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Construction of IL-6/STAT3 reporter gene system for
screening and validation of traditional Chinese medicine
monomers inhibiting IL-6/STAT3 signaling pathway

Lulu Zhang, Jingzhe Li, Yanyan Ma, Tengfei Shang, Ziyi Wang, and Changzhen Liu

Beijing Key Laboratory of Research of Chinese Medicine on Prevention and Treatment for Major Diseases, Experimental Research
Center, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract:
signaling pathway to suppress the growth and deterioration of tumors. A novel expression vector containing STAT3 enhancer

It is important to find monomers of traditional Chinese medicine that can inhibit the activation of IL-6/STAT3

sequence and NanoLuc (NLuc) reporter gene sequence was constructed by gene recombination technology, then a cell line
expressing NLuc luciferase and regulated by STAT3 was further established. The cell line was used to quantitatively detect the
regulatory effects of various traditional Chinese medicine monomers on the IL-6/STAT3 signal pathway. The effects of the
traditional Chinese medicine monomers inhibiting the IL-6/STAT3 signal pathway were verified by Western blotting
immunoassay and Real-time PCR analysis. By enzyme digestion and DNA sequencing analysis, it showed that the reporter
gene expression vector pQCXIP-STAT3-Nluc was constructed successfully. The addition of Interleukin-6 (IL-6), a stimulator
of STATS3 transcription factor, to the constructed cell line specifically enhanced the luciferase enzymatic reaction in a dose
dependent manner. These results demonstrated that the cell line expressing NLuc luciferase and regulated by STAT3 has been
constructed successfully. We used the the cell line screened out dendrobiine and tetrandrine which could significantly inhibit
IL-6/STATS3 signal pathway and down-regulated the expression of Bcl-2 and Bcl-x in a dose-dependent manner. In conclusion,
we have constructed an efficient reporter gene system to detect the transcriptional activity of STAT3, by which the Chinese
medicine monomers inhibiting IL-6/STAT3 signaling pathway were successfully screened out, which has some potential
theoretical and practical values.

Keywords: IL-6/STAT3 signaling system, NLuc luciferase, dendrobiine, tetrandrine
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FIFN NLuc #4556 K 551 A ek 2k, Ik —
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1 HHE57 %
L1 #E 5=
L1 BB, ZHHEAR K BORL

IR Z XKW Escherichia coli DH5a 1 H
RARHE dbat) ARAR; /NRRZE R
A Raw264.7 tA S0 2 RAF IR L Rz (0%
A0l GP2-293; STAT3 15 ¥ /741 el b 5t % /R 5
SRAEPIRHEA L Bel-2 51974 . Belx 514)F
5|} GADPH 51#)¥51] (% 1) miAT Y TR
(i) Bt A BRA F A o
1.1.2 {Y3%

371 BUYHMLE R 35 5246 (Thermo Fisher),
IVIS-Lumina I /v 3 #) & 1K W B & &
(PerkinElmer), B#bR{%, H4%{L, Western blotting
42U (Bio-Rad), CFX Connect %¢ % 1E it PCR
i (Bio-Rad), Allegra X15R JK-F % 1 &5 .0 Hl
(Beckman), QIAcube 4= H %R - EY (Qiagen),
ChemiDoc™ 1b2% Kk AR 248 (Bio-Rad).

L13  FERH

RELARIE N UM . T4 DNA %48 (Thermo);
14084 % -6 (IL-6) (Peprotech); Al (KFHbi,
Vincristine) . A2 (K& FEH#, Vinblastine), Bl (H
# %, Chrysin), B3 (f#l§%, Eudesmin), B4 ([
4 F % . Dichotomitin) . B5 (4 %4 1 &,
Byakangelicin). B6 (W £:H 2, Peimine), T4 (f1
f#}9%, Dendrobine). T6 (#yFjC.#k, Tetrandrine).
T7 JIZWi 2172, Dipsacoside B), T8 (FERLiT,

% 1 Real-time PCR 3|57l
Table 1 Sequences of specific primers for reverse
transcription-quantitative polymerase chain reaction

mRNA  Primer Sequences (5'-3")

mBcl-2  Forward ACTTCTCTCGTCGCTACCGTCGTG
Reverse TGTTGACGCTCTCCACACACATGAC
Forward ACCGGAGAGCGTTCAGTGATCTAAC
Reverse CTTGCAATCCGACTCACCAATACC
mp-Actin Forward TGCTGTCCCTGTATGCCTCTGG
Reverse TTCCCTCTCAGCTGTGGTGGTG

mBcl-x
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Polydatin), Y2 (#14%, Coixol). Q2 (M rf,
Solasonine) .B7 (12Z i, Resveratrol) \A09-1 (K
7%, Allicin), E1 (JL# %, Cianidanol), A9 (K
FEELZE, Luteolin), Y8 (### % , Myricetin), L1 (3
HM{Z, Nonivamide), X5 (/NEEf#, Berberine) &5
H 2 R (BUERER 2 AR RN s Bk R R
& . Trizol RNA fifi#21f] . RIPA sRACA MBI (G
BREYFE), SR (Qlagen); IR
(Sigma); oMEM #5555, A MRS (HyClone),
it 4 I W (Gibco) , BCA % 11 & ik 7 &
(Thermo), BrfgHHEEME FIGRF & (AR A ALRHE
Atm) ARRAF); RPN B W (Millipore),
STAT3 PATEREIA . P-STAT3 HTakehifk . Bel-2
g YUK Bel-x BLEBEHUA (Abcam); Hif IgG
ZHi. RIE B-Actin FLTEFEPIIA (Cell Signaling
Technology),
1.2 A&
1.2.1 R FRENHERRIE

B 1Lry STAT3 Ml T/741 (5-GTCGACAT
TTCCCGTAAATCGTCGA-3', 10 {58 %) % Pac |
Al Xho 1 W YIHH A #] pQCXIP-NF-kB-NLuc H
A FoRn U B AREAT ) NF-«xB 358 T 741, &
BCHA STAT3 254 7 A5 1 51 41 300 5 S 7 A4
pQCXIP-STAT3-Nluc (& 1), #4457 i NanoLuc
(Nluc) oI N Ji i o0 & A 3w 5 ik, a3 )
WA RE SRS . RBR TR )Y
§1, {UAE B TATA box ¥4I Y Jii ki pQCXIP-
TATA-NLuc 1 R xf BEERAAR . BT #a) o 28300 )7 2
AR A ) o

Xho 1
pQCXIP:‘I[ STAT3}:£Z[T&TXA]:[ NanoLuc ]:pQCXIP

Pac |

1 [R#I pQCXIP-STAT3-NLuc BI#E R EE
Fig. 1 Schematic representation of the construction of
pQCXIP-STAT3-NLuc plasmid.
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FOR R R 5 RE A

H DMEM+10% FBS 13583 37 'C . 5% (V/V)
CO, ¥ 3% GP2-293, F|H Lipofectamine 2000 ¥% 4t
K 7K pQCXIP-STAT3-NLuc Jiikr . % B 5 ki
pQCXIP-TATA-NLuc 5 pVSV-G J 75 {1 %% Jii fr 4t
i A\ GP2-293 4ififl. 5 h JEH5FRILE K aMEM+
10% FBS 4k2L553%, 48 h J5 &Sk Lig .
1.2.3 RHEYR

Raw264.7 #F T 6 fLARH, oMEM+10%
FBS, 37 C. 5% (VIV) CO, i 555 . K iRk
EWF 8 ng/mL REEWE (Polybrene) HHha: i
IAGHME, IF TP .00l 32 °C L 1 800xg
B0 1.5 h, 37 CH#E 5 hJ5 A BifE oMEM+
10% FBS $5 7R 3Lk 2L 55 5% .
1.2.4 208 K50 50 B 41 M R B

HEEIR Y 48 h J5, 2 pg/mL BEG R
(Puromycin) Ml A Raw264.7 At 7iGst. 4 d
Jer , BT AR -2 1 A an AL AR PR
TE IR S B AN M R A TIOR3 37, B T AR B A
Jfitkic i Raw264.7-STAT3.,
1.2.5 HEREARARBIE

Raw264.7-STAT3 Hsipediiffudi 2x10" 4~/fL
BT 96 LA, 24 h JFHIA TL-6 (R E B 0,
5. 10, 20 ng/mL), 24 h/J5, BU%FME W,
NIEYIEZE (Coelenterazine, 3 pmol/L), fif
AN ETE R USRI AOGE, SERE A 3 K,
1.2.6 M4 IL-6/STAT3 {5578 B 25 Bk i 7 1k

Raw264.7-STAT3 H 57 B4 M 270 F 96 fLAR
2x10* A /fL)o, KR EH . KELR . AmE.
MRBZ . AT R, YEE. WEHE Al
B BB . W BT . RALTE . W
B, AP, KR, ILERR. ABREZE . &
PR . BB . /NBERS A b 24 j A o) il i B R T
BRI BN, B . S AR IL-6
PHYEXTREZL, mZhEETF 37 C. 5% (V/V) CO,
Bigt. 12 h e BRI 2 s 52 5L, 4 h R

1.2.2
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WEE 3K,
1.2.7 Western blotting Z3-#7

Raw264.7 45 T4 (£ fitAK) . T6 (kB i)
LR, 16 h JFUARANN, F RIPA 4 2L I
JRBE M, M BCA M€ & il & k7 8 ok
JEM5E , I LR AE 4T Western blotting 734,
g E A 3 K.
1.2.8 Real-time PCR 417

Raw264.7 41l 5 T4 (4 ftid) . T6 (83 B k)
EE R, 16 h JFUE4nf, F Trizol $2IGAR &
PEHUR RNA, DL B-actin A&, Bel-2, Bel-x 4
K H )%, F CFX Connect %¢ 6 5E 8 PCR {X#%
WO ERVEETT Real-time PCR 7047, LK EKE
3. Hwb Knliak 1.

2 HERE5pH

2.1 pQCXIP-STAT3-NLuc k& & E 842

HE R B CMV J3 3. 4 A NF-xB 1§
i F/TATA box J¥ 51 LA K4 A Nluc %¢ 6 2 il & [H
J 9% 3005 S 5 AR pQCXIP HEA T H 20 Bl
AL Tkl pQCXIP-NFKB-Nluc, #5745 0%
B LA BT I BRI R G — Ak . R B
G FEOEZTE 7 iR ol I D= N < O £
STAT3 4k 1 ¢ dlifiad Pac 1 F1 Xho 1 KUY #;
e NF-xB 458741 o B Fa 1Y) JookE 28 AU BT 31
BEZH (B 2, STAT3 kif) HEE BifA %
WA (260 bp) FHAF, HBH W AR F IR AL L
I 454 (K 2, NF-xB jkif), Z5R LB E
ZH JF R pQCXIP-STAT3-Nluc #4 & 1)

2.2 STAT3-NLuc 2 & Fik 4 A R BYA R 360 E
PR pQCXIP-STAT3-NLuc Jiiki
pVSV-G i 8¢ 03 BRI JL GP2-293 4L, &

. 010-64807509

i 0 SR B TR Y Raw264.7-STAT3 4ijE

RIS 25 3R i B S BR ve By, N AR AR AR E Rk
STAT3-NLuc M5 5x BEAH AR . IL-6 S A STAT3-
NLuc 4fiffil & }2 NF-xB-NLuc |3 24 h 5 #47 NLuc
B s A, 2 RRE] (K 3), fE IL-6 fEHIT,

bp Marker

NF-«kB STAT3

2 pQCXIP-STAT3-NLuc EAAFHRMHWERLE
Fig. 2 Construction and identification of pQCXIP-
STAT3-NLuc recombinant plasmid.

A1 ox10%

8.0x107F ——

skksk

6.0x107F

4.0x107F * %k

Luminous value

2.0x107

0 | E—— L 1 .
Control 5 10 20
mlL-6 (ng/mL)

B 6.0x105-

4.0x10°F

2.0x106+

Luminous value

0 Gontrol — 5 10 20
mlL-6 (ng/mL)

3 STAT3-Nluc R &£ E R G402 1IE
Fig. 3 Construction verification of STAT3-Nluc reporter

gene system. (A) STAT3-Nluc reporter gene system. (B)
NF-«B-Nluc reporter gene system. ***P<0.001.
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STAT3-NLuc #iffl Fi&H AmgEE B, HAEH
S B S VR RIS 10 ng/mL A2 20 ng/mL 4H i
TGVERT IR 0 ng/mL ZH G VERY 18 F1 23 %, 22 i)
HAG 45 L (#**P<0.001). 45 2B STAT3-
NLuc FaE 4 R ER ). Mife IL-6 fEAT,
NF-kB-NLuc B JL-F-BA 284k, U6 A % 3R
B R Sk

2.3 STAT3-NLuc (S BEFER A REKNE

Raw264.7-STAT3 425 IL-6 (10 ng/mL)
TR 2 R 12 h S5, BUB IR ISR
NLuc &YGAH, R CCKS WGl 20 i i v . 4%
REH (& 4) 251850 Y8 (M) . L1 (H
). XS5 (UNEERR) . T4 (AR . T6 (Kb i) .
T7 QWi ). T8 (FEhlif). A9 (KB R)
4 8 Bl b 25 RE A X STAT3 Bt i s — &
PR MEAER, Hd L1, XS5, T4, T6. T7. T8.
A9 X} STAT3 #%&3E3EPER) N MA/EH HA B &5t
PR (*P<0.05; **P<0.01; ***P<0.001), i
A FH J5c 38 4 R A H 245 BRAA T4 (f1 I, 50 pmol/L)
K T6 (ByBiC i, 5 umol/L) X IL-6 ## STAT3
B SR IEVE R PR AR BE B 50%, TR I e s O
FIFRIEEME .

1.5

kK %%k

NLuc/OD

0.5

0.0

24 TRIZRSHIPAREKNLEHT IL-6/STAT3
188 B D 1) 4 SR B 56 iE

IL-6 LA N 2 R 5 W) T4 (f1 ki) 1 T6
kYR %) YEFH T Raw264.7 40l 16 h 5, Witk
2 it 1] FH Western blotting 5 ill STAT3 f H: T Ji# 25
1 Bel-2 & Bel-x &4 b, 255K (B 5 &
Bl 6), IL-6 Hli#nl & #E STAT3. P-STAT3,
Bel-2 J¢ Bel-x M. S5 IL-6 fl AR L,
IMAARFEHE R T4 K Te ¥nl B2 F i IL-6 %}
STAT3 ., P-STAT3. Bcl-2 & Bcl-x fys s, H
Ve SR M (*P<0.05; **P<0.01),

F Real-time PCR Kl 2 5fk{b &4 T4
CEBHIR) . T6 (BB CLAR) XF Raw264.7 4 il Bel-2
& Bel-x ] mRNA F ik AKCEH52 0 451 R (&
7), IL-6 Hill 3 n] B % 42 5 Bel-2 & Bel-x Y mRNA
FRAOF . TR -6 RS, RRIHEE R
T4 (AWK M Te (BBiCik) mmAYRE D%
FAAIR TL-6 XF Bel-2 & Bel-x ) mRNA % A 334
YERT (#**#P<0.001), H A5 — 5 ik B ARt
P B R S E KT MRS R — 3 DL g%
FULEH I ARG T4 (ARHR) . Te (kB C i) A
AN IL-6/STAT3 {5 5@ i, #Eifi N STAT3 4%
ST 4 e R 77386 AH DG L [R Bel-2 1 Bel-x ik A .

4 Raw264.7-STAT3 4HAE & 25 BB kb & ¥ T i

Fig. 4 Screening of traditional Chinese medicine monomer drugs in cell lines of Raw264.7-STAT3. *P<0.05, **P<0.01,

**EP<0.001.
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The gene expression level
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g
=

Bcl- ;

5 HHBEERLEY T4 (ARIBE) X Raw264.7 4
Z HJ Western blotting 73 7

Fig. 5 Western blotting analysis of Raw264.7 cell line
by traditional Chinese medicine monomer T4
(Dendrobine). *P<0.05, **P<0.01.

— T + + + IL-6 (10 ng/mL)
- - 02 1.0 50 T6(umolL)
P-STAT 3| — s e enmm w1 2 Da

STAT3 |we— ey e en— w36 kDa

Bcel-x — S G e | 30 kKDa
Bcel-2 —— S el ] ), KDa
42 kDa
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2.0 ==Control @=21.0 pmol/L T6

wewn ] () ng/mL [L-6 TT5.0 umol/L T6
[}
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=g :
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S 4 H % 7
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e 4 H % 2
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& HHEH | (G %
o O (B HEE | |2 Z
= & H e %
0.0LLLEd Ed e i 4l B 2 KA
" P-STAT3  STAT3 B Bel-x

6 PHBENLEY T6 (#BCH) X Raw264.7 48
i1 Z B9 Western blotting 43 1f

Fig. 6 Western blotting analysis of Raw264.7 cell line
by traditional Chinese medicine monomer T6
(Tetrandrine). *P<0.05, **P<0.01.
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——=Control &==? umol/L. T4 50 umol/L, T4
ez 1) ng/mL [L.-6 =x 10 pmol/L. T4

The gene expression level

Bcl-2 . Belx

==Control e (.2 pmol/L T6 o0 5.0 umol/LL T6

5':“2110 ng/mL IL.-6 =23 1.0 umol/L. T6

) w N
T T T

—
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The gene expression level
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ISSATASSENANENAANS SN NNAN NS SN Y
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A

(=]

Bcel-x

7 HABELEY T4 (AREE).T6 (P 28)
Raw264.7 & 1 STAT3 t85XEHE Bel-2. Belx &
X # MW #Y Real-time PCR £ R

Fig. 7 Real-time PCR results of the effects of
traditional Chinese medicine monomers T4 and T6 on the

expression of STAT3 related genes Bcl-2 and Bcl-x in
Raw264.7 cell line. ***P<0.001.

3 dt#

A B L X SE 5 % R A 4 ROk
pQCXIP-NF-kB-NLuc #it, #5311 STAT3 35
TIFHEAR A 1) NF-«B 858 7541, i ®E
WG SRR EA pQCXIP-STAT3-NLuc, 1%
RS Yo KA BT B H 0 G SRR BE IR . Raw264.7
YA, 38 L MRS R 2R 2 W I B 245 B RE R E A A
35 STAT3-NLuc Y Raw264.7- STAT3 4ifititk . F
FH STAT3 {5 5@ BE R 1L-6 XA EEAN IR A 2
REHE AR TR, 10 ng/mL JZ 20 ng/mL 2H
B TERT 1% 0 ng/mL BTG PET 18 £5F0 23 £, B
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BT HABPI MY STAT3 #5250, 27
W BA G2 X (¥%*P<0.001), 1fij IL-6 X} NF-xB
st AT W, K REH
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