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ABSTRACT

Acyl-CoA synthetase 4(ACSL4) is an arachidonate-preferring enzyme abundant in steroidogenic tissues and postu-
lated to modulate eicosanoid production. The human and mouse ACSL4 gene are mapped on chromosome X. The
female mice heterozygous for ACSL4 deficiency became pregnant less frequently and produced small litters, with 40%
of embryos surviving gestation. In this study, we examined the regulation of AC$4 by estradiol-17 3 and progesterone
(P4) in the human endometrial cancer cell line HTB-1B. ACSL4 mRNA was increased in a dose-dependent manner.
Also, expression of ACSL4 gene was up-regulated in a time-dependent manner in HTB-1B cells. However, combined
treatment with progesterone and estradiol-17 3 modestly decreased the levels of ACSAL mRNA as compared with the
estradiol-178 and progesterone respectively. Overall, these results suggest that the ACSL4 gene is regulated by

progesterone and estradiol-17 3 in the HTB-1B cells.
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t}, Control PCRE A B-actin £°0]3 sense (CACC-
ACACCTTCTACAATGA)®}  antisense(CATGATCTGGG-
TCATCTTCT) primers o|-838}e] AAJ3}Th
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Real-time PCR+> total RNA, Superscript II RNaseH-
reverse transcriptase(Invitrogen, USA)®} random primer
Z 0|83} first strand cDNAS 45 & AASHI L
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Fig. 1. Expression of ACSL4 mRNA in the human endometrial
cancer cell line HTB-1B treated with various amounts of pro-
gesterone (A) and estradiol-173 (B).

SHA 2k 0N iRy of gujle] wE E7E 1
St ZL2v 24X 7HRE 724)2F Alelols ACSL4S) W
o] thar Aot xTETlE =2 AgS el
ATE 3 12417 B2t progesterone A #o] oJated
A3 ACSL4 HEe] dsls Jehgly] Wi o, 4, 8,
2A1ZE Atele] WS AESQTh 2 Ay}, OAJ7HLE
ARAR e 2712 Bgom, 12X 7k M} =o
HHE JERUTKFig. 2B). 39, estradiol-173 10° M
& HEC-1B A|X o] Az2|ste] A7 ACSI49] #HeS 7
Eg A3}, ACSL49] 188 48X 74| A WA Q) wka o)
F7He el on, 2R g hAaEls AEe
el i ThFig. 20).

oot
i)

ProgesteroneZ}t Estradiol-1782 & X2[0f M2 ACSL4
REAS &E £F

Progesterone® estradiol-17 3 2] ©|5 gl w2 AC-

z
-
z

S

w
(%

Relative
mRNA Expression
- N
Relative
mMRNAExpression
N

-

=1
<

0 12 24 48 72 (hp 0 4 8 12 (g

2]
N

Relative
mRNAEXpression
-

=1

0 12 24 48 72 (hn

Fig. 2. Time-dependent changes in ACSL4 gene expression in-
duced by progesterone (A, B) and estradiol-173 (B) in the HTB-
1B cell line. HTB-1B cells were cultured in the presence of 10° M
progesterone and estradiol-173, and harvested at various indi-
cated time points.
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Fig. 3. Regulation of ACSL4 gene expression by the combined
with progesterone and estradiol-17(3 in the HTB-1B cell line. HTB-
1B cells were cultured in the presence of 10° M progesterone (P4)
and estradiol-17 (E2) during 24 hours. Also, HTB-1B cells were
cultured in the presence of 10° M progesterone during the 12
hours and changed the media containing estradiol-17 3 and har-
vested the cell after 12 hours (P4+E2).
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R AIEAL T ohESE Al HESof o] 8F = Flog B
3531 9l thBonvebtre, 1992; Abrahamsohn™ Zorn, 1993;
Bonventre®} Koroshetz, 1993). &3] COX2¢] wd& 2
ol Fagh A4S dhe AoR dEA lon, o] 44
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3 JtHGolej &, 2011). F3 Sobrino A 5(2009)% At
o U AN ZoA estradiolo] 23l o] FrHE F
AzE 2ARE A3, COX1 fAAFe] 2Elo] estradiolol
gl FE= AL ¥ausigith

Progesterone?} estradiol-17 3ol 2]3+ ACSL4 -4 #}2]
1 Zdd disids R npt glow, ot olely)
TARO 2 RE R AEEES A=Y B9dh= COX
727} progesterone®} estradiol-17 3l 2}&te] @ o]
A Y-S Husta S ol Jgla B A
| A& progesterone®} estradiol-17 3 7} ACSLA A =}<]
BHL SRR olE TEES 12X Yo A
S v ACSIA FAALe] 2SS Ty Ze
TTOE ZOEUT oH3 A= JA A Fo 7
Aol A F-H]3H= progesterone™} estradiol-17 B 7} AFg-9l]
AT ACSI4A F7Ae] 2Ee 24l olg}y|EAle R
2E AAHE 3o T AEEEY s 2d3)
Ao F2% 4 o). 1 o]y 7)FE HS 33
atA &t7] st ACSL4 F3AHS] promoter G Hell
& AAgE A9} progesterone?} estradiol-17 ol £]3}
o fFr¥e HARIAIY] A7 £ 5ol i3k At R
g xjojof & Roz AztE],

=]
AEE

e

1. Abrahamsohn PA, Zorn TMT (1993): Implantation
and decidualization in rodents. J Exp Zool 266:
603-628.

2. Bonventre JV (1992): Phospholipase A2 and signal
transduction. ] Am Soc Nephrol 3:128-150.

3. Bonventre JV, Koroshetz WJ (1993): Phospholipase
A2 (PLA2) activity in gerbil brain: characterization
of cytosolic and membrane-associated forms and eff-
ects of ischemia and reperfusion on enzymatic
activity. ] Lipid Mediat 6:457-471.

4. Cho YY, Kang MJ, Ogawa S, Yamashita Y, Fujino
T, Yamamoto TT (2000): Regulation by adrenocor-
ticotropic hormone and arachidonate of the expre-
ssion of acyl-CoA synthetase 4, an arachidonate-
preferring enzyme expressed in steroidogenic ti-

10.

11.

12.

13.

14.

15.

16.

o

ssues. Biochem Biophys Res Commun 274(3):741-
745.

. Cho YY, Kang MJ, Sone H, Suzuki T, Abe M, Iga-

rashi M, Tokunaga T, Ogawa S, Takei YA, Mi-
yazawa T, Sasano H, Fujino T, and Yamamoto TT
(2001): Abnormal uterus with polycysts, accumu-
lation of uterine prostaglandins, and reduced ferti-
lity in mice heterozygous for acyl-CoA synthetase 4
deficiency. Biochem Biophys Res Commun 284:993-
997.

. Coleman RA, Lewin TM, Van Horn CG, Gonza-

lez-Baré6 MR (2002): Do long-chain acyl-CoA syn-
thetases regulate fatty acid entry into synthetic
versus degradative pathways? ] Nutr 132(8):2123-
2126.

. Fyjino T, Yamamoto T (1992) Cloning and func-

tional expression of a novel long-chain acyl-CoA
synthetase expressed in brain. ] Biochem 111:197-
203.

. Fujino T, Kang M, Suzuki H, lijima H, Yamamoto

T (1996): Molecular characterization and expression
of rat acyl-CoA synthetase 3. ] Biol Chem 271,
16748-16752.

. Golej DL, Askari B, Kramer F, Barnhart S, Vive-

kanandan-Giri A, Pennathur S, Bornfeldt KE (2011):
Long-chain acyl-CoA synthetase 4 modulates pro-
staglandin E; release from human arterial smooth
muscle cells. J Lipid Res 52(4):782-793.
Huet-Hudson YM, Andrews GK, Dey SK (1989):
Cell type-specific localization of c-myc protein in
the mouse uterus: modulation by steroid hormones
and analysis of the periimplantation period. Endo-
crinology 125(3):1683-1690.

Kang MjJ, Fujino T, Sasano H, Minekura H, Yabuki
N, Nagura H, lijima H, Ymamoto T (1997): A novel
arachidonate-preferring acyl-CoA synthetase is pre-
sent in steroidogenic cells of the rat adrenal, ovary,
and testis. Proc Natl Acad Sc USA 94:2880-2884.
Lin L-L, Lin AY, Knopf JL (1992): Cytosolic phos-
pholipase A2 is coupled to hormonally regulated
release of arachidonic acid. Proc Natl Acad Sci USA
89:6147-6151.

Lin LL, Wartmann M, Lin AY, Knopf JL, Seth A,
Davis R] (1993): cPLA2 is phosphorylated and
activated by MAP kinase. Cell 72(2):269-278.
Martin L, Finn CA, Trinder G (1973): Hypertrophy
and hyperplasia in the mouse uterus after oes-
trogen treatment: an autoradiographic study. | En-
docrinol. 56(1):133-144.

Majerus PW, Prescott SM, Hofmann SL, Neufeld EJ,
Wilson DB (1983): Uptake and release of arachido-
nate by platelets. Adv Prostaglandin Thromboxane
Leukot Res 11:45-52.

Munir I, Fukunaga K, Kanasaki H, Miyazaki K,
Ohba T, Okamura H, Miyamoto E (2000): Expre-
ssion of cyclooxygenase 2 by prostaglandin E(2) in



17.

18.

Regulation of ACSL4 by Progesterone and Estradiol-173

human endometrial adenocarcinoma cell line HEC-
1B. Biol Reprod 63(3):933-941.

Otikawa E, lijima H, Suzuki T, Sasano H, Sato H,
Kamataki A, Nagura H, Kang M]J, Fujino T, Suzuki
H, Yamamoto TT (1998): A novel acyl-CoA syn-
thetase, ACS5, expressed in intestinal epithelial cells
and proliferating preadipocytes. ] Biochem 124(3):
679-685.

Singh M, Chaudhry P, Asselin E (2011): Bridging
endometrial receptivity and implantation: network
of hormones, cytokines, and growth factors. J En-

19.

20.

docrinol. 210(1):5-14.
Sobrino A, Mata M, Laguna-Fernandez A, Novella
S, Oviedo PJ, Garcia-Pérez MA, Tarin JJ, Cano A,
Hermenegildo C (2009): Estradiol stimulates vasodi-
latory and metabolic pathways in cultured human
endothelial cells. PLoS One. 4(12).e8242.
Suzki H, Kawarabayasi Y, Kondo J, Abe T, Ni-
shiKawa K, Kimura S, Hashimoto T, Yamamoto T
(1990). Structure and regulation of rat long-chain
acyl-CoA synthetase. J Biol Chem 265:8681-8685.
(AL 2011. 8. 26 / AHEUAL: 2011, 9. 2)



