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Xt SR B 18 L 57 4 AR 4 AN JElE P R T 2 Al
1EE. T HAHLHIBITER

HEF FIE DaER REE BREK K & KEE ake
CHRMEE BRI BE e 2 A% B, WFTT 48 D S 2 T SE0 5, TR 325035,
2o B ST O 5 A LR 5 S8 5, AT 100101)

BE LB ALZTRAARERNANGN, RBRMARRENEEZRILFTENR. HIKRE
bath i TN AWM EAL A G SR, ARSI A G h RIAEA LR R RE 8 Ak satkE
AR PR E, R i s e e B AE R Al dE T T ieg h . ke R L. 8t
WAILR, K IAaxt R ¥ LR AR s M B AR R, St BRI AR B B e R AR
Bk, FIE 3 A RAEE, 4Rt i SIS T 48/ (intestinal stem cell, ISC).  m%% %8 it (entero-
blast, EB)#= M L & 4m &l (enterocyte, EC)#) 4k & An bb ) 6245 = A %ok, B R ZATL Ut I T 4m fn 6438
78 ; Real-time RT-PCRA® M| 45 R & B, Wi 40 48 F & &K A K B F X 4k (epidermal growth factor recep-
tor, EGFR)#2JAK/STAT/Z 5 i 34 Bt Ak A B 49 4% KK -F B %R &, JAK/STAT/E 5 i 34 F) B A8 K
JEEA, RE T HIREARNIEAIT R I LR AR . BRI R F AR i AR,
B, Z KA AL A R B IA 1 4 4R ER R GAAR K BUR R G, A TiE T 48 i 49 EGFRA=JAK/
STATAZ 5 i@ 3%, M AR HEISCHY3E T 5 e 7, 4k do 52 BLXT M i 4% 2R 4 AT BT 6945 2. R
P T fm 38 FAAE 5B A 00 B B E VA BT e e Y i 3 A R AR LA i R I AT S R A e
T 8.
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Research on Effects of Cadmium Induced Intestinal Epithelial Cell
Injury and Regulation on Intestinal Stem Cells Regeneration

and Differentiation in Drosophila Mid-gut
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Abstract Cadmium is a typical toxic heavy metal element, which is extremely harmful for people’s
health in environment. To explore the harmful mechanism of cadmium in digestive system, we use the Drosophila

adult mid-gut, which is proved an excellent model to study tissue damage and intestinal stem cell (ISC) regulation
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mechanisms. In this work, the flies were fed with different concentrations of cadmium chloride. Cadmium over
intake could induce ultra-structural damage in mid-gut epithelial cells, especially the nuclear membrane, mitochon-
drion and microvilli. The level of damage is directly depending on the concentrations of cadmium used. Immuno-
fluorescence studies show that the number and proportion of ISC, enteroblast (EB), enterocyte (EC) are varied
among different cadmium feeding groups, as cadmium could up-regulate the proliferation and differentiation ability
of ISC. Real-time RT-PCR data demonstrate that cadmium treatment induces over-expression of epidermal growth
factor receptor (EGFR) and JAK/STAT ligands in fly guts. All our results demonstrated that mid-gut epithelial cell
damaged by cadmium treatments were mainly manifested by nuclear membrane blurring or wrinkle, mitochondrial
swelling, vacuolization, hetero-pyknosis and intestinal microvilli defects. And the ultra-structural damaged in ECs
could up-regulate the expression of EGFR and JAK/STAT signaling ligands, which promoted ISC proliferation and
differentiation. Thus the gut regenerates through refurnishing the damaged ECs by newly differentiated cells from

ISCs. So, this mechanism enables digestive system to adapt the toxic environmental heavy metals, like cadmium.

However, overactivation of these signaling pathways could also lead to potential tumorigenesis in gut.
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fiff 4T 2> (International Agency for Research on Cancer,
IARO)#IN N —BUEY) . H 815 YR 8 i
NPER R AW ASEANAR A, T FEARHE b A4 A A
th, IR G R FE M R, & REUE LA
s, CHAEXS S TE R G R A E .

RURHTHAL RFAE LTSN . AR 8%
A R TR ST Ge b, #S B HES A
FEAR R IR RAPED PR b, SR 20 5 0T 71 T2
Mo & fvia ALV EE P E AR S )T . Spradling
HiPerrimon= 5 2 12 FH i 18 48 M 1) AH 55 43 F AR id K
PR, B Sb 1) w7 A7 AE i 78 T 41 i (intestinal stem
cell, ISC)*3, ISCE LA 224y 447~ — A FARISCHI
— ™ % i 41 i (enteroblast, EB), J¥ i 41 i S A PL 4y
AW A TR D g L Bz 44 B (enterocyte, EC)AH 4 A 7Y
] N 43 W 41 fifd (enteroendocrine cell, EE). X 2541 g
ILEIM R T IiE A 2R, I Hoa i g 40 i e 5 5
3R S I R R B

R K 2 800t 78 8 9 e i) R A2 5+ 4 i
FEYIAE O, (A R 3L g 2H 23 b A7 A iR T 4 A,
XA T B AT 72 A SOAAR R R A SR
AV E SRR, R, SRR R b g 1 A
FREE VEAL A 40 1) K B W E R it — 2
B N 7S NS W A TE 508 (1) R0 40 - LB
LMD NG o

cadmium; Drosophila; ultra-structural damage; mid-gut; stem cell

1 MRI5E%
1.1 SEEzhAniR

B 5 Resg-Gald, UAS-GFP/Cyo, Tub-GalS80"/
Tm6BAIw" ' ey v [B R} 2% Bt 20 P 50 i vk 88 46 24
I

AR FALAR . T Wy 5 v [ 2= 25 4L 1A Eilg
AT A F]; HRER A Ted Pella, Inc/A 7] 7= i, FREM
AEEpon812°AServa/s &) 77 fii; — Himouse anti Delta
rabbit anti-Armadillo¥?) 1 H Developmental studies
hybridoma bank; ¢ Y% B — T H Invitrogen A #;
SlowFade Gold antifade reagent([ ¢ 't 74 K51 H
Life Technologies; RNAFEHUA G S skl A1) &
F1Go-Taq ®PCR Master Mix}3) Promega /s & = i,
Real-time RT-PCR5| ¥ th #6 KEE K A~ 7 & (51 90 7
HIWETD),
12 7
1.2.1 ReBFifesasts®  ARIERE DS
TG S5 R, B 2R 2 73 i 95, 15, 30 mg/LE AL
B ] A R R, — PR R 48 R T SR SR
Fie B/ 51 0 1) LARL, AEAS 52 0] R R PR A7 T (B 45
FRe 5y ARG, A DAAS B SR AR ) 15 77 5 8 B
PEXT A . SIEO6 3 Y (0 SR Nesg-Gal4, UAS-GFP/
Cyo, Tub-Gal80"/Tm6B i %, HAN MK JE AL PR BE 104
YENEHE, T(24+0.5) °C. FHXH i FF65%~70%% 1
TEEFR, BF AR R A

122 R¥EF I LR mie R mIR PR
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#1 Real-time RT-PCR3 #1553
Table 1 The sequences of Real-time RT-PCR primers

ElEZE2Y0 SR (53" H %
Primer name Primer sequence(5'-3") Target gene
RpL11-S GGT CCG TTC GTT CGG TAT TCG C
RpL1l(reference gene)

RpLI11-A GGATCG TAC TTG ATG CCC AGATCG
Spitz-S TTG TAT TCG CAT CGC TGT CCC AT i

pitz
Spitz-A ACCACGACGACCACGCCCA
Keren-S AAT GCC TGG GGC GAT TGG AG X

eren
Keren-A TGT GCT GTG TGG TTT TGT ATC TGC G
Vein-S GGT GCC ATT ATG GAA GCA GTA GTC GA Voi

ein
Vein-A GCT CCT TCA ATA GTT CCT CCG ATG C
Updl1-S GGT GAT GGA CCG CTG ATC CCA G o
Updl-A CCG CAG CCT AAA CAG TAG CCA GG ’
Upd2-S CAA GTC TTTAGC TTC ACC GCA CTT GTG Und2

P
Upd2-A CAA GGA CGA GTT ATC AAG CGCAAG C
Upd3-S ATC ACC ACC AAT GCG GACAAG C Und3
Upd3-A TGG CCA GGT CCC AGT GCAACT P
Socs36E-S GCA GGG CTC GAA GAA CAT CACG

Socs36E

Socs36E-A GAA GTA CGG CAG GTC ACT GCA CG

TP BRI B, A Y G AR A R R A
HhEEE IR R A WL R IRAE T, T 28K 7 HIAE 5 b
B ZH 00T R 2H A L g O PR SR w20 A, AE i vA
(IPBSH i, HUH B, [ R e, IR K2
1 mmP) 1 J5 B, SRR IR B, ), H AL
H7500 8417 5 A AL %2, REAHIE % .

123 R#EFHFISC. EBFECLIGitEs %t
A b3, T 510K 7 A AE & b 3 2H A e 4H o [l
ML O 1 SR g 2520 L, FR7A PBS H e 1) HCAR g f
JIEHE, [ e, PBSTHR% 5 5% NHS-PBSTA
115 min, 4 °C—Hugetaid i, veik, Fdi, 22 °C=
e 1.5 h, Pk, JEEEKZ 1T mm)
Ja B, BEWMARI PO KGRI b, s, B’
M EHiFluoView FV10003L 5 £5 B s T L%, 34
BEATL AR A 1 20441 )2 100 1 i 4 e P44

1.2.4 Real-time RT-PCRAM  DAw'’s B g S
MRL, A A5 B8, $REN30 mg/LA4R Ab BE 4L [ 4 X i
L ME T SR8 530, 7E A FIPBS A 1 B L g i,
Promegaif 71 & $& HUE RN A [ 7% 5% N cDNA, i H
Go-Taq ®PCR Master MixfICFX96 PCRY™ 11X (Bio-
Rad)#EAT4 38, H 3RS HdE .

125 %t FLBRIEFELE Tl T4
(ISC)~ MM4I(EB). b Bz 4l (EC) bb 1] 25 % s LA
BB 22 R ow, A1) LA B B IR 25 7 22 (One-

way ANOVA) /M r, K SPSS16.08 44347 48 it 24 Ak
. Spitz. Keren. Vein. Updl/2/3 F1Socs36E mRNA
Fis g4 KK & I 2 CE S I A ik B AR
P22 3RS, 35 PER L6 F student-z-test /7 7%

2 H#R
2.1 iEXTERYES A LR 4B R E IR E R
Maroni %5 ¥ & 3 FH 2 5 B 0 1 77 10 SR e Ak Y
BT RER, HEEHAET A kA, T
ARSI SR FH i 43 2 m Y LB, AN [ 7 B K CE )
B A ) S i AH 2R A A R AT TSR, B
— DR TR A
2.1.1 4@t Rds o B bR L 0T SR AR Ak 45 AR 09 B0
YRR HBDUL SR R iz b R A A R T 4
xR L, 455 BoR: 5 mg/LACERZH F R 4m i W
/BG40 P EIAZ S A T AN P, R A M P A
15 mg/LACF A AT UL 5 40 MO AZ B4 4 AN 08, SRl
PR 30 mg/LACFR A v] WA % b Jiz 2 it A% A
1, #8734 A% [ 4 (4 1 A-E1D) o
2.1.2  ARxt RdE P R bR a0 KA AR AR AR LE A 0 IR
GAER  HEM SR S iy b R A B SR AR
gity, ST, 4R ER: 5 mg/LAb B4 4
WA B R A 2 Ak, B G R R, BN K
15 mg/L Ak 2H 48 ff 28 Wi A A 2= 3 Ak, 8 2 45
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(.

Az IR, S PRI SE BT B: 5 mg/LARAC PR, 5 Sk s8R Ak AR C: 15 mg/LARARERAL, 7 Kk Tom i AR, Y9k D:
30 mg/LEAALERA, i kPR Az AR, B 4, E: XTERAL ik T bR S IE W, JE P et 5); Fr 5 mg/LARALBRAL, i Sk Fr s 2ok i3 it
AL, FEFURR; G 15 mg/LERALHRAL, 5 Sk TR R R B 240 . K H: 30 me/LARALFRAL, Sk rasdobifh 4. A2/, Gy I
XA, PAARTHESEST T 5 mg/LARAL AN, i Sk sl o0 L B AR Bk 2k K: 15 me/LAAEERA, i kTR 07> b R A R B 8k L
30 mg/LARAbFRAN, {57 Sk FTHEH8 4 b R A0SR BB, M: 30 mg/LARACRAL, 7 Sk Frfe R A ittt 2F . T sS4 it .

A: control group, the nuclear membrane is intact and sharp(arrow); B: 5 mg/L cadmium treated group, nuclear membrane is wrinkled and blurred in
some regions(arrow); C: 15 mg/L cadmium treated group, the wrinkled and blurred area is enlarged in this panel(arrow); D: 30 mg/L cadmium treated
group, nuclear membrane is more ambiguous and easy to observe hetero-pyknosis of nucleus; E: control group, normal status of mitochondrion, the
plasma is stained uniformly(arrows); F: 5 mg/L cadmium treated group, the vacuolus of mitochondrion are founded, weak staining of plasma(arrows); G:
15 mg/L cadmium treated group, vacuolization and swell detected in mitochondrion(arrow); H: 30 mg/L cadmium treated group, more hetero-pyknosis,
shrinking and darken staining phenomenon in mitochondrion(arrows); I: control group, regular arrangement of microvilli(arrow); J: 5 mg/L cadmium
treated group, the lost of microvilli(arrows); K: 15 mg/L cadmium treated group, more microvilli lost(arrows); L: 30 mg/L cadmium treated group, the
microvilli are absent(arrows); M: 30 mg/L cadmium treated group, and cytoplasm is budding and escaping from ECs(arrows).

B S R8P A7 R AR M EE R IR A 1 E R

Fig.1 Cadmium treatments induced fruit fly mid-gut ultra-structural damages in ECs

R b, A L2 KL A4 [ 45 30 mg/LALERZH 5 53 2k
LA 73 AL R b B, 2 R A [ 45 3 % BH S5 (F&I 1E- I
1H).
2,13 4AEsf R M bR e ok X 0 B4 A A
XTREZH R A0 B ARSI 5F, R ILERR; 5 mg/L
b FRZE /D H bR A AR R R R R, B R TE R D
15 mg/LACBR A | Bz 4t M 1 4% B sk 2 39, s 23
Bl K5 30 mg/LAd 3 2H 4% 6 ik < 40 L, S5k 2k
Bl R (EII-E1L) . 7E30 mg/LANEEZH FhAsi I, F 7
2 B 5 2 B DA HR 2 T =X B A i T ik 4 i A
F(EIIM).
22 WxIRWEHIET . A 4EAR N LR 4
ok gAY

8 it esg-Gal4, UAS-GFP/Cyo, Tub-Gal80"/Tm6B
il R R AT e B B PR R, A

Bl DA SR 1 40 B ) A 30 P I 25 1 Delta(Noteh {5
5 308 R ) ) R 2 R e Y £, T 9 R 3 A A 4
R iz rh S RN (E2) o AN SIS SR FH AR TS
VX A B S 6 2L 17 SR o P 4 A B i AT 4 25
R 5 Le i SE it

F 3 SR A AR T H R R i A e I gt
3 ISC. GFPPH %4 ff (ISC+EB) ) £i & 75 b 2
A RERETHRA. EEESIT SRS, G
HBEHLEEL10N T i E ), gt HhISC. EB
MECHN M ¥ =, JEIHAISC. EB. EC5 40/ =
$(ISC+EB+EC+ee) 1 LUK, 41MH] b 45 R LK 2.
23 RALEBERWPHEE LIBAEGFRFJAK/
STAT{E S B RE AR HER

i Ak BT 3¢ 1R 1 R 3E R i T 200 i 3 B 1Y) R R
55 5 10 24 W R AR 45 405 A5 TR AR A AR
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10 pm

10 pm

10 pm

10 pm 10 um

A WYL B: 5 mg/LANEEYL; C: 15 mg/LALFRA; D: 30 mg/LALHEA
A: control group; B: 5 mg/L treatment group; C: 15 mg/L treatment group; D: 30 mg/L treatment group.

E2 $RIREERE 5T 4RRag5E

Fig.2 Cadmium treatment promoted ISC proliferation in fruit fly mid-gut

72 BITRIEFAFISC. EBFECLHAEEL FIRENG
Table 2 Cadmium treatments effected on the proportion of ISC, EB and EC in fruit fly mid-gut

451 (R ISC/4H i 2 %% (ISC+EB)/4 1 4. % EB/4H i 2% EC/4 4k
Group n ISC/total cell (ISC+EB)/Total cell EB/total cell EC/total cell
Control 10 0.104+0.037 0.39440.088 0.289+0.022 0.606+0.088
5 mg/L 10 0.142+0.037* 0.447+0.125 0.305+0.100 0.552+0.125
15 mg/L 10 0.176+0.045%%** 0.458+0.118 0.282+0.112 0.541+0.118
30 mg/L 10 0.263+0.047***LLLAAA 0.492+0.073* 0.224+0.067 0.508+0.073*

#P<(.05, **%P<0.001, S EALLL; 244P<0.001, 55 mg/LARALTAL LG, A44P<0.001, 5515 mg/LARALTAL LA
#P<().05, ***P<0.001 compared with control group; ©““P<0.001 compared with 5 mg/L cadmium treated group; 444 P<0.001 compared with 15 mg/L
cadmium treated group.

I, FA1K FReal-time RT-PCR J7 ¥ X EGFRAIJAK/ fic /4 Spitz. Keren. Veinf1JAK/STAT/H 5 il #% Bt &

STATIX P 2% 17 1 T 20 o 2 B2 4215 5 e 12 () e 4k Upd2. Upd33ik/K-1¥)4H 3 FE3). AR

B BEAT T e SRR BRI o 25 SRR S, B4 (R [F IS Al T JAK/STATAS 5 38 2% 8 5 [K] Scos 36 E (1) i

T 2 T8 T A5 5 18 B I8 A1 R S BG4 Af 144 5 IR, HmRNAZR IR K- T e il i 2 (K13), UESE5%

5o i A FH () SR 0 7 30 Ak T TAK/S TATAS 53 86 v 25 s
30 mg/L4@ AL B 1) SR 0 rF i, EGFRAE 518 4% R, AR FREIISCHIIETE S 51k
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*P<0.05, **P<0.01.
[El3 Real-time RT-PCRZRIELHERF LIAREBHES
EGFRFIJAK/STAT{E S BB AC (AR E R
Fig.3 Cadmium treatments could enhance EGFR and JAK/
STAT signaling through up-regulation of their ligands in
fruit fly guts by Real-time RT-PCR
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WE MR A IR, BA SR,
HEARERPUEN. MaroniZEPUR L S@EY)
TR 3% 1) SR 2y A T R I 80%, E A7 Y SR Mg 1
WEMR T RER, I EEAAE T W LR, ZUEUH
WiE L el g R ER SR E 2 —, JF
AREXT e A K BB M. FRATTAE HLBE R XS B
W B S R AT M8, RIMAEAR B e 26 T, 13
KA b 5 20 Mk M 2k A4 A 9 B 40 A
A o 5 S N TR PR IR N, DL 0 A el A ) 2 45
P2 P AH R ™ B X — 3 R ] e 5 A B T ) o
LB AR PO 2R DT 402 4% FBE 1A 25 4 A K10 T4 Ak
OO 2R AR R B R R BN BRI K. S
P Ho e I A8 I, X AT AR YR T AR A RE 8 0T
AR T 0 AR R B AR SR K I AT
KW, R RE X E R R . AETE. el
VEFAE A A%, Horh B3 am o B WA FH T s 10
Y MAE 5 BRI N o B SCER R, ZoRi ik
T BOd A A B AR A, R R 4 R
A A AL B 3, SR N AR 7K
A OB S E, oxf P AR A R L, 3 S i A
FA K™Yo ] I 2 5 30 ) AL 238 B AR SR T 4
DR JDRORE 3, fu i J5T oA i o o S A P HE AR, 3B AT LA
) SE A A i TR A, T 038 S ) e 1

A0 P A3 IR FED

SR i T T 200 L P A BB B R S 4R R R
TE 20 A (0 A AR, S8 A B P G B RO 4 A kb 7
P b 7 401 A DAL I R R T B A7 4 A T ek b fr 4
FUo-t, BRATTFH B SR A, AR (R Ak R )
b i b R A 25 R H B A A AR, B
A FTREFECE R A BE T i b 5 & i 1) sk
FE 7 IR T TR A0 A I A K I B I e 2 AT
esg-Gal4,UAS-GFP/Cyo,; Tub-Gal80"/Tm6B i Z H iy
HATHR I RS20, WO RE BMEGHE R &b
AL AAISCAN R B = TR AL, [F, 3.
A% B0 T VA 5 4 b 3L ECAH i K Ll 91 5 3 A1 T %
T8 41(P<0.05), X Al it S ECAN it B 52 HikH o, i =
Tk i i b 3 20 R ISC AT A 1 b5 3587 58 3 v 1 %o R
H(P<0.05), IX— L GUESE T ISCAH 1S 5 e /) i &
BT, I HOERA S TR G i &

e N 7BCR A ARV SR S LR (e
Sk 4 FF W 18 40 M) 3 5E 5 4 K, AL FENotch.
Wnt(Wg). BMP(Dpp). EGFRFIJAK/STAT{E 5 i@
P65 . Staley %R IS A0 b R 4 i 32 0K — b
JAK/STAT/E 5 18 % W e AR Upd £ 1 R IR, &R
U iy 1 T4 M0 [ TAK/STATAS 538 %, M {2 ik
JV 38 T 40 B R 3G 5 A A LA SR 2 A 4 . Jiang
G, 2 2 B B R QB E N TORES
I, 7 7 i 20 23 [R) FF 25 7= 4 Upd 1. Upd2#1Upd3
SO I R IR TAK/STATAS 538 4%, 12538 IR g 40 i
a3k, T BB 0 b e R B B . 5
I [RI, HE VE ALEGFRAE 538 % [F) R 5 1% (2 1t T2
MOdG 5, Dididse bR anf A . DL B R R i
AT LA i 3 3K I EGFRAS 5 3 #% BE 4K Vein Al 57 95
FAC A K eren 1 Spitz 3 7] 18 1 55 43 WA A 43 W i 42
RO T4 M B B U4, SR T TAK/STAT S 3 0
V4% ] R SR G ) e R T Rl ) 2 TR I B Ak ), el
B HES Y, JAK3HISTAT3 (3t FF ik 5 fifgg
RAER BBV SR, Lin%gU0V% B, 7625 7 40
WA JAK3RISTAT3 ) R 42 1 0%« BilgerZ: !B &
P, 5 O I EGFRIE B I APC G 1 5t T
ZIN B FR) J IR e AR . T AE IR AL B W S e b R A g
H, EGFRACAR /KB B B3RS, A5t
Real-time RT-PCRA I )47 4b 1 2H HH JAK/S TAT I i
Bt /4 Upd 2 F1Upd3 mRNAZK 1A 7K 7 5 25 T g, [R i
JAK/STAT:E 4 11 ¥ 5 [K] Socs 36 Et 4% 153 5 #0005 ; 1M
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