEd—5
WEFCR I, HEmE A CD13 A 520 15 i 4 Ml B AR 28 6e /0, ATl B4 #4[20]. 47 b, CDI3#£H
e R B EEER, o8BI E AW, UGS &0 PR T R R S %

222 £EGE

Ye 2%} 49 5K 45 B (EOCRC, 4R < 50 %)F1 50 iR % I 4% B i (LoCRC, 4E# > 70
DYEEPAAT RNA T, SR ER, HERTIEFHZ!, EoCRC il LoCRC Mi#E4HZ CD13 Kk
#EF+E, {H EoCRC F i CD13 FKiA/KF- R F K T4BIL 1% 4141 [21]. Hashida 55X 47 519k [ 25 FH P 45
[ B A Fi R, APN/CDA13 ik BATE R AR fF 25 B2 i T BRI R 2, 8k mT 8 APN/CD13 FH %
FIK T RE BN 25 s R EL G5 BH PR R 2 TRUE A R 98 AR[22] . SRT, Saxena S5 (A FUAIE B, 451 B3 35
APN 7KFEUIC, H APN I8 45 W b R ARIRAE R 74X, 980018 14 98 E 175 45 W e iR T [ 23] s Lukanova
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S A BTG CD13 /K15 45 B Jo R IR [24] - H I W F 45 RAFAE 22 572, I 5 B TR R P 08
EERINIE TSNP

2.2.3. FHE

Yamanaka 55X} 86 f5i4% 32 v 1 FFF U BR A IR -4 i s (HCC) B8 3 bR ARl & B, CDA3 /K T2 s
RN A R AR R RS . PR R N K [14]. AT SRS, A4S APN RikE T
TS H L, H SR RN R A IR 1R 22 RE ) S e B IEAH R [25]. Ml b, CD13 i
J5E Rk 22 S P38/Hsp27/CREB {55 Jm i, PR il 40 g 25 4 2547 2 (WiBH W P38 B CREB 1 {#f HCC 412
Xof B-FRU bR B UK ;1T CDA3 A 771 1 24 55w ml I B w40 Y Ve M SRR (R R T, R 50
PRIEE VRN 22 2 LR (36 T7 RO [26] [27]. % CD13 S5 KR . WITIR 2% V)8, IR
W SRR R, BB IRTT 77 £ UEETE .

3.CD28 WEPFEHMHRESERE. FE. EEMENXR
3.1. CD28 =454

3.11. SFLEM

CD28, x4 Cluster of Differentiation 28 (a T-cell co-stimulatory molecule), #&—Fb# & A 5244, I
AT Gt FIA TR IRy 44 kDa FIREEEAL — i He A 8 — 54k, JL48 220 MR RR[28] .
CD28 L > T KR QAR A 57, S0 B HoAth B SA €045 1COS, CTLA4, PD1, PD1H, TIGIT
BTLA. CD28 FKJ& i A VF 2 IL[EIRHIE, 1K L8 52 44 ph %8 152 3] B/ 25 JEE 225 A SR 2 DR B 5 8 1 ) 4t
JoR S5 R IR BT ) VR 928 TR B 1R 2R (19 SF) 285 A4 Sk 4 B [29] -

3.1.2. RIESH

CD28 1E k%) 80%[1) CD4* T 4Hfufl1 50%[¥) CD8* T #HJfl 363k, A& CD28 FHit: T 40 i Eb il pE %5
RS B3GR R FE[30]. EAAEHAMAHAR R PRI T CD28 R, ARG /NEE I, KA. b
PERLAN A A R PRI AR i, (EXX S i b CD28 1)L Re B B i AN B A [31]

3.1.3. 43ETHEE

CD28 [MIhEE I BRI I AT 7T : — BN T A I(E S IBORE, R E 5 L
P 4 PN 2E A AR (U R S B TR L), FRr AR T 4 A 3G A0 o1k 2 00 B B (1 41 R
T IR T R AEEE S, DIERSEIGIESE CD28 1 CTLA-4 Xt T 4 i ) 3 B A A [ IAEH], CD28 $i it
BUEE S, CTLA-4 #&4UIGIE S, —HILFESH R E[32] [33]. CD28 HJ g 15 5 4t M r= 4 Hikak
1EiE, A BARIE AL — Pt 7i[34] .

3.14. IREBXEREATEHREPIIETELSREN

CD28 I1E F B A 40 M S BUR R BE AR 14 - ZER 0 R0 T 40 B 184 58 A0 2082 D e 1 [RTBF,  mT i i 1
R T 4HM PR ThEg, P AR B e R S HT R AEHI[35]. CD28 Y2 iA /KT D BEIR A B 5C 18 i vk 18
AT E R T AR B TR RAS, w0 T oRs . 1 B S SR M TS SR T RN o 4 BE A
FKRFE, (£ H G RAEREMTEO T, W RMEEIE SRR ST R B B B HE R R B%, CD28
ik 2Tt = [36], [F CD28 fEMIE A £k IF 2 5 | ki, AN A B [37]. & BER [31].
JTJEE [38] 45Ttk iR ) ik FE A B B VDI 5Bk . J5 T CD28 “HLHliTroe” mMIshfe, @it i AL 25 1 o
G 325 (PU 8 ) ECA 1) 2 24 P H ) G2 (VR 9T B B IR IR AR HE ), & CD28 HEIAIVA YT A% O SR IK [39]
[40].
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32. 5BE. HE. S4EENXAR

321 BiE

Li S5X} 54 5] B B 38 I ARAR AR 1 7 BT R BH, i bR i3 T R4l I CD28 FRik/K-F i E
TR AR, HRER R REE DD [N, FiEARERER T CD28 KT m TGt e S
371 NEHI R ThRETE Hp 2 4F LG 2 S N B ds, BT LAAHOCHIF FE7MIESE, T 4 I CD28 ik /K
AR B AU 41 Li S50 120 54 B R B (2 A BE T RS D) BR AR (EMR) AN FAAR A 24H) 1 AR i
RJG CD28 /K- FRIFM I, KRIFAARG CD28 /KT E m T ARAT[42]. bR, IEH R
f P S A1) B R AR R S A AL, PR AR VA M D) R T G S TR

3.2.2. i

Maki Z5x} 53 {71 T4l i (HCC) g A AR S Ak e tr, 45 R EEJR HCC &34 CD28 Rk LT
IEW N, PR AT RE W] B 3245 [43]. Hsu 5%+ 45 {51 2B T 28 995 75 AH 2 1 T e 28 3 G I 5 26 W,
JHF- 40 B 32 T bk EL 4 B (TIL) H PD-1 3R i T- 40 A bk B 41 g (PBL), 1] CD28 KA T PBL, 3£ CD28
55 PD-1 FREAHH B2 (PD-1 /& 3k F bl CD28 (IR, S IMR) [38]. HH T4 y% i % (CD28) 5 41
1368 4% (PD-1) (P17 1 52 098 3 UL AT 4R B i e (o TIL 3 ERIA PD-1 & SEUN RIS MR %), HifH
WFFTIESE HCC 3% PD-1 PHERIE 5 MR K/ # . IE7KAH G [44] R n]HEN CD28 ik /K-F ] feth
55 JFR 20 M g I PR BRRFAE AR AE G, (RGP IRIIE

3.23. EEWE
PN XIS 06} A48 151 45 Ry 5B IR AL S R U 2 R (Feth B 45 3 7 5 5 o 2 ) ) A AL e B BB

IR S5 A 2 R IR I R 2 41 23 CD28 ik W IK T R4, i CD28* T 4Hifilys/b v fe 5 45 s
RAER FERIPE[45]. KUCUKHUSEYTIN 264} Lt 80 745 B i 8 % 5 115 # & 11 CD28 /K
T, RBUE MM TE CD28 /KT 5.3 T HE[46]. MAO 5%} 103 1145 H 7 #3430 42 154 A 30
2 R SRR R LTS bR AT FU 4 AR I, 45 B e FR P AL EE CD28 7R A (1 L ) I 52 A KSR T 1E
WNFE SRR, (HMARKI CD28 RIA 5 45 i g i FLURFE s AH G, A A RE 15 DL B A
SRS R BR[4T] o BAMORTE, BESS Bt . ¥ B Rs, AT T 4UMS R, mlie T 40
B S PE T =, MUK S DhRe 2 AW, i {2 2 I 3 Bl 7%

4. ARG-1 WEMEFMEREBRE. FHE. SEBENXR
4.1. ARG-1 =414

4.1.1. 5rFEH

¥ 2 W i (Arginase-1), J& —FfA1E TR ZHLME, £ —MEESEE, S L-BEEaRN L-Y
WES R PR R B . EARE TN . BR. Y. EEMESH RS Y, A N B B BLAE 4N
Wi [48]. KZHTCHMESN Y K 4 b AN B RO — ROl sURRS IR EG, & A7 T Zkifk, BN ARG-
2. 1A MES Y I Foh LR 3% AR 2 RE MY, IERILEE P w0k, B ARG-1. X
Tl B J5R R0 2L A G R T 5 A4 44 0> ) i 44 9 ARG-1 (A1) Al ARG-2 (A2) [49]. A& Al i 322 a3
FRAL R, X ROEAIEE 3 A 20 i, 78 15 A IR BRI A — AN G HEAL . B A
REBEMES T TREK. GNUENBETEET o Fik, H—ATITH 8 # g 4L,
P& VF 2% a-BE[50]. I 7 FioRs 20 IR G 0 20 5L A AL B B, 7 ZEERAE R 1, JF AR
PIAH A -
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4.1.2. RiEHH

FE— L HES I h, AL FERPIE. ZL4AN RIS € S e A MR A rh R0k, Ty A2 6B b e R0E, JF
HILAE— S HA A b R0k, QG R PI R [51] . K 2 MR v] 76 2 A 28 b ik, HIHL R AT
ZREMAEAEE S, BRRR T ARl

4.1.3. HEBIhEE. REXKREARERSOAETTBREEN

AR IR LA M I S A A Pl R, I th 2 RO (s, AABR. MExkam
DAEIFR[52] . HEHEAS 2R MGG T RE S BV B R, SRR ZAL, BET B U 1 AT . 0 A
PERBFETC[53]. (EHR R R BRI 1L B2 18 n h m] R8-S BUMAE A1V H M8 2 L 2P 4ELANREAL, oA JIE A
HERANLFHEL, APLBAT VEZR A 104 KAEE I [54]. SRBRERT TR, th ARG-1 AL 10 L- SRR
BE— AR B 1, T 20 2 A0 20 PRI B8 1 0 75 B2 (i 2t 88 B4 [50], ARG-1 7 2 I [55] B
JE[56] JHHEE[57]55 2 MUl M R h v s A S R 0 1L K AR SR UG ARG, o HEnT REfE
N EITUEAR S LAFAEA LRI /1. H BT ARG-1 /ENEE VAT RIRT Tt e T 2 1% ARG-1
I FI[S8] BRI T [S9] LIRS IRIT[60] =5, IRABTFUH SRR R R, A B ERST
T T FIFECE TG - (5 ARG-1 IZRIEAKY K D BEAE AR R SR A B rh A2 e R sk, it AR Wb
EWEE(In ARGL RiE . FEERRAKF)YIRAIR T 75 & .

42. EBE. HE. SEBENXR

421 B

BRAE XS 92 il i A IR AR A S R AR, S5 5RR ] ARG-1 KI5 B TNM 731, &
FRIRAE . M RERE . RS R S ARG, 7 ARG-1 3Rl SR (R 2k . AR S e R
PIMR: R, ARG-1 mykikst B S TG ML R, MRS EE TR AR R R
TR EHGL]. FHEHRIY, FHEEANT ARG-1 mRE SME AN Ak, B3
FIEIKE 2 IR IR E (S R 3R [62] . AT, Wu 57 RO RIS R, RE BmASH ARG-1 /K
VRE T IR BRI, (AS5ME RN KA, BB, MRS HLIGRI BTG, Iz R TT6e
PR TARA SR D AR ZE 7 [56] . T B i H SRS R B 0 7T RE £ BE 2 KT T, BN 2 iR M
AR Z B OB AR — 8073, HAT B i) B e A A e MR A K 25 0T A B ki [50] [63]

422. E£EHGE

Gao SELELE W AL Bl /D AR A, WS E| ARG-1 RiA B3 M[64]. MA 55Xt 236 #1145
S BERERAR AT AN, 45 R BN g e 4140h ARG-1 RiA/K B T, HAS5ME 0. ke
B R 2 B R < 35 g/l WEMOE; ARG-1 iRk 5 8 # B AE A7 (OS) R L 4= 77 1 (DFS) A R Tl
JEAHDE, FRIAER OS il DFS W& 4i%, #2/~8 ARG-1 i ik & 45 i i34 OS Al DFS [ 7 i [
#[65]. WANG %@t sL30Ese, MamREESE S 5 AN R4 A iE®, ARG-1 7545 i B35 T 1k i
R RIE, HEGE RS AT . AR, ] ARG-1 & 1 o] REA 1 45 1% e 40 M S 1 5
[66]. FHULTT L, ARG-1 AL B i /e M AE IR S8, 0 n] B8 /& M A 45 e B 3 iV 7 B

4.2.3. FHIE

EXRAEXS 78 5 B A A A (PHC) A1 45 91 A £2 i (HM) 8 3 4 B 28 TS AR A (9 e R AL A e (L B
ARG-1 1E J5 i VI v S i P 3R IE , 7R3 8% M PP Hh BH PRI -G, #2878 ARG-1 /24851 PHC 5 HM
MR BURE . e R AR ic ), (HEEbR AR, SGRTAEAR. 2030 —PiiE67]. 4
GGE, ARG-1 7 R VEF A Mt 2k, RN AR R A 1 BRI s R kR R, R
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YT RIA[67]; B ATTA SR ARG-1 TEEVE T 2 R k55 H R IA[68]. 5 AFP J Herpar-1
FHEL, ARG-1 %01 J5 M FFF o 5 JH U A 7% e 00 S RS AN BURR MR B vy, L pR T DG R A -4 o R F 4 1
JFFE A 2RIE AR S8 B 234 T 40 B v P 5 5 B8 e A 8 SL[69]

5 RE

CD13 7E 2 F AR 20 i A s e v 608, H AT 20 CD13 7E 2 P4k RGUEM MR T mRIL, &
5T A XEMRE R R RIS MR, 1w HArrE—iA i CD13 i)
B ORSEF] AT R0 55 R E . AL R 2 2 L BRI RUR, FTLARSHR AW AT CD13 A B T sl ik R
GUBMER B TS, WINEIT A SO %, {HiE CD13 fE/NBE LR ni . B AFAIM . M N
YA S I N RGN Ra A B PR L, CD13 HIHRAITRYT v A T80 E Wi 8 S T REAETE ) “iHE” 45
fi. (EREFEEEMBPEE. FRESPEL, (RIE PRI BB 255 T KA BT SRS A
1k, CD13 #E [y 7 vEAT AR AR BN IRDRE HE VAT 1) B B B 43, 0 VA MRS AE vh R B E A o

CD28 FEEME T i LRk, WLRGUEMEMIRE N EE R I N E, fit CD28 I RKE
ik, CD28 1E 2 Ml R GRS OB Bt e . I BORER R A O BE, (H 4% RGUAAE T4, J0E
% (CD28) [, B #0138 B (PD-1) sk 2, H L 3 HAR BEARAE AL A f5 it — 5 01 7m0 hih
7R AR B . H AT BGE B 258 (0 CD28 #EhF. XUT) N PD-1 i 24 i S g e, sk AU 24
YU BT BV ) OO B e AR A HE IR bR VR T 2 —, (E2 B AT CD28 Bish 7 ml A4 Ve s 4
G T4, SFEHI™E R0, RORTFIE R Rt ” (U s R R 5 AR EeE) A A5 SR UE
YRR (ln T VP08 5% 22 5% A A 1 ) oA R A O ]

ARG-1 FEAE IEH WA A 2 Ml R Gt iR IE, 5 AFP I Herpar-1 AHEG, HURE 7 B2 S B
JERPETE S, BTLAE HCC Mzl 5 EERIER, [RIEHE B H = RIS WA R Gufie 3 1)
TG B EAEE . ARG-1 ME N TG bn & FIA TT 88 LB B0 7, JUHAE T | 45 B S B i o
JUE H AT B AR RIS o e T R, (B — B AT DL AR AL DRATRIT T R IR 2
PRI R, RS U 2 2 A A VAT SRS 1 R 2, ARG-1 A5 S R P8 AN 2T 4 AL VA 97 TR0 5 A5

SE

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R.L., Soerjomataram, 1., et al. (2024) Global Cancer Statistics
2022: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 74, 229-263. https://doi.org/10.3322/caac.21834

[2] Okeke, E., Davwar, P.M., Roberts, L., Sartorius, K., Spearman, W., Malu, A, et al. (2020) Epidemiology of Liver Cancer
in Africa: Current and Future Trends. Seminars in Liver Disease, 40, 111-123. https://doi.org/10.1055/s-0039-3399566

[3] Singal, A.G. and El-Serag, H.B. (2015) Hepatocellular Carcinoma from Epidemiology to Prevention: Translating Knowledge
into Practice. Clinical Gastroenterology and Hepatology, 13, 2140-2151. https://doi.org/10.1016/j.cgh.2015.08.014

[4] Zhou, Y., Song, K., Chen, Y., Zhang, Y., Dai, M., Wu, D., et al. (2024) Burden of Six Major Types of Digestive System
Cancers Globally and in China. Chinese Medical Journal, 137, 1957-1964.
https://doi.org/10.1097/cm9.0000000000003225

[5] Look, A.T., Ashmun, R.A., Shapiro, L.H. and Peiper, S.C. (1989) Human Myeloid Plasma Membrane Glycoprotein
CD13 (gp150) Is Identical to Aminopeptidase N. Journal of Clinical Investigation, 83, 1299-1307.
https://doi.org/10.1172/jci114015

[6] Feracci, H. and Maroux, S. (1980) Rabbit Intestinal Aminopeptidase N. Purification and Molecular Properties. Bio-
chimica et Biophysica Acta (BBA)-Biomembranes, 599, 448-463. https://doi.org/10.1016/0005-2736(80)90190-x

[7] Barnieh, F.M., Loadman, P.M. and Falconer, R.A. (2021) Is Tumour-Expressed Aminopeptidase N (APN/CD13) Struc-
turally and Functionally Unique? Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1876, Article 188641.
https://doi.org/10.1016/j.bbcan.2021.188641

[8]1 ZEJ1J}. CD33 M1 CD13 FRik 5% KM ille /3 Tl s ik R [D]: [l 22 Ariex]. & IE: 2RI R, 2022,

DOI: 10.12677/acm.2025.15102954 1853 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102954
https://doi.org/10.3322/caac.21834
https://doi.org/10.1055/s-0039-3399566
https://doi.org/10.1016/j.cgh.2015.08.014
https://doi.org/10.1097/cm9.0000000000003225
https://doi.org/10.1172/jci114015
https://doi.org/10.1016/0005-2736(80)90190-x
https://doi.org/10.1016/j.bbcan.2021.188641

T &

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Mina-Osorio, P. (2008) The Moonlighting Enzyme CD13: Old and New Functions to Target. Trends in Molecular Med-
icine, 14, 361-371. https://doi.org/10.1016/j.molmed.2008.06.003

Dixon, J., Kaklamanis, L., Turley, H., Hickson, I.D., Leek, R.D., Harris, A.L., et al. (1994) Expression of Aminopepti-
dase-N (CD 13) in Normal Tissues and Malignant Neoplasms of Epithelial and Lymphoid Origin. Journal of Clinical
Pathology, 47, 43-47. https://doi.org/10.1136/jcp.47.1.43

Rutenburg, A.M., Goldbarg, J.A. and Pineda, E.P. (1958) Leucine Aminopeptidase Activity. New England Journal of
Medicine, 259, 469-472. https://doi.org/10.1056/nejm195809042591003

Nohara, S., Kato, K., Fujiwara, D., Sakuragi, N., Yanagihara, K., lwanuma, Y., et al. (2016) Aminopeptidase N

(APN/CD13) as a Target Molecule for Scirrhous Gastric Cancer. Clinics and Research in Hepatology and Gastroenter-
ology, 40, 494-503. https://doi.org/10.1016/j.clinre.2015.11.003

Pang, L., Zhang, N., Xia, Y., Wang, D., Wang, G. and Meng, X. (2016) Serum APN/CD13 as a Novel Diagnostic and
Prognostic Biomarker of Pancreatic Cancer. Oncotarget, 7, 77854-77864. https://doi.org/10.18632/oncotarget.12835

Yamanaka, C., Wada, H., Eguchi, H., Hatano, H., Gotoh, K., Noda, T., et al. (2017) Clinical Significance of CD13 and
Epithelial Mesenchymal Transition (EMT) Markers in Hepatocellular Carcinoma. Japanese Journal of Clinical Oncol-
ogy, 48, 52-60. https://doi.org/10.1093/jjco/hyx157

LR, e, B, . APN/CDI13 5 S2RE R —DMHuMEALIT 258070 THER 0], Hh I 2538 2218 4R,
2021, 37(11): 1497-1502.

Fiddler, C.A., Parfrey, H., Cowburn, A.S., Luo, D., Nash, G.B., Murphy, G., et al. (2016) The Aminopeptidase CD13
Induces Homotypic Aggregation in Neutrophils and Impairs Collagen Invasion. PLOS ONE, 11, e0160108.
https://doi.org/10.1371/journal.pone.0160108

Dominguez, J.M., Pérez-Chacén, G., Guillén, M.J., Mufioz-Alonso, M.J., Somovilla-Crespo, B., Cibrian, D., et al. (2020)
CD13 as a New Tumor Target for Antibody-Drug Conjugates: Validation with the Conjugate Mi130110. Journal of
Hematology & Oncology, 13, Article No. 32. https://doi.org/10.1186/s13045-020-00865-7

TKREABH, BT, 20, 55, CD13 7E B o BRI 5 I PR BE 2 501 26 F T HORh iz A TS I TR (L [0]. 4
A RlEE S, 2023, 21(12): 2018-2021.

w/ANE, HIEE, BREE, 25 CD13 Fl FUTS 76 B 4 1Rk K Sk B S5 X R D). AWEE LRSI
JK, 2025, 29(2): 250-255.

Liu, X., Guo, Q., Jing, F., Zhou, C., Xiu, T., Shi, Y., et al. (2021) Ubenimex Suppresses the Ability of Migration and
Invasion in Gastric Cancer Cells by Alleviating the Activity of the CD13/NAB1/MAPK Pathway. Cancer Management
and Research, 13, 4483-4495. https://doi.org/10.2147/cmar.s300515

Ha, Y.J., Shin, Y.J., Tak, K.H., Park, J.L., Kim, J.H., Lee, J.L., et al. (2023) Reduced Expression of Alanyl Aminopep-
tidase Is a Robust Biomarker of Non-Familial Adenomatous Polyposis and Non-Hereditary Nonpolyposis Colorectal
Cancer Syndrome Early-Onset Colorectal Cancer. Cancer Medicine, 12, 10091-10104.
https://doi.org/10.1002/cam4.5675

Hashida, H., Takabayashi, A., Kanai, M., Adachi, M., Kondo, K., Kohno, N, et al. (2002) Aminopeptidase N Is Involved
in Cell Motility and Angiogenesis: Its Clinical Significance in Human Colon Cancer. Gastroenterology, 122, 376-386.
https://doi.org/10.1053/gast.2002.31095

Saxena, A., Chumanevich, A., Fletcher, E., Larsen, B., Lattwein, K., Kaur, K., et al. (2012) Adiponectin Deficiency:

Role in Chronic Inflammation Induced Colon Cancer. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease,
1822, 527-536. https://doi.org/10.1016/j.bbadis.2011.12.006

Lukanova, A., Soderberg, S., Kaaks, R., Jellum, E. and Stattin, P. (2006) Serum Adiponectin Is Not Associated with

Risk of Colorectal Cancer. Cancer Epidemiology, Biomarkers & Prevention, 15, 401-402.
https://doi.org/10.1158/1055-9965.epi-05-0836

BEM. ZKE N #05 BCKDK-ERK {55 Hi g JE AR 4 i 6 A FIBFE M pLH BF 52 [D]: [ L2 0ies0]. R
REBEFRKA, 2020
Zhao, Y., Wu, H., Xing, X., Ma, Y., Ji, S., Xu, X., et al. (2020) CD13 Induces Autophagy to Promote Hepatocellular

Carcinoma Cell Chemoresistance through the P38/Hsp27/CREB/ATG7 Pathway. The Journal of Pharmacology and Ex-
perimental Therapeutics, 374, 512-520. https://doi.org/10.1124/jpet.120.265637

Yamashita, M., Wada, H., Eguchi, H., Ogawa, H., Yamada, D., Noda, T., et al. (2016) A CD13 Inhibitor, Ubenimex,
Synergistically Enhances the Effects of Anticancer Drugs in Hepatocellular Carcinoma. International Journal of Oncol-
ogy, 49, 89-98. https://doi.org/10.3892/ij0.2016.3496

Slavik, J.M., Hutchcroft, J.E. and Bierer, B.E. (1999) CD28/CTLA-4 and CD80/CD86 Families. Inmunologic Research,
19, 1-24. https://doi.org/10.1007/bf02786473

DOI: 10.12677/acm.2025.15102954 1854 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.15102954
https://doi.org/10.1016/j.molmed.2008.06.003
https://doi.org/10.1136/jcp.47.1.43
https://doi.org/10.1056/nejm195809042591003
https://doi.org/10.1016/j.clinre.2015.11.003
https://doi.org/10.18632/oncotarget.12835
https://doi.org/10.1093/jjco/hyx157
https://doi.org/10.1371/journal.pone.0160108
https://doi.org/10.1186/s13045-020-00865-7
https://doi.org/10.2147/cmar.s300515
https://doi.org/10.1002/cam4.5675
https://doi.org/10.1053/gast.2002.31095
https://doi.org/10.1016/j.bbadis.2011.12.006
https://doi.org/10.1158/1055-9965.epi-05-0836
https://doi.org/10.1124/jpet.120.265637
https://doi.org/10.3892/ijo.2016.3496
https://doi.org/10.1007/bf02786473

TR &

[29]
[30]
[31]
[32]

[33]

[34]

[35]
[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
[46]

[47]

[48]

[49]

[50]

[51]

Sharpe, A.H. and Freeman, G.J. (2002) The B7-CD28 Superfamily. Nature Reviews Immunology, 2, 116-126.
https://doi.org/10.1038/nri727

June, C.H., Bluestone, J.A., Nadler, L.M. and Thompson, C.B. (1994) The B7 and CD28 Receptor Families. Immunology
Today, 15, 321-331. https://doi.org/10.1016/0167-5699(94)90080-9

Kornbluth, J. (1995) Potential Role of CD28-B7 Interactions in the Growth of Myeloma Plasma Cells. In: Current Topics
in Microbiology and Immunology, Springer Berlin Heidelberg, 43-49. https://doi.org/10.1007/978-3-642-79275-5_6

Krummel, M.F. and Allison, J.P. (1995) CD28 and CTLA-4 Have Opposing Effects on the Response of T Cells to
Stimulation. The Journal of Experimental Medicine, 182, 459-465. https://doi.org/10.1084/jem.182.2.459

Walunas, T.L., Lenschow, D.J., Bakker, C.Y., Linsley, P.S., Freeman, G.J., Green, J.M., et al. (1994) CTLA-4 Can
Function as a Negative Regulator of T Cell Activation. Immunity, 1, 405-413.
https://doi.org/10.1016/1074-7613(94)90071-x

Njau, M.N. and Jacob, J. (2013) The CD28/B7 Pathway: A Novel Regulator of Plasma Cell Function. In: Katsikis, P.,
Schoenberger, S. and Pulendran, B., Eds., Advances in Experimental Medicine and Biology, Springer, 67-75.
https://doi.org/10.1007/978-1-4614-6217-0_8

Frauwirth, K.A., Riley, J.L., Harris, M.H., Parry, R.V., Rathmell, J.C., Plas, D.R., et al. (2002) The CD28 Signaling
Pathway Regulates Glucose Metabolism. Immunity, 16, 769-777. https://doi.org/10.1016/s1074-7613(02)00323-0
Broux, B., Markovic-Plese, S., Stinissen, P. and Hellings, N. (2012) Pathogenic Features of CD4+CD28- T Cells in
Immune Disorders. Trends in Molecular Medicine, 18, 446-453. https://doi.org/10.1016/j.molmed.2012.06.003

Li, N., Gao, L., Ge, Y., Zhao, L., Bai, C. and Wang, Y. (2023) Prognostic and Predictive Significance of Circulating
Biomarkers in Patients with Advanced Upper Gastrointestinal Cancer Undergoing Systemic Chemotherapy. Frontiers in
Oncology, 13, Article 1195848. https://doi.org/10.3389/fonc.2023.1195848

Hsu, P., Yang, T., Kao, J., Cheng, K., Lee, Y., Wang, Y., et al. (2010) Increased PD-1 and Decreased CD28 Expression
in Chronic Hepatitis B Patients with Advanced Hepatocellular Carcinoma. Liver International, 30, 1379-1386.
https://doi.org/10.1111/j.1478-3231.2010.02323.x

Esensten, J.H., Helou, Y.A., Chopra, G., Weiss, A. and Bluestone, J.A. (2016) CD28 Costimulation: From Mechanism
to Therapy. Immunity, 44, 973-988. https://doi.org/10.1016/].immuni.2016.04.020

Sam, J., Hofer, T., Kuettel, C., Claus, C., Thom, J., Herter, S., et al. (2024) CD19-CD28: An Affinity-Optimized CD28
Agonist for Combination with Glofitamab (CD20-TCB) as off-the-Shelf Immunotherapy. Blood, 143, 2152-2165.
https://doi.org/10.1182/blood.2023023381

Qin, L., Jing, X,, Qiu, Z., Cao, W., Jiao, Y., Routy, J., et al. (2016) Aging of Immune System: Immune Signature from
Peripheral Blood Lymphocyte Subsets in 1068 Healthy Adults. Aging, 8, 848-859.
https://doi.org/10.18632/aging.100894

Li, T. and Xiang, P. (2019) Therapeutic Effects of Endoscopic Mucosal Resection on the Recovery and Prognosis of
Early Gastric Cancer. Journal of B.U.ON., 24, 1087-1091.

Maki, A., Matsuda, M., Asakawa, M., Kono, H., Fujii, H. and Matsumoto, Y. (2004) Decreased Expression of CD28
Coincides with the Down-Modulation of Cd3( and Augmentation of Caspase-3 Activity in T Cells from Hepatocellular
Carcinoma-Bearing Patients and Hepatitis C Virus-Infected Patients. Journal of Gastroenterology and Hepatology, 19,

1348-1356. https://doi.org/10.1111/j.1440-1746.2004.03455.x

TR, wRE, ke, 5 PD-17EJE R VA B 2 i 2k R L[], 295 5T, 2024, 43(9): 913-917.
Xpet, eFAE, XP, 55 S5k EE SN LK E 40 CD8 fl CD28 IFRIA[I]. MRs:7%:E, 2007(1): 68-69.
Kucukhuseyin, O., Turan, S., Yanar, K., et al. (2015) Individual and Combined Effects of CTLA4-CD28 Variants and
Oxidant-Antioxidant Status on the Development of Colorectal Cancer. Anticancer Research, 35, 5391-5400.

Mao, Y., Wang, C., Meng, F., Kong, J., Cao, S., Jiang, Y., et al. (2018) Polymorphisms in the ICOS/CD28-1COSL
Pathway Are Related to Capecitabine-Based Chemotherapy Response in Advanced Colon Cancer Patients. Molecular
Immunology, 96, 78-82. https://doi.org/10.1016/j.molimm.2018.02.017

Dzik, J.M. (2014) Evolutionary Roots of Arginase Expression and Regulation. Frontiers in Immunology, 5, Article No.
544. https://doi.org/10.3389/fimmu.2014.00544

Dizikes, G.J., Grody, W.W., Kern, R.M. and Cederbaum, S.D. (1986) Isolation of Human Liver Arginase cDNA and
Demonstration of Nonhomology between the Two Human Arginase Genes. Biochemical and Biophysical Research Com-
munications, 141, 53-59. https://doi.org/10.1016/s0006-291x(86)80333-3

Ash, D.E. (2004) Structure and Function of Arginases. The Journal of Nutrition, 134, 2760S-2764S.
https://doi.org/10.1093/jn/134.10.2760s

Caldwell, R.W., Rodriguez, P.C., Toque, H.A., Narayanan, S.P. and Caldwell, R.B. (2018) Arginase: A Multifaceted

DOI: 10.12677/acm.2025.15102954 1855 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102954
https://doi.org/10.1038/nri727
https://doi.org/10.1016/0167-5699(94)90080-9
https://doi.org/10.1007/978-3-642-79275-5_6
https://doi.org/10.1084/jem.182.2.459
https://doi.org/10.1016/1074-7613(94)90071-x
https://doi.org/10.1007/978-1-4614-6217-0_8
https://doi.org/10.1016/s1074-7613(02)00323-0
https://doi.org/10.1016/j.molmed.2012.06.003
https://doi.org/10.3389/fonc.2023.1195848
https://doi.org/10.1111/j.1478-3231.2010.02323.x
https://doi.org/10.1016/j.immuni.2016.04.020
https://doi.org/10.1182/blood.2023023381
https://doi.org/10.18632/aging.100894
https://doi.org/10.1111/j.1440-1746.2004.03455.x
https://doi.org/10.1016/j.molimm.2018.02.017
https://doi.org/10.3389/fimmu.2014.00544
https://doi.org/10.1016/s0006-291x(86)80333-3
https://doi.org/10.1093/jn/134.10.2760s

T &

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]
(68]

[69]

Enzyme Important in Health and Disease. Physiological Reviews, 98, 641-665.
https://doi.org/10.1152/physrev.00037.2016

Satriano, J. (2004) Arginine Pathways and the Inflammatory Response: Interregulation of Nitric Oxide and Polyamines:
Review Article. Amino Acids, 26, 321-329. https://doi.org/10.1007/s00726-004-0078-4

Deignan, J.L., Cederbaum, S.D. and Grody, W.W. (2008) Contrasting Features of Urea Cycle Disorders in Human Pa-
tients and Knockout Mouse Models. Molecular Genetics and Metabolism, 93, 7-14.
https://doi.org/10.1016/j.ymgme.2007.08.123

Yang, Z. and Ming, X. (2014) Functions of Arginase Isoforms in Macrophage Inflammatory Responses: Impact on Car-
diovascular Diseases and Metabolic Disorders. Frontiers in Immunology, 5, Article No. 533.
https://doi.org/10.3389/fimmu.2014.00533

JATRSE, E, wKEL, L BHUET IL-38 R SR BRI E T R[], AR A4 &, 2020,
27(22): 1809-1814.

Wu, C., Wang, S., Chang, T., Lin, E., Chang, K., Huang, M., et al. (1989) Content of Glucocorticoid Receptor and
Arginase in Gastric Cancer and Normal Gastric Mucosal Tissues. Cancer, 64, 2552-2556.
https://doi.org/10.1002/1097-0142(19891215)64:12<2552::aid-cncr2820641224>3.0.€0;2-y

WA, &R, GPC-3 Al Arg-1 TETAH MM T Hh it 2k K2 (B [0]. 7 rE R 24T 7T, 2022, 31(20): 3699-
3703.

Cheng, P.N.M,, Liu, A.M., Bessudo, A. and Mussali, F. (2021) Safety, PK/PD and Preliminary Anti-Tumor Activities of
Pegylated Recombinant Human Arginase 1 (BCT-100) in Patients with Advanced Arginine Auxotrophic Tumors. Inves-
tigational New Drugs, 39, 1633-1640. https://doi.org/10.1007/s10637-021-01149-8

Martinenaite, E., Lecoq, I., Aaboe-Jgrgensen, M., Ahmad, S.M., Perez-Penco, M., Gléckner, H.J., et al. (2025) Arginase-
1-Specific T Cells Target and Modulate Tumor-Associated Macrophages. Journal for ImmunoTherapy of Cancer, 13,
€009930. https://doi.org/10.1136/jitc-2024-009930

Liu, Y., Yu, Y., Hu, C., Jiang, M., Zhao, C., Li, X,, et al. (2025) ZEB2 Upregulation Modulates the Polarization of Tams
toward the Immunosuppressive State in EGFR-TKI-Resistant NSCLC. Cancer Drug Resistance, 8, Article No. 25.
https://doi.org/10.20517/cdr.2024.206

KRR, IR, T S R AL bR -1 (09635 B BUR O], PR R (B 2R), 2021, 50(4):
504-508.

BF, R, B, 5 PUBENEERIERESEHS PD-L1. Arg-1 RIAFKRR[N]. NS 54
£, 2023, 22(1): 19-23.

Pegg, A.E. (1988) Polyamine Metabolism and Its Importance in Neoplastic Growth and a Target for Chemotherapy.
Cancer Research, 48, 759-774.

Gao, Y., Li, X., Yang, M., Zhao, Q., Liu, X., Wang, G., et al. (2013) Colitis-Accelerated Colorectal Cancer and Metabolic
Dysregulation in a Mouse Model. Carcinogenesis, 34, 1861-1869. https://doi.org/10.1093/carcin/bgt135

Ma, Z., Lian, J., Yang, M., Wuyang, J., Zhao, C., Chen, W., et al. (2019) Overexpression of Arginase-1 Is an Indicator
of Poor Prognosis in Patients with Colorectal Cancer. Pathology-Research and Practice, 215, Article 152383.
https://doi.org/10.1016/j.prp.2019.03.012

Wang, X., Xiang, H., Toyoshima, Y., Shen, W., Shichi, S., Nakamoto, H., et al. (2023) Arginase-1 Inhibition Reduces

Migration Ability and Metastatic Colonization of Colon Cancer Cells. Cancer & Metabolism, 11, Article No. 1.
https://doi.org/10.1186/s40170-022-00301-z

Tk, FEEREE 1 75 IR R VT SR e S B R AR F (3], J 78 AR 5874, 2014, 26(2): 113-116.
Atta, 1.S. (2021) Efficacy of Expressions of Arg-1, Hep Par-1, and CK19 in the Diagnosis of the Primary Hepatocellular
Carcinoma Subtypes and Exclusion of the Metastases. Histol Histopathol, 36, 981-993.

Sang, W., Zhang, W., Cui, W., Li, X., Abulajiang, G. and Li, Q. (2015) Arginase-1 Is a More Sensitive Marker than
Heppar-1 and AFP in Differential Diagnosis of Hepatocellular Carcinoma from Nonhepatocellular Carcinoma. Tumor
Biology, 36, 3881-3886. https://doi.org/10.1007/s13277-014-3030-6

DOI: 10.12677/acm.2025.15102954 1856 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102954
https://doi.org/10.1152/physrev.00037.2016
https://doi.org/10.1007/s00726-004-0078-4
https://doi.org/10.1016/j.ymgme.2007.08.123
https://doi.org/10.3389/fimmu.2014.00533
https://doi.org/10.1002/1097-0142(19891215)64:12%3c2552::aid-cncr2820641224%3e3.0.co;2-y
https://doi.org/10.1007/s10637-021-01149-8
https://doi.org/10.1136/jitc-2024-009930
https://doi.org/10.20517/cdr.2024.206
https://doi.org/10.1093/carcin/bgt135
https://doi.org/10.1016/j.prp.2019.03.012
https://doi.org/10.1186/s40170-022-00301-z
https://doi.org/10.1007/s13277-014-3030-6

	CD13、CD28、ARG-1的生物学特性与消化道恶性肿瘤之间的关系研究进展
	摘  要
	关键词
	Research Progress on the Relationship between the Biological Characteristics of CD13, CD28, and ARG-1 and Digestive Tract Malignant Tumors
	Abstract
	Keywords
	1. 前言
	2. CD13的生物学特性及其与胃癌、肝癌、结直肠癌的关系
	2.1. CD13的生物学特性
	2.1.1. 分子结构
	2.1.2. 表达分布
	2.1.3. 生理功能
	2.1.4. 病理关联及作为预后标志物和治疗靶点的潜力

	2.2. 与胃癌、肝癌、结直肠癌的关系
	2.2.1. 胃癌
	2.2.2. 结直肠癌
	2.2.3. 肝癌


	3. CD28的生物学特性及其与胃癌、肝癌、结直肠癌的关系
	3.1. CD28的生物学特性
	3.1.1. 分子结构
	3.1.2. 表达分布
	3.1.3. 生理功能
	3.1.4. 病理关联及作为预后标志物和治疗靶点的潜力

	3.2. 与胃癌、肝癌、结直肠癌的关系
	3.2.1. 胃癌
	3.2.2. 肝癌
	3.2.3. 结直肠癌


	4. ARG-1的生物学特性及与胃癌、肝癌、结直肠癌的关系
	4.1. ARG-1的生物学特性
	4.1.1. 分子结构
	4.1.2. 表达分布
	4.1.3. 生理功能、病理关联及作为预后标志物和治疗靶点的潜力

	4.2. 与胃癌、肝癌、结直肠癌的关系
	4.2.1. 胃癌
	4.2.2. 结直肠癌
	4.2.3. 肝癌


	5. 展望
	参考文献

