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Abstract: This study was designed to obtain recombinant human thioredoxin (rhTXN) by gene cloning and
prokaryotic expression, and evaluated its therapeutic effect in the mouse ulcerative colitis (UC) model induced by
dextran sulfate sodium (DSS). The human thioredoxin gene TXN was cloned from the cDNA of Jurkat cells. The
recombinant expression plasmid pCold TF-rhTXN was constructed by restriction enzyme digestion. After
expression in E. coli BL21 (DE3), recombinant human thioredoxin was purified by a nickel column. Intact rhTXN
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recombinant protein was obtained after removal of the fusion partner-tag by enzyme digestion and the activity of
disulfide reductase was detected by the insulin reduction method. The animal experiments in this study were
performed in accordance with the ethical guidelines of the Laboratory Animal Welfare Ethical Review Committee
of Nanjing University. Experiment ulcerative colitis was induced by providing mice with sterilized drinking water
which contained 3% DSS. rhTXN was injected intraperitoneally. The therapeutic effect was studied by weight
change, colon length and HE (hematoxylin and eosin) stained sections. In vivo imaging was used to study the
targeting of rhTXN to DSS mice. The GSE107499 data set of GEO database was used to screen the hub genes at
the lesional sites of UC and study the correlation with TXN. The experimental results showed that rhTXN was
successfully expressed and purified with disulfide reductase activity. rhTXN (100 pg-kg™) had a significant
therapeutic effect on maintaining the weight change of mice (P = 0.000 5) and reducing intestinal injury (P < 0.000 1),
and had a colon targeting effect on DSS mice. In GSE107499 data set, TXN in inflammatory sites of UC patients
was significantly down regulated (P < 0.01) and negatively correlated with hub gene CD40 (P < 0.01) and
positively correlated with hub gene fibronectin 1 (FN1) (P < 0.01). In this study, biologically active rhTXN was
successfully prepared and proved to have a promising therapeutic effect on the DSS mouse model, and TXN gene
was significantly correlated with the UC hub genes CD40 and FN1.

Key words: recombinant human thioredoxin; protein purification; ulcerative colitis; dextran sodium sulfate;

e FR S5 NI UL 5 IR /N BRI 1 45 1 % 1) 24 280 A T - 1817 -

hub gene

T V45 % & (ulcerative colitis, UC) J& —#h 5% &
REHE G G, J& T 2 EE W (inflammatory
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WEEARE TEARZ I 5E B rhTXN. i PBS i 3% #t
J&, F A4k 1) rhTXN R 4f 3 7E-80 °C T IR A7 -

rhTXN BRI B MM 75 1 000 pl & WV &
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SRR SRS Lo /N BRABE IR FRAE 25 + 2 CCHE IR 5%
R, RFE 12 h G-I PE R, BB H EAK. 3
WS Be F WE RE K 2 SIS AR S B R A
1 ER4E 5 7 £ EAT

36 H/NERBEML 4> N 6 4 xf B 4H . DSS A .
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L KRS rhTXIN 2[R ¥ PCR 7= 49, £ £ 315 bp 4b 7]
DLRE S 1 2% (B AA), 55 8 s br R/ — 3. H
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Figure 1  Construction and identification of the recombinant
plasmid pCold TF-rhTXN. A: PCR products of rhTXN; B: pCold
TF plasmid after restriction enzyme digestion (Nde | and EcoR 1);
C: PCR results of recombinant plasmids. rhTXN: Recombinant

human thioredoxin; TF: Trigger factor
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Figure 2 Expression and purification of rhTXN in E. coli. A:
SDS-PAGE analysis of protein expression induced by 5 mmol-L™*
isopropyl--D-thiogalactoside (IPTG). 1: Total cellular protein after
IPTG induction; 2: Total cellular protein before IPTG induction; 3:
Cellular supernatant after induction; 4: Cellular supernatant before
induction; 5: Cellular precipitation after induction; 6: Cellular
precipitation before induction; 7: Protein marker; B: SDS-PAGE
analysis of rhTXN purification. 1: Protein marker; 2: rhTXN; 3:
TF-tag
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Figure 3  Analysis of disulfide reductase activity of rhTXN. n =3,
Xx+s. P <0.0001
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4 rhTXN %F DSS /N R 25 5 BRI 3R
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1 mg-kg™), BLinfliximab 1 Ay BH PE % B8 o 75 38 155 11 56
2 RN S RE 2, DG HRA BN E (B14A). thTXNZ
100 pg-kg™ [(17.25 + 0.24) g, P = 0.000 5)] 11 mg-kg™
[(16.77 £ 0.35) g, P = 0.021 2)] /M R I #4A | & % & T
DSS 41 (15.68 + 0.19) g, 7% H rhTXN (100 pg-kg™) 415
5%, 5 infliximab (10 mg-kg™) 4475 4 5 /N Bk & _E
MR A 2% 7% 5 (K 4B).

il J BN B 45 i W%, 5 DSS 4 (5.18 £0.17) cm
AH EE, rhTXN 41 7F 100 pg-kg™ [(6.60 + 0.08) cm, P <
0.000 1)] #11 mg-kg™ [(5.85 % 0.09) cm, P = 0.005 6) i
M4 A 8 e ¥ (I4C), KEth B EHK, IF H
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FrgE K RS A EARL 2O (B14D).
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BA% % B (mCherry) WL%E, FF BN B 45 1 B R A0
WAL 8E . 45 5 B or, rhTXN-mCherry 7£ 45 fi7 1 3 A5 2
(I 5A), T 7 B A AL A G B 2 B AR (B 5B). Lk
45 BLE S, rhTXN-mCherry Xt DSS /I B A5 &5 7 8 )
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Figure 4 Therapeutic effect of rhTXN on colitis in dextran sulfate sodium (DSS) mice. A: Administration protocol of rhTXN; B: Weight
changes of mice; C: Colon morphology of mice; D: Colon length of mice; E: Serial sections of colon tissues were stained with hematoxylin
and eosin (HE). n =6, x+s. "P < 0.05, “P < 0.01, ™"P < 0.001, P < 0.000 1. ns: No significance
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Figure 5 Targeting effect of rhTXN on colon of DSS mice. A: rhTXN-mCherry in living DSS mice; B: rhTXN-mCherry in colon, kidney

and spleen of DSS mice
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FIAE T« BRTT, hTXN 5 A 3595 1 45 B % 1 22 R 90 o

TR 48 i AL BUREAS, 444> UC = 0 #5745 i 4 4
e AE, 0F HOHE AR I B B O R AT T AR AL
J&i, 1€ FDR < 0.05 11 [log,(FC)| > 1 FI4& 1R, FEik th
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M ZE T 0 26 AN E R RIE A
(F16A.B). F|H STRING %4 % fl Cytoscape, # & T
— > PPI M %% . # T closeness %72, f# Fi| cytohubba
37 11 R 01 HE 4 BT 20 A7 AX A A R (] 6C), L 4 iR
R BE B T (tumor necrosis factor, TNF). [ 4H Jiil /+ % -6
(interleukin-6, 1L-6) [ 4f ifd /> % -1p (interleukin-15,
IL-15) % A & & R W B i 52 /& C (protein tyrosine
phosphatase receptor type C, PTPRC/CD45). £} i & H
1 (fibronectin 1, FN1). 43 {k %% 44 (clusters of differentia-
tion 44, CD44). [ 41l Jfd /i % -8 (interleukin-8, CXCL8/

IL-8). Toll #: 524 2 (Toll-like receptor 2, TLR2) .3 Jii 4>
J& & [ 9 (matrix metalloproteinase-9, MMP9). #4 1k
“F 2 (C-C motif chemokine 2, CCL2). 4 1k #% 86
(clusters of differentiation 86, CD86) . 4H Jf1 [f1] %% [} 7 1
1 (intercellular cell adhesion molecule-1, ICAM1). #1k,
¥ %4k 4 (C-X-C chemokine receptor 4, CXCR4). T
% -y (interferon-y, IFN-y). # 1k K ¥ 4 (C-C motif
chemokine 4, CCL4). 4 g #5 1 T bk 2 48 f AH oG 25 (1 4
(cytotoxic T lymphocyte-associated protein-4, CTLA4).
L% 16 (clusters of differentiation 16, FCGR3A/CD16).
1k $ & -L (selectin L, SELL) . %) 1k #% 40 (clusters of dif-
ferentiation 40, CD40) Al ifiL & 4H M it 5+ (vascular cell

C
Rank Name Full name Score
1 TNF Tumor necrosis factor 438.45952
2 IL-6 Interleukin-6 42929236
3 -8 Interleukin-14 417.87619
4 PTPRC Protein tyrosine phosphatase receptor type € 404.37619
] FNI Fibronectin 1 396.57619
6 CD44 Clusters of differentiation 44 386.02619
i) CXCLE Interleukin-§ 384.30052
8 TLR2 Toll-like receptor 2 383.09236
9 MMPY Matrix metalloproteinase-9 375.19286
10 cCL2 C-C motif chemokine 2 374.95119
1 CDE6 Clusters of differentiation 86 372.87619
12 ICAMI cell adhesion molecule-1 370.91786
13 CXCR4 C-X-C chemokine receptor 4 366.91786
14 IFN- Interferon-y 365.95119
15 CCL4 C-C motif chemokine 4 361.84286
16 CTLA4 Cytotoxic T lymphocyte-associated protein-4 360.45119
17 FCGR3A Clusters of differentiation 16 359.70952
18 SELL Selectin L 359.45119
19 CD40 Clusters of differentiation 40 350.23452
20 VCAMI Vascular cell adhesion molecule 1| 359.07619
E :
wilcox.tests P = 0.0012
13
2 ¢
=
g = Correlation
= L "R
4] * 0.2
5 37
= B 0.0
?‘_< B B =0.2
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Fesiond] NonIegional ok 0’0’9 C?p. OR’b 0"‘" Q(’ @Q@* @y é‘o

Figure 6 Correlation between TXN and hub gene of lesional sites in ulcerative colitis (UC). A: Volcano plots of differentially expressed

genes (DGEs) between lesional sites and non-lesional sites in the GSE107499 dataset. Red, blue, and grey dots represent upregulated,

downregulated, and unchanged genes, respectively; B: Heatmap of the top 50 DEGs from GSE107499; C: The protein protein interaction

(PPI) network of top 20 DEGs based on the closeness algorithm analysis in Cytoscape; D: Top 20 DEGs based on closeness score ranking;

E: The expression level of TXN in lesional and non-lesional sites of UC patients; F: Heat map of the correlation between TXN and hub

genes in lesional sites. Blue represents positive correlation, red represents negative correlation, and the darker the color represents the two

stronger correlation. Lesional (n = 75), non-lesional (n = 44), X + s.

“P<0.01
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adhesion molecule 1, VCAM1), Jf H # h F£ik i 5
(K 6D).

DL b PR A 7R STk P T 5 UC I R AR R T %
PIF . TNF-a.IL-6.1L-15 1L-8 25 & i 4k fr B i -
5 10 40 A R Ak 40 i BT A R R A IR 1, B 5 T
Ji 288 M8 46 SR S N7 PR R s A R R ek A, It 37 R A 1L-6 A
IL-8 L T UC B (1t h . BB 5 7 CD44.
ICAML1.VCAML & izt /i 3 24t A 1] 11 285 A 20 o 5 268 it
V) P 86 BRI 325 6 B2 20 P UH1 SR 54 R 2 5 UC 19 R
T FE, VCAM-1 5 ICAML A\ 5 1 40 i S5 45 21k 5% (1) 45
Jm™. MMP9 5 FN1 2 5 UC H i) 3 5 40 45 fis &,
FE A8 1 ) MMPO BT DUAE Sy — 25 05012 B UC 147 &
PP, CD40/CDAOL AH HAE F S 5 98 RE AH 5C 1 G g
41 ff AT A G 41 B P I S RIS AR, FEIE BE X 1BD (1)
K& CHEE 7 2 5E Fi i CDA0™ 1 CDA0OL ™4 fitd £
= E AN, 49 8 B 4 i/ 4 i 0 CD4AT T 4i i,
W G 2 T 40P 5 S 50 b 40 i = A i 6 40 i [ 7 1 ik
FEAKHH T CD40LM,

TE B4R B2 v, MO T 3E 2OE AL, 9% RE FB A7 H
TXN A E B ZEK T (K 6E). X 48 iE HA7 FE A A 1)
TXN F K] 5 7 14 HH 1) 20 /> X 21 £ D] i Spearman AH 2%
PEA T, RILTXN [R5 5 CD40 3R 1A 2L . 3%
[ A 5% (P < 0.01), 5 FNL 221k 5 9 HY 5 2% (1 1EAH
% (P <0.01) (Bl 6F).

g

TXN R 4t 8 [ 1R IE SR BUE 2 500 h ok
A TRAR, AL FE T RE B RO o XL N A 28 3R AT M
SR KR M AT R, A — SR E 4L TXN 4T
YEIT AT AT, T B0 eh XN S8 3 4001/ B AL R 7 1)
FIR A A 40 R Sk G ML B 0 B
PEC L2 U rhTXN AT A /N B A -5 4 188 FH G 1 s i
JE rhTXN 7] 7 142 26 4 B 8 7 sk 13 25 % S 10
il 45145 200, p T E 4H TXIN ZE 0% Y8 97 77 THI I 77,
[R] bt 3o 6 4 55 47 1 07 SR 13 oA VS PE R 41 TXN
FOREE, ARWFFH BN TR AR E AR
RL, 72 KA A RIS Fnatifb IR TXN. 15 T %%
e, —JTUREEE T pET R 51 E A4, SR A R ILA
REIEHIFESTXNMRIL., £ RERZJFEEFET
pCold TF % A, 12k A fir B AT 16 TF & —Fh JFAZ i A% b
Pt A AR ER (1, Ae 8 (R kBT AR IR BE B 1R 3T S,
I H T LRI HRV 3C Bk H BT P Xt T 4lifb 5 1
rhTXN B3EPERS I, R 7 e FRAE N BA i
I SR AR, SR FH IR B 20 B I T g 1

AR SCHIH 3% DSS i 5 145 i 4 /S BB 52 T

Zfi LB rhTXN B 97 200 . DSS &b %1% 5 UC e
(254, ¢ T DSS /N R 3R B H A 28 ok 450 A0 285 1 fn B
SRRV BUREIR, A IR A B i s R . 7E
/N RS B W2 I, v AR BB S 4 g 7 I AN 4
1M rhTXN 6 97 28 /)y B A B A8 4k | 45 i K B N 50 8
P K 25 i HE B 8] 7 (375 B354 T DSS 41,
H 100 pg-kgt B AT B VAR IT ZUR, 5 infliximab 76
10 mg-kg™* HIFIE T RCR A M. rhTXN 7E 1 mg-kg™ B
97 20N J2 100 pg-kg™, A A RE A& [ALA) 5 771 &2 1 R
Bty SR A R, J5 8200 4k 22 458 2% % 3 1 7 =30
o AT BGAIE rhTXN XF UC [ #E i) 14, 44k 45 45 9 6
bR 2 0 thTXN-mCherry, F| FH 36 7 A% B K, #i € T
rhTXN # ) 52 07 45 B K E B, st VR 45 1 2 R o7
FEH T —ANB I AT REHE AT .

LEIGAE T rhTXN 7 DSS /N BB AL - fl 97 R0Fn 45
Jip ¥ e 1 S, T BE AT TXN JE BRI ZE UC S Rk
KPR 550X 0 35 R F A 50 1, 7E GEO $idis e v, ik 4%
T # % % GSEL107499, i ik H 20 N AX 41 5L K, R IR
TXN 7E UC i3 RRE AL A W35, JF HLTXN 195€
A5 FNL [ ERIE 28 H A P 3 1 IE#H 5%, 5 CDA40 11
Rk B EE I AH .

IEEAL(FNL) A5 20 OB EnE
B, VG AN E UC B R 4T iE R A B3 s R IEP,
M TXN M EAEHEA TXNIPI S5 T4 S5 4E
A5 X AT RS TXN 5 ENLE ik F & IEH
K JEE . CD40 & — 5 T 240 i A1 B 41 fg Th e %
()T PTG, A2 I8 SR R IR 7 52 AR 88 ik (TNFRSF)
MR D . CDA0 3d i &5 JH [F) YR BC A& CDAOL 3 422 7= Ak
YIS 5 5 7 A 2R TR 4 A 4 -, R A SR 44
G g%, B AR KE . (F UC H CD40/CD40L R 4t
B G, CDAO (13 3k 5 97 95 175 3l j IE EEP9, 4 i 20
21 CDAOL" B AZ 41 Hf 2 25 34 Y, g b 12 20 P v 472 9%
INREM T CDA0 14 wh A 5, /1T CD40/C040L
F2 G PO BT A G 8 S N FR) JR B R TBOK B 2B T Ak
CD40/CD40L i % It — e Hifhk & e w P BIi R 4R
P T B AR R R A 92 M It /N AR ik /i 25 1 5 H g
PRI AT I AR 56 I F B0 120 (7 820,

AL RIS UC 1 — /N B4R 1iEP, CD40/CD40L
58 AL R S VIS5 . CD4A03 5 T /N B itk ER 4
Jif i P B ] A 1 = AR BN 4H CDA40L i i CD40
{10 S5 88 0 A A B 8OR  ) PY 2 Af  SE RSB, CD4o/
CDA0L [ /1N BRI B 17 v JIEL [ 52 100 5RE 5 3 1 28040 B2
PR, LN B o e 4 i AN 45 g e 41 i R, CD40 A 5
) £ 98 T AR B 2 ROS B CR T 1) fr i 480 ide i (109
i B 20 TXN 25 (1 B AR IR 1 B8 77, 183 4k +F Treg
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