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[EBY] BAAKE R Bk f B2 A ARAE ( HaCaT 4RAR) 0 NaAsO, FRBUE 445X HaCaT(T-HaCaT)
AR ITR, FE NaAsO, 53T SSP X H2ES [ IRBSER H MER AR S ES(PHGDH) | BAER 22
SESHE SRS 1(PSATL) FNEEES 22 S EATAELRS(PSPH) | RIA R XTARRILTE. TFEAEHMIRIIA, R
1 SSP R IBESTERRBURPHIER,

[777£] (1) BUF A BHREEERY T-HaCaT 48, IR0 4R 7915 XXTER(0 pmol-L™ NaAsO,) £H. T-
HaCaT(0.5 umol-L™ NaAsO,) £B. NCT503( PHGDH #lI5, 25 umol-L™) £B. NCT503( 25 umol-L™) +
T-HaCaT(0.5 umol-L™* NaAsO,) ZB, Western blotting %44 M Xt BB LA ] T-HacCaT AR RY
SSP X B8 &R H RIKKTE, ccks JEFM A KIR K30 73 5116 T % B 4B B9 3B FE R T =<,
(2) BN &E K RIFRIXT B & K HA HacaT 405, LL 0. 0.625. 1.25 # 2.5 pmol-L™" NaAsO, 2540
ffl 0. 24, 48 1 72 h, ¥ MAMARIEFEZRFN SSP XM E HRIBK T, FERLILA T HaCaT
ZRRE 25 pmol-L™ NCT503 FRAME 6 h [, A3 2.5 umol-L™ NaAsO, 4243 72 h, SEI8 D4R Xt IR
(0 umol-L™* NaAsO,)#H . Z & (2.5 umol-L™* NaAsO,) £H . 1 &b 2 28 (25 umol-L™* NCT503) .
FALIE(25 umol-L™* NCT503) +Z225( 2.5 umol-L™* NaAsO,) 4B, 152 AR AV I TR K,

(45 5] T-HaCaT 4A4BAE AR PHGDH ME B RIXKF2ERITERLAM 1.60 f5(P<0.05), HILHE
(177.51%+14.69%) MITFE=(53.85%+0.94%) i THELXTERLA [(100.00%+0.00%) « (24.30%+
2.26%)1(13 P<0.05) o NCT503 FFi/5, NCT503+T-HaCaT A 4HMI A1 TE 2R (144.97%+8.08%) 11
IF 7% #(35.80%+0.99%) 4% T-HaCaT £H 4 B f% 1 (39 P<0.05). NaAsO, 2 & 72 h [§ HaCaT
SRR A1 TE R AR S R EE RIS AN S A0( r=0.862, P < 0.05) , 5 Itt—31, B Z2FH4H HaCaT 4HHE
FR sSSP R BESHMIE HK TR BRARIAIEIN(Y P<0.05)0 2.5 pmol-L™* NaAsO, REFH
HaCaT 4081 58 K FE 4y 35 Y |8 I EE K Mm% I0(r=0.775, P<0.05) , S4HAEH PHGDH & HFRIX
KT —, NCTS03 FHlfE, Filb IR+ 5 A IS A M T REH4MIE(P<0.05),
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Expressions and roles of key enzymes in serine synthesis pathway in NaAsO,-treated HaCaT
cells LI Fengmin, HAN Jinmei, HUANG Honggian, WANG Na, ZHANG Aihua, HAN Xue (School of
Public Health/Key Laboratory of Environmental Pollution and Disease Monitoring and Control,
Guizhou Medical University, Guiyang, Guizhou 550025, China)

Abstract:

[Background] The key enzymes of serine synthesis pathway (SSP) play an important role in
tumor growth, proliferation, and invasion, but their roles in arsenic carcinogenesis are unclear.

[Objective] To observe the effects of NaAsO, treatment on the expressions of key enzymes [such
as phosphoglycerate dehydrogenase (PHGDH), phosphoserine aminotransferase 1 (PSAT1), and
phosphoserine phosphatase (PSPH)] of SSP and on the ability to proliferate and migrate in
human immortalized skin keratinocytes (HaCaT) and NaAsO,-induced malignantly transformed
HaCaT (T-HaCaT), and to explore the roles of SSP key enzymes in arsenic carcinogenesis.
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(1) The T-HaCaT cells constructed earlier by our research team were divided into a passage control (0 pmol-L™* NaAsO,) group,
aT-HaCaT (0.5 pmol-L™* NaAsO,) group, a NCT503 (PHGDH inhibitor, 25 pmol-L™") group, and a NCT503 (25 umol-L™") + T-HaCaT (0.5 pmol-L™"
NaAsO,) group. Western blotting was used to detect the protein expression levels of SSP key enzymes in the passage control group and
the T-HaCaT group. CCK8 assay and cell scratch test were used to detect the proliferation and migration rates of cells in each group
respectively. (2) Well-grown logarithmic-phase HaCaT cells were treated with 0, 0.625, 1.25, and 2.5 pmol-L™" NaAsO, for 0, 24, 48, and
72 h to detect cell proliferation rate and protein expression levels of SSP key enzymes. In the subsequent experiment, HaCaT cells were
pretreated with 25 pmol-L™ NCT503 for 6 h, and then treated with 2.5 umol-L™ NaAsO, for 72 h continuously. The experimental groups
included a control (0 pmol-L™* NaAsO,) group, an exposure (2.5 umol-L™" NaAsO,) group, a pretreatment (25 umol-L™* NCT503) group, and
a pretreatment (25 pmol-L™ NCT503) + exposure (2.5 pmol-L™" NaAsO,) group, to detect the proliferation rate of cells in each group.

The protein expression level of PHGDH in the T-HaCaT group were 1.60 times higher than that in the passage control group
(P<0.05), and its proliferation rate (177.51%+14.69%) and migration rate (53.85%+0.94%) were also higher than the passage control
group’s (100.00%+0.00% and 24.30%+2.26%) (both Ps<0.05), respectively. After the NCT503 intervention, the proliferation rate
(144.97%18.08%) and migration rate (35.80%+0.99%) of cells in the NCT503 + T-HaCaT group were lower than those in the T-HaCaT
group (both P<0.05). The proliferation rate of HaCaT cells after NaAsO, exposure for 72 h increased with the increase of exposure
concentration (r=0.862, P<0.05), and consistently, the protein levels of SSP key enzymes in HaCaT cells in each exposure group were
higher than those in the control group (all P< 0.05). The proliferation rate of HaCaT cells treated with 2.5 pmol-L™* NaAsO, increased with
the extension of exposure time (r=0.775, P<0.05), which was consistent with the changes of PHGDH levels in cells. After the NCT503
intervention, the proliferation rate of the pretreatment + exposure group was significantly lower than that of the exposure group
(P<0.05).

The key enzymes of SSP may play an important role in the proliferation of T-HaCaT cells induced by NaAsO,.

phosphoglycerate dehydrogenase; phosphoserine aminotransferase; phosphoserine phosphatase; sodium arsenite; HaCaT;
NaAsO,-induced malignantly transformed HaCaT
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B9 HaCaT PR A B R F IS ARG EE
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FEIRF: TEREZEA( NaAsO,, EE Sigma) « RPMI-
1640 IZFE. B4 ME(EE Gibco) , CCK-8 AL
FHEHNIAFIZ(BZS Dojindo) , BCA ZEHEEIRFE
(FEEBZXEMHRARRAT), RN B-actine PHGDH.
PSAT1 #] PSPH 711K (3£ [E Proteintech) , PHGDH 31 %
71 NCT503( ZE[E MCE) o

FENE: BEIESFEAMNERREUIRE
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T-HaCaT AHRE R AR HAMEE, ¥ N BE X
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(0 pmol-L™* NaAsO,) £H. T-HaCaT(0.5 umol-L™ NaAsO,)
£H. NCT503( PHGDH D#HI57™, 25 umol-L™) £H. NCT503
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1EFF 0L 24, 4870 72 he [EEEFFISE 0 {F A NCT503
(25 pmol- L) TR IBARE 6 h /5, A& 2.5 pmol-L™
NaAsO, BY RPMI-1640 5o & 1S R BN LRIEFE 72 h, 240
DA RITER(0 pmol-L™! NaAsO,) 2H. ZE(2.5 pmol-L™
NaAsO,) ZH. F4bI2 (25 pmol-L™* NCT503) £H . Tl 4b I8
(25 pmol-L™ NCT503) +5235(2.5 umol-L™ NaAsO,) £H,
1.3 CCK-8 &I MZHARIEE
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FLIR, 7E 5%(1AFA9 %K) co,. 37 °C ARIE SR IEST,
FHRNLEE S, R4 T FARIRE NaAsO, & F[E
B 1E], 345 F NCT503 A0 IR, M FI0 1.2 AREIE T M
F, % 3 N ETH. 2SR TERGEEIL IR
FEEIEFR 100 uL 5, BEFAON 10 uL CCK-8 AWK, 7F
ARSI E 2 ho EEARIALN 450 nm ZbAY
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( Dsti—Desg) 1x100%o
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1.5 Western blotting MEZ R RIA
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AR 60 min, 5%( TIE 70 %E0) AHAsi#E ] 2 h, A B-actin
#1£(1:8000) . PHGDH #1{&(1:2000). PSPH #{&(1:
1000). PSAT1 #11A&(1:2000)7F 4 °C B I ®E, LU
FHERMA(1:10000) FEBES 1 h, TERERBEGRSA
FRE R, LA Image J 1.52a BRH #1717 PHGDH. PSAT1
0 PSPH EBKE 2o
1.6 FHitFEDH
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Figure 1 Protein expression levels of SSP key enzymes in
T-HaCaT cells

2.2 NCT503 FFIxT T-HaCaT AREIEFEFTIZEE Y
=1

T-HaCaT 4A4BREAVIEIESR(177.51%+14.69%) « iT1%
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Figure 2 Effects of NCT503 intervention on the migration and
proliferation of T-HaCaT cells
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[A] 200
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*: S3FHRLA(0 umol-L ™) EBER, P < 0.05,
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Figure 3 Effects of different-concentration NaAsO, treatments
on HaCaT cell proliferation (A) and protein expression levels of
key enzymes in SSP (B)
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Figure 4 Effects of 2.5 pmol-L™ NaAsO, treatment on HaCaT cell proli-
feration (A) and protein expression levels of key enzymes in SSP (B)
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Figure 5 Effect of NCT503 intervention on proliferation of HaCaT
cells exposed to NaAsO,
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1 MmP-o Y RIX, INHI AR I TE . TR MBS &8
5399, Jing EMIPR & I BLBR PHGDH B LUEE IE TS Bel-
2 F caspase-3 'S 0 AR f22 20 A 3 A 38 52 )M £H 8K
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RS T A2, LUREA ssp IR B0 BYER.

LR, B RO H T, AR ER
BEANBTEIENFENEEFERLE, MESH4A0E
WEMENRE D, NTEHMEBLYE, XHRRE
SRBCEM RO ARER TR RZ RS
HaCaT 4HRBXIZR 5| sSSP X EEEM Tk, X—ZER AR
FRE—FHRBBEIEPHNRSEEREZARIRME
T BB,

SEH

[ 1 11ARC Working Group on the Evaluation of Carcinogenic Risks to Humans.

Arsenic, metals, fibres, and dusts[J]. IARC Monogr Eval Carcinog Risks
Hum, 2012, 100: 11-465.

[ 2 1 BUSTAFFA E, STOCCORO A, BIANCHI F, et al. Genotoxic and epigenetic
mechanisms in arsenic carcinogenicity[J]. Arch Toxicol, 2014, 88(5):
1043-1067.

[31SHI H, SHI X, LIU KJ. Oxidative mechanism of arsenic toxicity and
carcinogenesis [J]. Mol Cell Biochem, 2004, 255(1/2) : 67-78.

[ 41 RUAN Y, FANG X, GUO T, et al. Metabolic reprogramming in the arsenic
carcinogenesis [J]. Ecotoxicol Environ Saf, 2022, 229: 113098.

[5sTAMELIO I, CUTRUZZOLA F, ANTONOV A, et al. Serine and glycine
metabolism in cancer [J]. Trends Biochem Sci, 2014, 39(4) : 191-198.

[ 611 CS, LOCH-CARUSO R. Sodium arsenite inhibits migration of extravillous
trophoblast cells in vitro [J]. Reprod Toxicol, 2007, 24(3/4) : 296-302.
[71MAL, LI J, ZHAN Z, et al. Specific histone modification responds to arsenic-
induced oxidative stress[J]. Toxicol Appl Pharmacol, 2016, 302: 52-61.

[ 8 1 ROHDE JM, BRIMACOMBE KR, LIU L, et al. Discovery and optimization of
piperazine-1-thiourea-based human phosphoglycerate dehydrogenase
inhibitors[J]. Bioorg Med Chem, 2018, 26(8): 1727-1739.

[91ZHAO X, FU J, HU B, et al. Serine metabolism regulates YAP activity
through USP7 in colon cancer [J]. Front Cell Dev Biol, 2021, 9: 639111.
[10] MATTAINI K R, SULLIVAN MR, LAU AN, et al. Increased PHGDH expression
promotes aberrant melanin accumulationp [J]. BMC Cancer, 2019, 19(1):

723.

[11] SAMANTA D, PARK Y, ANDRABI SA, et al. PHGDH expression is required
for mitochondrial redox homeostasis, breast cancer stem cell maintenance,
and lung metastasis[J]. Cancer Res, 2016, 76(15) : 4430-4442.

[12] ZHANG B, ZHENG A, HYDBRING P, et al. PHGDH defines a metabolic
subtype in lung adenocarcinomas with poor prognosis[J]. Cell Rep, 2017,
19(11): 2289-2303.

[13] REINA-CAMPOS M, LINARES J F, DURAN A, et al. Increased serine and one-
carbon pathway metabolism by PKCA/u deficiency promotes neuroen-
docrine prostate cancer[J]. Cancer Cell, 2019, 35(3) : 385-400.e9.

[14] SONG Z, FENG C, LU Y, et al. PHGDH is an independent prognosis marker
and contributes cell proliferation, migration and invasion in human
pancreatic cancer[J]. Gene, 2018, 642: 43-50.

[15]JING Z, HENG W, XIA L, et al. Downregulation of phosphoglycerate
dehydrogenase inhibits proliferation and enhances cisplatin sensitivity in
cervical adenocarcinoma cells by regulating Bcl-2 and caspase-3[J].
Cancer Biol Ther, 2015, 16(4) : 541-548.

[16] POSSEMATO R, MARKS KM, SHAUL Y D, et al. Functional genomics reveal
that the serine synthesis pathway is essential in breast cancer[J]. Nature,
2011, 476(7360) : 346-350.

[17]VIE N, COPOIS V, BASCOUL-MOLLEVI C, et al. Overexpression of phos-
phoserine aminotransferase PSAT1 stimulates cell growth and increases
chemoresistance of colon cancer cells [J]. Mol Cancer, 2008, 7: 14.

[18]LIU B, JIA Y, CAO Y, et al. Overexpression of phosphoserine
aminotransferase 1 (PSAT1) predicts poor prognosis and associates with
tumor progression in human esophageal squamous cell carcinoma[J]. Cell
Physiol Biochem, 2016, 39(1) : 395-406.

[19]SUN L, SONG L, WAN Q, et al. cMyc-mediated activation of serine
biosynthesis pathway is critical for cancer progression under nutrient
deprivation conditions[J]. Cell Res, 2015, 25(4) : 429-444.

[20] SATO K, MASUDA T, HU Q, et al. Phosphoserine phosphatase is a novel
prognostic biomarker on chromosome 7in colorectal cancer[J].
Anticancer Res, 2017, 37(5) : 2365-2371.

[21] LOCASALE JW, GRASSIAN AR, MELMAN T, et al. Phosphoglycerate
dehydrogenase diverts glycolytic flux and contributes to oncogenesis[J].

Nat Genet, 2011, 43(9) : 869-874.
(E il . TR, RERE: IFR, JTR)

wWww.jeom.org


https://doi.org/10.1007/s00204-014-1233-7
https://doi.org/10.1023/B:MCBI.0000007262.26044.e8
https://doi.org/10.1016/j.ecoenv.2021.113098
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.taap.2016.03.015
https://doi.org/10.1016/j.bmc.2018.02.016
https://doi.org/10.3389/fcell.2021.639111
https://doi.org/10.1186/s12885-019-5933-5
https://doi.org/10.1158/0008-5472.CAN-16-0530
https://doi.org/10.1016/j.celrep.2017.05.067
https://doi.org/10.1016/j.ccell.2019.01.018
https://doi.org/10.1016/j.gene.2017.11.014
https://doi.org/10.1080/15384047.2015.1017690
https://doi.org/10.1038/nature10350
https://doi.org/10.1186/1476-4598-7-14
https://doi.org/10.1159/000445633
https://doi.org/10.1159/000445633
https://doi.org/10.1038/cr.2015.33
https://doi.org/10.21873/anticanres.11574
https://doi.org/10.1038/ng.890
https://doi.org/10.1007/s00204-014-1233-7
https://doi.org/10.1023/B:MCBI.0000007262.26044.e8
https://doi.org/10.1016/j.ecoenv.2021.113098
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.taap.2016.03.015
https://doi.org/10.1016/j.bmc.2018.02.016
https://doi.org/10.3389/fcell.2021.639111
https://doi.org/10.1186/s12885-019-5933-5
https://doi.org/10.1158/0008-5472.CAN-16-0530
https://doi.org/10.1016/j.celrep.2017.05.067
https://doi.org/10.1016/j.ccell.2019.01.018
https://doi.org/10.1016/j.gene.2017.11.014
https://doi.org/10.1080/15384047.2015.1017690
https://doi.org/10.1038/nature10350
https://doi.org/10.1186/1476-4598-7-14
https://doi.org/10.1159/000445633
https://doi.org/10.1159/000445633
https://doi.org/10.1038/cr.2015.33
https://doi.org/10.21873/anticanres.11574
https://doi.org/10.1038/ng.890
https://doi.org/10.1007/s00204-014-1233-7
https://doi.org/10.1023/B:MCBI.0000007262.26044.e8
https://doi.org/10.1016/j.ecoenv.2021.113098
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.taap.2016.03.015
https://doi.org/10.1016/j.bmc.2018.02.016
https://doi.org/10.3389/fcell.2021.639111
https://doi.org/10.1186/s12885-019-5933-5
https://doi.org/10.1158/0008-5472.CAN-16-0530
https://doi.org/10.1016/j.celrep.2017.05.067
https://doi.org/10.1016/j.ccell.2019.01.018
https://doi.org/10.1016/j.gene.2017.11.014
https://doi.org/10.1080/15384047.2015.1017690
https://doi.org/10.1038/nature10350
https://doi.org/10.1186/1476-4598-7-14
https://doi.org/10.1159/000445633
https://doi.org/10.1159/000445633
https://doi.org/10.1038/cr.2015.33
https://doi.org/10.21873/anticanres.11574
https://doi.org/10.1038/ng.890
https://doi.org/10.1007/s00204-014-1233-7
https://doi.org/10.1023/B:MCBI.0000007262.26044.e8
https://doi.org/10.1016/j.ecoenv.2021.113098
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.taap.2016.03.015
https://doi.org/10.1016/j.bmc.2018.02.016
https://doi.org/10.3389/fcell.2021.639111
https://doi.org/10.1186/s12885-019-5933-5
https://doi.org/10.1158/0008-5472.CAN-16-0530
https://doi.org/10.1016/j.celrep.2017.05.067
https://doi.org/10.1016/j.ccell.2019.01.018
https://doi.org/10.1016/j.gene.2017.11.014
https://doi.org/10.1080/15384047.2015.1017690
https://doi.org/10.1038/nature10350
https://doi.org/10.1186/1476-4598-7-14
https://doi.org/10.1159/000445633
https://doi.org/10.1159/000445633
https://doi.org/10.1038/cr.2015.33
https://doi.org/10.21873/anticanres.11574
https://doi.org/10.1038/ng.890
www.jeom.org

	1 材料与方法
	1.1 主要试剂与仪器
	1.2 细胞培养及染毒
	1.3 CCK-8法检测细胞增殖
	1.4 细胞划痕试验测定细胞迁移愈合能力
	1.5 Western blotting测定蛋白表达
	1.6 统计学分析

	2 结果
	2.1 T-HaCaT细胞中SSP关键酶蛋白表达
	2.2 NCT503干预对T-HaCaT细胞增殖和迁移能力的影响
	2.3 NaAsO2染毒对HaCaT细胞增殖和SSP关键酶蛋白表达水平的影响
	2.4 NCT503干预对NaAsO2处理HaCaT细胞增殖的影响

	3 讨论

