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$# /%)% (Diabetes Mellitus, DM) 2 —Fr&ERRATHR, FEEEFKFRRERERERIL, DMEBERERRK
B, BOSTEFVEE A ER R AE . 55 BYH ML Th AR S BN BB 5/ R B R 7 B A B LA G 0
5. HET1ZBE R (Type 1 Diabetes Mellitus, T1DM)AHEFRHK KI2R5E K% (Type 2 Diabetes
Mellitus, T2DM) & KETT EERAFEINEIER SR, ExE A MR e ikts, A R BB
RIEEFR, BEFKETRIERRFBF IR DA, NTEFIERS. B4EES
(Regenerating protein, Reg) B THKBRERERKR R, B—FMEFEFR. fiFAT. Hik. JiEN
SEERTEARZ TR MWD T . RIBERegERMLE A HI— LM, RegB AR A4MNER(, 11,
L IV). Z4E3K, ReglE H7E(RRENR 540 M AN E MAEKF P HERSEEM, WRERETERbE
PRI K67 HIFTHRE . A SUptRegZE R 2R (45 Thie S ELFERE R SO BT LB AT 4508
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Abstract

Diabetes Mellitus (DM) is a global epidemic. With the improvement of people’s living standards and
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global aging, it has become a major health burden worldwide. Impaired function and decreased
number of islet beta cells are the central link in the pathophysiological mechanism of diabetes mel-
litus. At present, the treatment of Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus
(T2DM) patients with a long course of disease is mainly to supplement exogenous insulin, but it is
difficult to control blood sugar for a long time to reach the standard. Poor management can lead to
serious consequences, and new therapeutic strategies are needed to protect or supplement the func-
tional islet beta cell population to maintain glucose homeostasis. Regenerating proteins (Reg) be-
long to the calcium-dependent lectin superfamily, which is a multifunctional secretory molecule
with nutritional, anti-apoptotic, anti-inflammatory, antibacterial and immunomodulatory effects.
According to the primary structure of the protein encoded by Reg gene, the Reg protein family can
be divided into four subtypes (I, 1], 111, IV). In recent years, the role of Reg protein in promoting islet
beta cell regeneration and improving blood glucose level has attracted attention, which may be-
come a potential new target for diabetes prediction and treatment. This article reviews the struc-
ture, function and research status of Reg gene protein in the field of diabetes.
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1. 518

B bR (Diabetes Mellitus, DM) & —Fft /™ 5 (112 P50, CLRR O A BRYE B A A 2 SR RIBE T 1) 32 2
Rz —. 2021 4 b b R 5 B¢ 9 (International diabetes federation, 1DF) & A ()4 3R 0 FR s L B B 428k
A 5.37 AL NEARERIG . ARYEIH T TR — K THE R R 7B BT 7T, it 2] 2050 4 4Bk
B PRI N EOCR S N3 13.1 /2 N tb4b, IDF RATHIER R, AFRE 10 4 3 NPt A 1 44 5 SRR
I 5 HH L 2 P O SFA9E 1 IX B T PR i N B 22 A I 5K, w0 W PR3 A DR R S H A7 i 1k 38 1] [2]
1 KE PRI (Type 1 Diabetes Mellitus, TAIDM) & —Fh H & e 5w, UL T A SR ES g 4iieiin
FRIE, SEUES AR WAE[3]. 76 TIDM [ E AR s, B 5 5 DR (0 465 22 PRORE SR R
Ja B RE R T 23N, B A I 2L IA B — AN I S IR E B A 1IE B 20%~30%) [4]. 2 RUBEIRIE (Type 2
Diabetes Mellitus, T2DM) &5 ANEUL (5 0% R 50N HH 90%,  FUARRAE 2 56 5 RACHUAEEAT VR & B 4
DIReRiB o SRR B RS AHEL, T2DM B3 i A 230 g s/ b2 40%, RS B 40D he
£ T2DM i i/ 2 80% [5].

TIDM HB#HFH GBS R Z, T4 SRS R BRBIT, oM S 2 BT AR
MR AREIE I, SRS R AR A BB T 240 DL S A R SN RN, 1 R AR
BEAG, H9In T fopEzE i (6] T2DM B A 3T mT L3E i AS [F) 4 P AL A1 F 3 24 s o LW, E& IR
BRI RESL LIRS B AU T REMIEATVE R . —IURET A 7L R, FRIE T2DM BE RS B
YA ThEE AR 2% T8 R T B[]0 T AR R b 70 JR B 32 TR 58 A BAUL AR B PE R B R WA AT RS Al R 4%,
e DLAE R I+ 1) 1) AR R A bR o PRI 3 5 BB YR IT SR SR AR BR R T REIR & B Al PsE, M
MYERF MARREZS, BOINRE) g ARECRE . SCEBE B AN 0 WA ThRE AN sm P 5P ot 5 Z AR 1 47 Bl
T R B R W AR R LR, R R SRR G IR RIS E A . BE A IR AR E A
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(Regenerating protein, Reg) Z ik (IR A 78, Reg H I ZENE JRIEIT S R0 HY, A BN B A s
SRR . MR U Reg JEFIEE A5 DR S HLAERE R S A 78 IREAT 253, DA A IR
SRRt .

2. Reg EARIE
2.1. Reg ZBZRIED

1979 4F, fEMERA AR T —1 Reg B2, fimd4 AMIENIRES £ 8 H (Pancreatic stone protein, PSP)
[8]o BT HAMMIBARE AT R TEAEIE, PSP AR AHMIA Zi[9]. 1984 4F, Yonemura 55 NTE KRR
KR 9006 J& YK B FE AR R B R R IZ a1, HWT S5 R S B PR R SRS IRAS[10], il 1R “ H
AEA”, JERAWIER Reg | 5H . H Reg | FERILLLK, A4S A SRR A B 2208 00, HRAE
Reg J& K 9wt 2 0 I — 204509, Reg A XIER 404 4 95: Regl. Regll. Reglll. Reg IV, AT ixifE
A EYFIE] Reg B IR, ¥ Reg S SR —B 5028, 1EMGAZRENIH, Reg & A ZRASE KR
Reg I. /N Regl, Reg Il {Y A /M Reg I, KL Reg Illa. Reg B, Reg lly /N, Reg llla. Reg IS,
Reg Illy. Reg 1116, KEFI/NE Reg IV. fEAFEH, Reg HEAFKKEMHE A Reg la fl Reg 18, A\ Reg 1118
AT Reg Iy, A Reg IV [11]. % 1 FiaR.

Table 1. Member of the regenerative protein family

#® 1 BEEBFRERR

Name Other names
Mouse
Reg | Reg, PSP, PTP (cleaved form), Lithostathine
Reg Il PTP2, PSP2, Lithostathine 2
Reg Illa PAP II
Reg 1Ip PAPI, PAP, HIP
Reg Iy PAP I11
Reg Il 6 INGAP-rP, INGAP
Reg IV Reg4, RELP
Rat
Reg | Reg, PSP, PTP (cleaved form), Lithostathine
Reg lla Reg3, PAP II
Reg 118 PAP, PAP I, HIP, Reg2, Peptide23
Reg Illy PAP Il
Reg IV Reg4
Human
Reg la REGI1A, PSP, Lithostathine, PTP
Reg I REG1B, REGH, REGL, Lihostathine, RS
Reg 1115 REG3A, PAP, HIP, PAP I, Reg2, PTP
Reg Iy REG3G, Reg3, PAP IB, PAP II, PAP IlI
Reg IV REG4
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2.2. Reg EELEH. B EHEXER

Reg tEAZKGH, Br T Reg IV E:HA 7 MR, HE Reg BHHA 6 ME M5 MHET. 1
N, Reg IV EERA T Yt fh 1p11-3 &, 1 e FA T Ytk 2p12 [11]. Reg & F EKR A 71
Jii E4 16,000~17,000, R4 H 0T — A FNSERIURIAE, Reg 85 1 SR T8 T80 1 st 1 vk 42 2 B8 SR Il
R, MEEREANE AR 253, Reg HAGAHL 120 AR M A Bk /K46 A& 4R 51l 38
(Carbohydrate recognition domains, CRD), i 454 2 FIECIAFITR KA EPI[12]. Reg B H M 53— N4
PR E R R I AR S HH — A BAUME S IRAIEER, 21~25 NEIERRIRIEM R, BA BESE AR 2R 5
[13], JBREE B VA A 7 A P MR IRRT 0 4% 1 R K 24 130 ANFRIE2H s i) AN A 1 B[ 14]

M E Zenilman % A\ FH| Northern 43 #1720 5E Reg & RI7E K BRUBEIR- S0 40 M . IRV B AN R 15 B 4t ffa
R, KI Reg mRNA FEM R ERIE, (AATERRE p A s & AR R h ik, JFH Reg BEAXS
[ p AR A AN S AN RIS 244 2ERI[15]. BOE B TR, Reg | 75 B g 5 R FE4Ih &%,
HreA 2 BRI, ENA 2y 2R Tt B F R 40 5E[16]. Reg NAXAE/N B AR, %A AFE
JEEED, %0 Reg 11 mRNA =S50 T 155 1 JR IR v RIS A Mg i Hh [17]. Reg 11 2 2E7E il Hh i
ik, EEAE B AR RRER, IL-22 555 S SN Reg o f1 Reg Hy ik, 1655
J T4 AN Paneth 400 (07715 [18]. 55— J51f, Reg NI BAEfEAR 2k, e N oS et R FE T T
AP AR AE[19]. Bl KPR Reg IV 52 B Hartupee 2 N 35055 1 45 7 4 cDNA ST A 43 55 Hisk
fI[20]. Reg IV FEIEHWIERIE, QSR Mo, BRI, ERypEhaoERE, HHAZH
I AE HAD R A A ARk [21]. K, TR Reg IV AlieZ 5HLMERE . MM EAIT
T SEHGPE IR 2 /N, Reg IV AT DU 2 Noteh 175 5 35 A I F A= R0 79 77 o i 46 i FBl JI &b 403 T R
A4x[22]. FpiE Reg 1V Bz wd G 0/ SR TE R DTS, AN B 50 O 2B s MR D PR 6 75 5 R PRI I D A%
P, TS Reg IV ik A FRACZIE MBI [23]. TH7E B SE k. BRIYE. HEEE. U0 AR
¥ LR, Reg IV I RIE 512 & MEAT A R 1S 2 V)AH 5 [24]

2.3. Reg EARIEBERIESHEE

Reg HHAMBIAZZFFHE AW, WIEEFRMIA. BER. EKEFMARERE, Fp 220K
T, /& Reg HE HRIB I F BT F[25] BEMRVEW R B 2/DRBERN G, /NREES Reg | 2 FHIE[26].
TE 45 2 IR 1) AE T JRE W FR 95 (Non-Obese  Diabetic,NOD)/NER 1, Reg I #id %ik[27]. EFIE y #
TNF-o BOh A B (K BRUBE IR AR AR42D 4Hiffirh, Reg | ik B, R 2 MEAGER T2 7 I8 £ b il i -
W TNF-o A1 40 3R B2 E A R Reg | R1A[28]. [Altk, Regl BIRIAW Re 540 T 51 kG
Ko Reg BEWMETRAE RGAMMAIGETHA K, K Reg 14 &L MBS ML TCH 2277 R,
PR o B A, SRAZ Y A 5 41 K7 (Leukemia inhibitory factor, LIF)S2AR4l& i)/ B IG7E Hiz 5h
FBGARZ LR AR Reg 11 [29], HATHENGET LIF S22 54(gpl30 1 LIF 524k pIEHT LIF
FIGAAEH T w17 Reg B RIE. Reg & A MRIEWAFIET HABN b 2, kMR, i
Z PR RPN A KRR RN, KR BRI Reg B, 1% EE TAKMERLS
FHR IR [30]

RER REEEER Y Reg B R IEH AR B &M T 54080040 3G A TR A%, H
X} Reg {5 5B IERMZ £/ . Reg 8 HIMHEE 2K [31]1 5 NN EAERE L ES 3 (Exostosis-like
gene 3, EXTLI) A VE ML 97% [32]. 1ZFE R4l a-1,4-N- L B2 5L A L AL 0 | F0 1 B, 2 5R
JH R A G S RN, EMNE. FEIE. S, BALOIE RIS Ext3 FEA%, A RAR
i R IR IB B 5k [33] o HE— PR FURIN, p-Af i FRIA EXTLI Al A i A% e K 7--2 113RIA[34],
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Reg la 3l d H A28 EXTL3 fEAT 2 o i) 5 At 5 B 22 o rh iR e e R A A [35]. 5 — Tt HENI
CD44 W HESE Reg IV 24k, RN & fE45 B G Ja[36] R BLH A EAEHT . Wang 58 AL G 8 F B Hk
AR 37 5 Reg IV 2 [/ —E &K —#7, /5T Reg IV HIESHS, (Lt B w371,

3. Reg EARIEERRFEPRRIBE RS

A AR, EFHA Reg la B ARG FIBEATRIT NOD /N, AT BA 2 oot i = A0 IR B
4 [41[38]. Reg | FPH Al A AT AR & p ALK IS5 RE /), SUbAH S, %7 Reg | #5505 NOD /MR
BEIRIG R SR EIELE, $27~ Reg | S TTREREL B AP AE K7 [39]. AWtocdiid, WFAERUNRIE
EMC (encephalomyocarditis)fii 25/ 44 f5, JREJIRH IRErE g iz H B T Reg | BISRIA, Reg | IRk nl
R85 IL-6 F1 IL-1b /- S REIEE A 55, I H 2 Reg | £ EMC i 215 S0 4 40 4545 h B FAE DR
[40] [41]. B¥E K, HEH DB ERIT(Complete Freund’s adjuvant, CFA)SF NOD /)N 4T %055
WBIT, RN E B s NOD /N RBEIRIE kR, I HLREAE /MR 7r 26K NOD /s BRI & 15 IfL#E,
SEEAEIN,  BE R AT/ BRAE ) CFA s il BEiA S Thi7 40~k 1L-22, 1L-22 51ES g 4 b 524k
HSHEMEE)E, B JIAK-STAT3 (5 5 i@, 38 Reg | FHEIA Fif, XTHEE NOD /MR B 41
i P A A v IR B A O [42] o R Reg | AR EIR Sy p 40P AEIVE T, (B WF LR, Reg la 7E
e 4 M B 5 R AR A, LR R TS T T B 2 FELAS AR B RIS VR T A IR PR ., AECRT DLy B A b
R AN R 2 TH) % R 1 4 P ML SR BL T i AR [43]. TEIRERAF 7, ANRIZERLROREIR, 55 TIDM.
FERR I G SLRE R (MODY). F1 T2DM ¥4 [fiLif Reg lo KF 7. T2DM B35 75 1 UGS Wi Rl H 3L
FERAEEEIHIL Reg Fif], T2DM 1 MODY % 1) Reg /K- 5 &I [A]AHSS, 7£ TIDM &2 2R
H Reg lo /K1 5k A% 2 51AH IS [44] [45] [46], SERE PR 38 A T2DM B #FAH L, TIDM B3 1fiEH Reg
Lo KPR T v FEAR ) B S HUAR K 238 T iy o B 098K Reg la /K- 54E88 . VL. JREEE EAH
%, 55 /NskigiL 2 (estimated glomerular filtration rate, eGFR) £ 1455, Reg la 5 eGFR 5% &7~ Reg
lo AT RE2 B THREAN 21— NBTEFR FR[47]

Reg I1 F: P58 & 7E R AR I 40 i b I8, FRAERE R« o 2 A g 197 7K £ (estimated glomerular fil-
tration rate, HFD)F 5 P 2E 1 72 p i 553545 5, Qing Li 25 A Reg 11 38 I BRIE TN R EAT THFIT, RI
EZFEANR T, Reg N 82 0l SECNRIESABRD . S RKTFFE. FFE, 7 HFD 7% S AR/ R
W, RSN R . RS AN TR, X AR, T ARRERIE R, Reg 11 FE R IE # RIE T
il 5 (R 4P RO A 2 B OR L (1[48] . Gurr [49]55 AR HL Reg Il AT{EN A S 4Ll 225 NOD /)N BRUBE R 1
KA, % NOD /MRIFH KN Reg 1 FE, 7EF SRR AESZ MR PRI A:, BJS Reg 11 25 10 id bk
PRIG R AE . T Luting Yu 25 AWFSEIERT, FHEE2H Reg 1l 25 (A (rReg H)VA Y7 8E IRV B 25 (STZ) 155 (1088 IR 5
ANER, TR BB PR /N BRI R By B AR BTR, SGE MLBE, 2P rReg 1 VRYT RTHEHT B SR I BBIAE
. Bk, rReg 11 %5 g 40 AR 1E R K TR B 5405 iR EH[50]. Hong Wang %8 A4 H,
/NER Reg 11 2[R 2208 5 F i v 441 PN 375 3 vt 4 42 (ros) AT A0t P 2 e HE OO Ak 0 1 (GPXL) 1
Cu-Zn M BALEE (SODL)TEEZ [AIAEAEAR KA BE R IR G R o SEERUERH, Fifk T GPX1 #il SOD1 &
BRI/ BRI S H Reg 11 1A i, 585 B4 &8 D AR B 3 I B D A G, 1 GPXL i RIA 1) /)
U By Reg 1 AN, FFREA R E I AE g I 3R LA MR 2 W ) g i R 2 i 3 - $RR3RAT
ANPLZ T L Reg 1 MUMBE S B AN AE KR T, BT RERMEA—Fh 2E U N, VAR L
35[51].

/N, Reg N A S E R BAE 778 (Reg 1o, Reg 118, Reg Hy) AR (Reg 11 6) K& #iA[52]
[53]. A MBI TG FR, TEm BN SRR S 5 R R AL, HiE Reg Iy ik Fil, &
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SO AR R TS24, 1 2 R AU AE R AT S 8L Reg 1y 76 i H (38 n[54] [55]. BhAah, fpiE
HH P JEL A AR A ik s TR BRI 1 B2 A4 Bl 1 mT  Reg Ny (7 A2 [56] [57] . 1% B4 4585 2 B Reg 11y
(7= A 2 S AR 2RI E A . 76 NOD /NER R, JESHB R SR 8UA G261 Reg Ny, RIHFEFIATET
2 (regulatory T cells, Tregs) 74k, F0fIH ZEIR4H L (dendritic cell, DC) S, /b i & bk B2 40 i v, Ik
559 H B o SN FE B EEE JAK2/STATS 38 1% FHAK 1 B JR 7 1) ke 4 [58] - el , EXTLS #7455 A Reg 1y
HI4EAE A, 3 H Reg Hy-EXTL3 (5 5@ %5 52 At A B IhAE T A2, /N RS g 41 EXTLS
MR T 5 S50 267 W R TR JER B 3R A2 A, LA R B TS R [59] . A G s 1) 24 ) b B 55 ] T A0 )
STAT3 S RIS I S p-Ai e, X AE LT I8 Reg Ny 677 B 5 5 3R 7 AN 2 b i Th
AE[60] [61]- % T Reg lly 24k, Tehmina Siddique [62]45 F U 420ms e 155 S 10/ BROBE IR A U 7T Reg 111
& A T OGS I DA K% JE iR R R B 7K P B s, IER T Reg 11 6 ¥RYT ARSI BR IS K P 835 T
B, I B LT IR E B IEH K, &R G R B a REH, 44T Reg 1 6 IKIGYT 5, #skFF Ngn-3
A1 Pdx-1 1) mRNA 7K-F-H1 3870, Reg 1 6 4 AT Ae i 715 B 9 73 Wb i AAFR 542 Pdx-1 F1 Ngn-3 )2
PRI 22 St s v B o« R R TR 1 E. coli (T7 Expression) ¥y (i 20 Reg llla 1, 444k )5 Aels
fiE i3k MING 4 A A S 36, FRPTEEHAE D RIS S MING 41 A P J53 I S s v, KB 4 Reg Nla
HERAMEAINEIE R3S g A (E . Brid s ME[63].

4, EBEERE

PRI 0 R B R S S T By p AR M D REAR 0] S BB D 3 DIAOG, FEATXHBR S p DhREW R S 2L A
JIXE A, Reg HRHEAT REFIVKIERT R RN F, Reg SREARAIHT LA, Pk, fedtlfely p 40
MEHEAE . PUATEEIER, AseE A K. BE5h, Reg EEAKT-SHERE AR VIASS, AT AR
TR RGO (EE HATX Reg SR AMVINI 70 FAERIMLAL S WEEHLE] 24k K255 518 R A
ToiERE, KREEWFBMIR TR L, it Paim. M. IRABIT, 8 Reg S ALEME RN
SUBIETE IR R, SRAUETRE A

SE

[1] Ong, K.L., Stafford, L.K., McLaughlin, S.A., et al. (2023) Global, Regional, and National Burden of Diabetes from
1990 to 2021, with Projections of Prevalence to 2050: A Systematic Analysis for the Global Burden of Disease Study
2021. The Lancet, 402, 203-234. https://doi.org/10.1016/S0140-6736(23)01301-6

[2] Sun, H., Saeedi, P., Karuranga, S., et al. (2022) IDF Diabetes Atlas: Global, Regional and Country-Level Diabetes
Prevalence Estimates for 2021 and Projections for 2045. Diabetes Research and Clinical Practice, 183, Article 109119.
https://doi.org/10.1016/j.diabres.2021.109119

[3] Haller, M.J., Atkinson, M.A. and Schatz, D. (2005) Type 1 Diabetes Mellitus: Etiology, Presentation, and Management.
Pediatric Clinics of North America, 52, 1553-1578. https://doi.org/10.1016/j.pcl.2005.07.006

[4] Chellappan, D.K., Sivam, N.S., Teoh, K.X., et al. (2018) Gene Therapy and Type 1 Diabetes Mellitus. Biomedicine &
Pharmacotherapy, 108, 1188-1200. https://doi.org/10.1016/j.biopha.2018.09.138

[5] Eizirik, D.L., Pasquali, L. and Cnop, M. (2020) Pancreatic S-Cells in Type 1 and Type 2 Diabetes Mellitus: Different
Pathways to Failure. Nature Reviews Endocrinology, 16, 349-362. https://doi.org/10.1038/s41574-020-0355-7

(6] &, %% (PE L ZBEREIZIATER (2021 f)) MREL[I]. AR PRI A &, 2022, 14(11): 1123-1127

[7]1 Gao, Z., Yan, W, Fang, Z., et al. (2021) Annual Decline in g-Cell Function in Patients with Type 2 Diabetes in China.
Diabetes/Metabolism Research and Reviews, 37, e3364. https://doi.org/10.1002/dmrr.3364

[8] De Caro, A., Lohse, J. and Sarles, H. (1979) Characterization of a Protein Isolated from Pancreatic Calculi of Men
Suffering from Chronic Calcifying Pancreatitis. Biochemical and Biophysical Research Communications, 87, 1176-
1182. https://doi.org/10.1016/S0006-291X(79)80031-5

[9] Bimmler, D., Graf, R., Scheele, G.A,, et al. (1997) Pancreatic Stone Protein (Lithostathine), a Physiologically Relevant

DOI: 10.12677/acm.2024.1441087 764 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441087
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.pcl.2005.07.006
https://doi.org/10.1016/j.biopha.2018.09.138
https://doi.org/10.1038/s41574-020-0355-7
https://doi.org/10.1002/dmrr.3364
https://doi.org/10.1016/S0006-291X(79)80031-5

KBNS, PIER

[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

Pancreatic Calcium Carbonate Crystal Inhibitor? Journal of Biological Chemistry, 272, 3073-3082.
https://doi.org/10.1074/jbc.272.5.3073

Terazono, K., Yamamoto, H., Takasawa, S., et al. (1988) A Novel Gene Activated in Regenerating Islets. Journal of
Biological Chemistry, 263, 2111-2114. https://doi.org/10.1016/S0021-9258(18)69176-8

Parikh, A., Stephan, A.F. and Tzanakakis, E.S. (2012) Regenerating Proteins and Their Expression, Regulation, and
Signaling. Biomolecular Concepts, 3, 57-70. https://doi.org/10.1515/bmc.2011.055

Liu, J.L., Cui, W., Li, B., et al. (2008) Possible Roles of Reg Family Proteins in Pancreatic Islet Cell Growth. Endo-
crine, Metabolic & Immune Disorders-Drug Targets, 8, 1-10. https://doi.org/10.2174/187153008783928361

De Reggi, M. and Gharib, B. (2001) Protein-X, Pancreatic Stone-, Pancreatic Thread-, Reg-Protein, P19, Lithostathine,
and Now What? Characterization, Structural Analysis and Putative Function (S) of the Major Non-Enzymatic Protein
of Pancreatic Secretions. Current Protein & Peptide Science, 2, 19-42. https://doi.org/10.2174/1389203013381233

Sekikawa, A., Fukui, H., Suzuki, K., et al. (2010) Involvement of the IL-22/REG la Axis in Ulcerative Colitis. Labor-
atory Investigation, 90, 496-505. https://doi.org/10.1038/labinvest.2009.147

Zenilman, M.E., Magnuson, T.H., Swinson, K., et al. (1996) Pancreatic Thread Protein Is Mitogenic to Pancrea-
tic-Derived Cells in Culture. Gastroenterology, 110, 1208-1214. https://doi.org/10.1053/gast.1996.v110.pm8613011

Fukui, H., Kinoshita, Y., Maekawa, T., et al. (1998) Regenerating Gene Protein May Mediate Gastric Mucosal Proli-
feration Induced by Hypergastrinemia in Rats. Gastroenterology, 115, 1483-1493.
https://doi.org/10.1016/S0016-5085(98)70027-7

Unno, M., Yonekura, H., Nakagawara, K., et al. (1993) Structure, Chromosomal Localization, and Expression of
Mouse Reg Genes, Reg I and Reg Il. A Novel Type of Reg Gene, Reg I, Exists in the Mouse Genome. Journal of Bi-
ological Chemistry, 268, 15974-15982. https://doi.org/10.1016/S0021-9258(18)82347-X

Zhao, D., Kim, Y.H., Jeong, S., et al. (2018) Survival Signal REG3a Prevents Crypt Apoptosis to Control Acute Ga-
strointestinal Graft-versus-Host Disease. The Journal of Clinical Investigation, 128, 4970-4979.

Vasseur, S., Folch-Puy, E., Hlouschek, V., et al. (2004) P8 Improves Pancreatic Response to Acute Pancreatitis by
Enhancing the Expression of the Anti-Inflammatory Protein Pancreatitis-Associated Protein I. Journal of Biological
Chemistry, 279, 7199-7207. https://doi.org/10.1074/jbc.M309152200

Hartupee, J.C., Zhang, H., Bonaldo, M.F., et al. (2001) Isolation and Characterization of a CDNA Encoding a Novel
Member of the Human Regenerating Protein Family: Reg IV. Biochimica et Biophysica Acta (BBA)-Gene Structure
and Expression, 1518, 287-293. https://doi.org/10.1016/S0167-4781(00)00284-0

Numata, M. and Oshima, T. (2012) Significance of Regenerating Islet-Derived Type IV Gene Expression in Gastroen-
terological Cancers. World Journal of Gastroenterology, 18, 3502-3510. https://doi.org/10.3748/wjg.v18.i27.3502

Dai, J., He, Y., Jiang, M, et al. (2021) Reg4 Regulates Pancreatic Regeneration Following Pancreatitis via Modulating
the Notch Signaling. Journal of Cellular Physiology, 236, 7565-7577. https://doi.org/10.1002/jcp.30397

Wang, Y., Yan, W., Lu, Y., et al. (2023) Intestinal Reg4 Deficiency Confers Susceptibility to High-Fat Diet-Induced
Liver Steatosis by Increasing Intestinal Fat Absorption in Mice. JHEP Reports, 5, Article 100700.
https://doi.org/10.1016/j.jhepr.2023.100700

Zheng, H.C., Xue, H. and Zhang, C.Y. (2022) REG4 Promotes the Proliferation and Anti-Apoptosis of Cancer. Fron-
tiers in Cell and Developmental Biology, 10, Article 1012193. https://doi.org/10.3389/fcell.2022.1012193

Francis, P.J., Southgate, J.L., Wilkin, T.J., et al. (1992) Expression of an Islet Regenerating (Reg) Gene in Isolated Rat
Islets: Effects of Nutrient and Non-Nutrient Growth Factors. Diabetologia, 35, 238-242.
https://doi.org/10.1007/BF00400923

Anastasi, E., Ponte, E., Gradini, R., et al. (1999) Expression of Reg and Cytokeratin 20 during Ductal Cell Differentia-
tion and Proliferation in a Mouse Model of Autoimmune Diabetes. European Journal of Endocrinology, 141, 644-652.
https://doi.org/10.1530/eje.0.1410644

Baeza, N., Sanchez, D., Vialettes, B., et al. (1997) Specific Reg Il Gene Overexpression in the Non-Obese Diabetic
Mouse Pancreas during Active Diabetogenesis. FEBS Letters, 416, 364-368.
https://d0i.org/10.1016/S0014-5793(97)01241-6

Vaccaro, M.l., Calvo, E.L., Suburo, A.M., et al. (2000) Lipopolysaccharide Directly Affects Pancreatic Acinar Cells.
Digestive Diseases and Sciences, 45, 915-926. https://doi.org/10.1023/A:1005521007609

Livesey, F.J., O’Brien, J.A., Li, M., et al. (1997) A Schwann Cell Mitogen Accompanying Regeneration of Motor
Neurons. Nature, 390, 614-618. https://doi.org/10.1038/37615

Katsumata, N., Chakraborty, C., Myal, Y., et al. (1995) Molecular Cloning and Expression of Peptide 23, a Growth
Hormone-Releasing Hormone-Inducible Pituitary Protein. Endocrinology, 136, 1332-1339.
https://doi.org/10.1210/en.136.4.1332

DOI: 10.12677/acm.2024.1441087 765 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441087
https://doi.org/10.1074/jbc.272.5.3073
https://doi.org/10.1016/S0021-9258(18)69176-8
https://doi.org/10.1515/bmc.2011.055
https://doi.org/10.2174/187153008783928361
https://doi.org/10.2174/1389203013381233
https://doi.org/10.1038/labinvest.2009.147
https://doi.org/10.1053/gast.1996.v110.pm8613011
https://doi.org/10.1016/S0016-5085(98)70027-7
https://doi.org/10.1016/S0021-9258(18)82347-X
https://doi.org/10.1074/jbc.M309152200
https://doi.org/10.1016/S0167-4781(00)00284-0
https://doi.org/10.3748/wjg.v18.i27.3502
https://doi.org/10.1002/jcp.30397
https://doi.org/10.1016/j.jhepr.2023.100700
https://doi.org/10.3389/fcell.2022.1012193
https://doi.org/10.1007/BF00400923
https://doi.org/10.1530/eje.0.1410644
https://doi.org/10.1016/S0014-5793(97)01241-6
https://doi.org/10.1023/A:1005521007609
https://doi.org/10.1038/37615
https://doi.org/10.1210/en.136.4.1332

A, A%

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]
[42]
[43]

[44]

[45]

[46]

[47]
[48]

[49]
[50]

[51]

[52]

Kobayashi, S., Akiyama, T., Nata, K., et al. (2000) Identification of a Receptor for Reg (Regenerating Gene) Protein, a
Pancreatic S-Cell Regeneration Factor. Journal of Biological Chemistry, 275, 10723-10726.
https://doi.org/10.1074/jbc.275.15.10723

Van Hul, W., Wuyts, W., Hendrickx, J., et al. (1998) Identification of a Third EXT-Like Gene (EXTL3) Belonging to
the EXT Gene Family. Genomics, 47, 230-237. https://doi.org/10.1006/gen0.1997.5101

Osman, N.M.S., Kagohashi, Y., Udagawa, J., et al. (2003) al,4-N-Acetylglucosaminyltransferase Encoding Gene
EXTL3 Expression Pattern in Mouse Adult and Developing Tissues with Special Attention to the Pancreas. Anatomy
and Embryology, 207, 333-341. https://doi.org/10.1007/s00429-003-0348-z

Takasawa, S., Ikeda, T., Akiyama, T., et al. (2006) Cyclin D1 Activation through ATF-2 in Reg-Induced Pancreatic
p-Cell Regeneration. FEBS Letters, 580, 585-591. https://doi.org/10.1016/].febslet.2005.12.070

Van Ba, I.LA.T., Marchal, S., Frangois, F., et al. (2012) Regenerating Islet-Derived 1la (Reg-1la) Protein Is New Neu-
ronal Secreted Factor that Stimulates Neurite Outgrowth via Exostosin Tumor-Like 3 (EXTL3) Receptor. Journal of
Biological Chemistry, 287, 4726-4739. https://doi.org/10.1074/jbc.M111.260349

Bishnupuri, K.S., Luo, Q., Murmu, N., et al. (2006) Reg IV Activates the Epidermal Growth Factor Receptor/Akt/
AP-1 Signaling Pathway in Colon Adenocarcinomas. Gastroenterology, 130, 137-149.
https://doi.org/10.1053/j.gastro.2005.10.001

Wang, H., Hu, L., Zang, M., et al. (2016) REG4 Promotes Peritoneal Metastasis of Gastric Cancer through GPR37.
Oncotarget, 7, 27874-27888. https://doi.org/10.18632/oncotarget.8442

Okamoto, H. (1999) The Reg Gene Family and Reg Proteins: With Special Attention to the Regeneration of Pancreatic
p-Cells. Journal of Hepato-Biliary-Pancreatic Surgery, 6, 254-262. https://doi.org/10.1007/s005340050115

Unno, M., Nata, K., Noguchi, N., et al. (2002) Production and Characterization of Reg Knockout Mice: Reduced Pro-
liferation of Pancreatic $-Cells in Reg Knockout Mice. Diabetes, 51, S478-S483.
https://doi.org/10.2337/diabetes.51.2007.5478

Aida, K., Kobayashi, T., Takeshita, A., et al. (2018) Crucial Role of Reg | from Acinar-Like Cell Cluster Touching
with Islets (ATLANTIS) on Mitogenesis of Beta Cells in EMC Virus-Induced Diabetic Mice. Biochemical and Bio-
physical Research Communications, 503, 963-969. https://doi.org/10.1016/j.bbrc.2018.06.103

Calderari, S., Irminger, J.C., Giroix, M.H., et al. (2014) Regenerating 1 and 3b Gene Expression in the Pancreas of
Type 2 Diabetic Goto-Kakizaki (GK) Rats. PLOS ONE, 9, e90045. https://doi.org/10.1371/journal.pone.0090045

Hill, T., Krougly, O., Nikoopour, E., et al. (2013) The Involvement of Interleukin-22 in the Expression of Pancreatic
Beta Cell Regenerative Reg Genes. Cell Regeneration, 2, 1-11. https://doi.org/10.1186/2045-9769-2-2

Zhou, L., Zhang, R., Wang, L., et al. (2010) Upregulation of REG la Accelerates Tumor Progression in Pancreatic
Cancer with Diabetes. International Journal of Cancer, 127, 1795-1803. https://doi.org/10.1002/ijc.25188

Astorri, E., Guglielmi, C., Bombardieri, M., et al. (2010) Circulating Regla Proteins and Autoantibodies to Regla
Proteins as Biomarkers of -Cell Regeneration and Damage in Type 1 Diabetes. Hormone and Metabolic Research, 42,
955-960. https://doi.org/10.1055/s-0030-1267206

Bacon, S., Kyithar, M.P., Schmid, J., et al. (2012) Serum Levels of Pancreatic Stone Protein (PSP)/ReglA as an Indi-
cator of Beta-Cell Apoptosis Suggest an Increased Apoptosis Rate in Hepatocyte Nuclear Factor 1 Alpha (HNF1A-
MODY) Carriers from the Third Decade of Life Onward. BMC Endocrine Disorders, 12, 1-8.
https://doi.org/10.1186/1472-6823-12-13

Yang, J., Li, L., Raptis, D., et al. (2015) Pancreatic Stone Protein/Regenerating Protein (PSP/Reg): A Novel Secreted
Protein Up-Regulated in Type 2 Diabetes Mellitus. Endocrine, 48, 856-862.
https://doi.org/10.1007/s12020-014-0427-3

Li, L., Jia, D., Graf, R., et al. (2017) Elevated Serum Level of Pancreatic Stone Protein/Regenerating Protein (PSP/Reg) Is
Observed in Diabetic Kidney Disease. Oncotarget, 8, 38145-38151. https://doi.org/10.18632/oncotarget. 16369

Li, Q., Li, B., Miao, X., et al. (2017) Reg2 Expression Is Required for Pancreatic Islet Compensation in Response to
Aging and High-Fat Diet-Induced Obesity. Endocrinology, 158, 1634-1644. https://doi.org/10.1210/en.2016-1551

R, XIIFI, SRR, Reg FERI SR AN IR S g 4l AE K RS2 ma[d). Az R gk, 2009, 40(1): 55-58.

Yu, L., Li, X, Zhang, Z., et al. (2019) Dimorphic Autoantigenic and Protective Effects of Reg2 Peptide in the Treat-
ment of Diabetic $-Cell Loss. Diabetes, Obesity and Metabolism, 21, 1209-1222. https://doi.org/10.1111/dom.13644

Wang, H., Vatamaniuk, M.Z., Zhao, Z., et al. (2023) Interdependencies of Gene Expression and Function between
Two Redox Enzymes and REG Family Proteins in Murine Pancreatic Islets and Human Pancreatic Cells. Antioxidants,
12, Article 849. https://doi.org/10.3390/antiox12040849

Narushima, Y., Unno, M., Nakagawara, K., et al. (1997) Structure, Chromosomal Localization and Expression of

DOI: 10.12677/acm.2024.1441087 766 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441087
https://doi.org/10.1074/jbc.275.15.10723
https://doi.org/10.1006/geno.1997.5101
https://doi.org/10.1007/s00429-003-0348-z
https://doi.org/10.1016/j.febslet.2005.12.070
https://doi.org/10.1074/jbc.M111.260349
https://doi.org/10.1053/j.gastro.2005.10.001
https://doi.org/10.18632/oncotarget.8442
https://doi.org/10.1007/s005340050115
https://doi.org/10.2337/diabetes.51.2007.S478
https://doi.org/10.1016/j.bbrc.2018.06.103
https://doi.org/10.1371/journal.pone.0090045
https://doi.org/10.1186/2045-9769-2-2
https://doi.org/10.1002/ijc.25188
https://doi.org/10.1055/s-0030-1267206
https://doi.org/10.1186/1472-6823-12-13
https://doi.org/10.1007/s12020-014-0427-3
https://doi.org/10.18632/oncotarget.16369
https://doi.org/10.1210/en.2016-1551
https://doi.org/10.1111/dom.13644
https://doi.org/10.3390/antiox12040849

KBNS, PIER

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Mouse Genes Encoding Type 111 Reg, Regllla, Reglllg, Regllly. Gene, 185, 159-168.
https://doi.org/10.1016/S0378-1119(96)00589-6

Abe, M., Nata, K., Akiyama, T., et al. (2000) Identification of a Novel Reg Family Gene, Reg 114, and Mapping of All
Three Types of Reg Family Gene in a 75 Kilobase Mouse Genomic Region. Gene, 246, 111-122.
https://doi.org/10.1016/S0378-1119(00)00059-7

Shin, J.H., Bozadjieva-Kramer, N., Shao, Y., et al. (2022) The Gut Peptide Reg3g Links the Small Intestine Microbi-
ome to the Regulation of Energy Balance, Glucose Levels, and Gut Function. Cell Metabolism, 34, 1765-1778.
https://doi.org/10.1016/j.cmet.2022.09.024

Everard, A., Lazarevic, V., Gaia, N., et al. (2014) Microbiome of Prebiotic-Treated Mice Reveals Novel Targets In-
volved in Host Response during Obesity. The ISME Journal, 8, 2116-2130. https://doi.org/10.1038/ismej.2014.45

Tremblay, S., Romain, G., Roux, M, et al. (2017) Bile Acid Administration Elicits an Intestinal Antimicrobial Pro-
gram and Reduces the Bacterial Burden in Two Mouse Models of Enteric Infection. Infection and Immunity, 85, €00942-16.
https://doi.org/10.1128/1A1.00942-16

Koehler, J.A., Baggio, L.L., Cao, X., et al. (2015) Glucagon-Like Peptide-1 Receptor agonists Increase Pancreatic
Mass by Induction of Protein Synthesis. Diabetes, 64, 1046-1056. https://doi.org/10.2337/db14-0883

Xia, F., Cao, H., Du, J., et al. (2016) Reg3g Overexpression Promotes S Cell Regeneration and Induces Immune To-
lerance in Nonobese-Diabetic Mouse Model. Journal of Leucocyte Biology, 99, 1131-1140.
https://doi.org/10.1189/jIb.3A0815-371RRR

Takahashi, I., Noguchi, N., Nata, K., et al. (2009) Important Role of Heparan Sulfate in Postnatal Islet Growth and In-
sulin Secretion. Biochemical and Biophysical Research Communications, 383, 113-118.
https://doi.org/10.1016/j.bbrc.2009.03.140

Chakkera, H.A., Kudva, Y. and Kaplan, B. (2017) Calcineurin Inhibitors: Pharmacologic Mechanisms Impacting Both
Insulin Resistance and Insulin Secretion Leading to Glucose Dysregulation and Diabetes Mellitus. Clinical Pharma-
cology & Therapeutics, 101, 114-120. https://doi.org/10.1002/cpt.546

Li, S., Zhou, H., Xie, M., et al. (2022) Regenerating Islet-Derived Protein 3 Gamma (Reg3g) Ameliorates Tacroli-
mus-Induced Pancreatic f-Cell Dysfunction in Mice by Restoring Mitochondrial Function. British Journal of Pharma-
cology, 179, 3078-3095. https://doi.org/10.1111/bph.15803

Siddique, T. and Awan, F.R. (2016) Effects of Reg3 Delta Bioactive Peptide on Blood Glucose Levels and Pancreatic

Gene Expression in an Alloxan-Induced Mouse Model of Diabetes. Canadian Journal of Diabetes, 40, 198-203.
https://doi.org/10.1016/j.jcjd.2015.09.096

iRk, MidiAr, T, %5, HE2H Reg3a B ERHER S B 40 M3 5E I S HLH BT[], Z9MEMEIR, 2014,
21(6): 487-493.

DOI: 10.12677/acm.2024.1441087 767 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1441087
https://doi.org/10.1016/S0378-1119(96)00589-6
https://doi.org/10.1016/S0378-1119(00)00059-7
https://doi.org/10.1016/j.cmet.2022.09.024
https://doi.org/10.1038/ismej.2014.45
https://doi.org/10.1128/IAI.00942-16
https://doi.org/10.2337/db14-0883
https://doi.org/10.1189/jlb.3A0815-371RRR
https://doi.org/10.1016/j.bbrc.2009.03.140
https://doi.org/10.1002/cpt.546
https://doi.org/10.1111/bph.15803
https://doi.org/10.1016/j.jcjd.2015.09.096

	Reg蛋白家族在糖尿病中的研究现状
	摘  要
	关键词
	Current Research Status of Regenerating Protein (Reg) Family in Diabetes Mellitus
	Abstract
	Keywords
	1. 引言
	2. Reg蛋白家族
	2.1. Reg蛋白家族分类
	2.2. Reg蛋白结构、分布及相关作用
	2.3. Reg蛋白表达调控及信号通路

	3. Reg蛋白家族在糖尿病中的病理生理学
	4. 结语与展望
	参考文献

