Molecular mechanisms of human CYP1B1 gene
regulation
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Human CYP1B1 is one of the members of the cytochrome P450 isoforms, and plays a
role in the metabolic activatibn of chemi;:ally diverse ptocarcinogens and hydroxylation of
17B-estradiol (E2). In this study, the mechanisms reguléiting the human C YPIBI gene were
investigated. First, it was found that the mutual interaction of two XREs (;853 and -834) to
which AhR/ARNT heterodimer binds is important for ttanscriptional regulation, and that the
Sp1 binding to the Sp1-like motif (-824) enhances both the constitutive and inducible
transcriptional activities of the human CYPIBI gene. Sécond, it was demonstrated that the
human CYPI1B1 is induced by E2 via the binding of esttogen receptor to the CYPIBI
promoter region (—63 to —49). Third, the involvement of SF-1, CREB, and PKA in the
transcription of human CYPIBI gene was demonstrated: Forth, it was clarified that the human
CYPI1BI1 is posttranscriptionally regulated by microRNA, miR-27b, at the 3’-untranslated
region (+4358 to +4381). The unusual expression of CYP1B1 might affect the development
of cancer as well as estrogen homeostasis and/or estrogen-dependent cancers. Thus, the
findings in this thesis are useful to consider the clinical significance of CYP1B1 for the

tumorigenesis, estrogen homeostasis, and potential target of anticancer drugs.
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Human CYP1BI is one of the members of the cytoehrome P450 isoforms. It plays a role
in the metaBolic activation of chemically diverse procar€inogens including polycyclic
aromatic hydrocarbons (PAHs), and catalyzes the hydroxylation of 17B-estradiol (E2).
CYP1B1 is mainly expressed in extrahepatic tissues, such as ovary, uterus, breast, testis,
prostate, and adrenal gland. The expression level is high in tumor tissues. The unusual
expression of CYP1B1 might affect the development of éancer as well as estrogen
homeostasis and/or estrogen-dependent cancers. Therefote, it is important to clarify the
mechanisms of CYP1B1 regulation. The purpose of this thesis is to investigate the

mechanisms regulating the human CYPIBI gene.

1. Mutual Role of AhR/ARNT and Sp1 on Constitutive- and TCDD-inducible
Expression of CYP1B1

CYPIBI is induced by PAHs as well as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). It
is well-known that the induction of drug metabolizing etizymes by TCDD is mediated by aryl
hydrocarbon receptor (AhR)/AhR nuclear lranslocator (ARNT) heterodimer interacted with
xenobiotic responsive element (XRE). There are eight XRE core sequences on the 5’-flanking
region of the human CYPf BI gene up to —2299 bp. However, the binding of the AhR/ARNT
to the XREs in the human CYP/BI gene has never beeti directly proven. In order to identify
the cis-element(s) involved in the constitutive and TCDD-inducible transcription of CYPIBI,
luciferase reporter plasmids containing a series of deletions of the XRE core sequence in the
5°-flanking region of the human CYPIBI gene were cotistructed. Luciferase reporter assays
showed the potential enhancer elements for TCDD-indtiction were located from —1022 to
—852 of human CYPIB] gene in human hepatoblastoma HepG2 cells. Gel shift analyses
revealed the binding of the AhR/ARNT heterodimer to XRE2 at ~834 and XRE3 at —853. In
addition, the binding of a‘nuclea,r transcripﬁonal factor; Sp1, near XRE2 and XRE3 was
observed. It was found that mutual interaction of XREZ 4nd XRE3 is important for
transcriptional regulation, and that the Sp1 binding to the Sp1-like motif (-824) enhances both
the constitutive and inducible transcriptional activities of the human CYPIBI gene".

2. Induction of CYP1B1 by Estradiol via Estrogen Réceptor
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CYPIBI is a key enzyme in the metabolism of E2: The high expression level 6f
CYP1BI in estrogen-related tissues suggests that CYP1B1 is important in the localized
metabolic control of estrogen homeostasis. Many CYP ghzymes are likely to be induced by
the substrates themselves. In addition, cdmputer-assiste’d homology search identified a
potential estrogen receptor (ER)-binding site on the CYPIBI promoter. These backgrounds
prompted Ihe to investigate whether the human CYPIB/ gene isa target of E2. Real-time
RT-PCR analysis revealed that E2 treatment induced CYP1B1 mRNA expression in
ER-positive MCF-7 cells. Luciferase reporter assays usitig MCE-7 cells showed a significant
transactivation by E2 with a reporter plasmid containing a region from -152 to +25 of the
human CYPIBI gene. Specific binding of ERa to the piitative estrogen responsive element
(ERE), which is between -63 and -49 in the CYPIBI promoter region, was demonstrated by
chromatin immunoprecipitation assays and gel shift anélyses. With reporter plasmids
containing the wild or mutated putative ERE on the CYP1B1 gene and the wild or mutated
ERa expression vectors, luciferase assays using the huiiian endometrial adenocarcinoma
Ishikawa cells demonstrated that the putative ERE and ERa are essential for the
transactivation by E2. Since endometrial ti'ssue is highly regulated by estrogens, the
expression pattern of CYP1B1 protein in human endomigtrial specimens was examined by
immunohistochemistry. The staining of CYP1B1 was stronger in glandular epithelial cells
during a proliferative phase than those during a secretofy phase, consistent W@th the pattern of
estrogen secretion. These findings clearly indicated that the human CYPIBI1 is regulated By
estrogen via ERo”. Since 4-hydroxylestradiol produced by CYP1B1 is estrogenically inactive
but toxicologically active, the estrogen-regulated CYP1B1 expression indicates a clinical
significance for the homeostasis of estrogens as well as estrogen-dependent carcinogenesis.

3. Involvement of Steroidogenic Factor-1 and Proteiii Kinase A in CYP1B1 Regulation

CYPIBI is expressed in steroid-related tissues incliding ovary, testis, and adrenal gland.
In these tissues, the steroidogenic CYPs such as CYP19 and CYP17 are generally expressed,
which are known to be transcriptionally regulated by stéroidogenic factor-1 (SF-1) and cAMP
response element (CRE) binding protein (CREB). In addition, the transcriptional regulation of

rat CYPIBI gene has been reported to be regulated by 8F-1 and CREB. In this study, the
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possibility that the human CYP1B1 gene might be reguldted by SF-1 and CREB was
examined. Gel shift analyses revealed that in vitro transiated SF-1 can bind to the putative
SF-1 binding sites, SF-1a (at -1722) and SF-1b (at -2474‘), on the hurﬁan CYPIBI gene. In
vitro translated CREB barely bound to the putative SF-1 binding sites. In order to investigate
the involvement of SF-1 in the transcriptional regulatioti; luciferase reporter assays were
performed with various reporter plasmids containing the 5’-flanking region of CYPIBI gene
in human ovarian granulose-like tumor KGN cells. A reporter plasmid pGL3 (-2623/+25)
containing the SF-1a and SF-1b elements was transactivited by the concomitant
co-expression of SF-1 and protein kinase A (PKA). Althibugh the transcriptional activity was
induced by PKA alone, it was not affected by the co-expression of SF-1. The mutation in the
SF-1a and SF-1b elements did not affect the luciferase dctivity. Thus, the binding of SF-1 to
the putative SF-1 binding sites of the human CYPIBI gehe might not be essential for the
transcriptional regulation. Interestingly, deletion analyses revealed that the PKA-dependent
transactivation occurred in the region -910 to -732 in the 5'-flanking region, which includes
XRE2 and XRE3. Mutations in fwo functional XREs located at -853 and -834 abolished the
PKA-dependent transactivation. These results indicate that the PKA signaling pathway would
be involved in the XRE-mediated transactivation of the tuman CYPIBI gene®.
4. Posttranscriptional Regulation of CYP1B1 by MitfoRNA

MicroRNAs (miRNAs) are widespread small hon—ébding RNAs and regulate the gene
expressions, resulting in the alterations of various biological functions and development of
cancers. MiRNAs incorporated into the RNA-induced 's'ﬂencing complex (RISC) recognize
the 3°-UTR of the target mRNA and cause the translatiotial repression or mRNA cleavage.
Recently, a number of studies have reported that the exﬁfession‘prdﬁles of miRNAs were
associated with various human tumors development. Oii the other hand, the causal factor for
the higher expression of CYP1B1 protein in tumor thar ih normal tissues has been uncleared.
In contrast to the protein levels, no apparent difference it CYP1B1 mRNA level was
observed between the tumor and normal tissues. Interestingly, a near-perfect matching
sequence with microRNA-27b (miR-27b) was identified in the 3’-untranslatéd region of

human CYP1B1. These evidences made me envisage the possibility that the human CYP1B1
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might be regulated by miRNA. In this study, it was investigated whether miRNA might be
involved in the regulation of human CYP1B1 or not. RNase protection assays indicated
miR-27b was expressed in MCF-7 cells, but not in humién 'f—cell leukemia Jurkat cells.
Luciferase assays revealed that the reporter activity was decreased with the miR-27b
recognition element in human CYP1B1 (1BIMRE27b} {+4358 to +4381) in MCF-7 cells, but
not in Jurkat cells. The exogenously expressed miR-27b in Jurkat cells could decrease the
luciferase activity of reporter plasmid containing 1B1IMRE27b. In MCF-7 cells, antisense
oligoribonucleotide (AsO) for miR-27b recovered the liiciferase activity of reporter plasmid
containing the 1BIMRE27b. Furthermore, the AsO could increase the protein level and
enzymatic activity of CYP1B1 in MCF-7 cells. These results suggested that the human
CYP1B1 would be regulated by miR-27b through the 1B1IMRE27b. The expression level of
miR-27b is conceivably decreased in tumor tissues like other reported miRNA. Thus, the
posttranscriptional regulation by the miR-27b might be tne of causes of the high expression
of CYP1B1 protein in tumor tissues. This is a first study to demonstrate that miRNAs would |
regulate not only the essential genes for the physiologic'éj event but also drug metabolism

enzymes".

Conclusion

In this thesis, the transcriptional regulation by AhR; Spl, ER, and SF-1 and
posttranscriptional regulations by and miRNA of the hiithan CYP1B1 were clarified. CYP1B1
plays a role in metabolic activation of variety of procartinogens and metabolism of estrogens.
Furthermore, in vitro studies revealed that CYP1B1 coiild inactivate some anticancer agents
such as docetaxel and tamoxifen. Therefore, high expression of CYP1B1 in tumors might be
one of causes of resistance to anticancer drug in cancer eells. It is important to understand the
mechanisms regulating the CYP1B1 expression. I could throw new insights into the
molecular mechanism regulating human CYP1B1 expression from various viewpoints. This
information is useful to consider the clinical significance of CYP1B1 for the tumorigenesis,

estrogen homeostasis, and potential target of anticancer drugs.
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EFFFIOLPASOD—SFRETHS CYPIBl R EICATFOA RAVEVEERSICE REL
THY, REFOLERBYWHEORBWERILRIA s Y ORBEE-> TS, ARITIL F
CYPIBl BEFOREREBBIC OV TEAEL ORI LTWVS, B—Ic. &k CYPIBI BEF5- EW
IZ arylhydrocarbon receptor (AhR) /AhR nuclear translocator (ARNT) DAF T XA T — ST 2 2
"D xenobiotic responsive element (XRE ; — 853 & — 834) AEE L. MEK{FRT % £ TCYPIBI
DEBECERGREAEZRIL LTV b, %/ bifi— 824 I1F1E9 % Spl BEFIAD Spl DL % EH
L. RENBIURENCEEEE L2 @ET 5 L 2HbMIC L, $Ic, CYPIBLRITX F sy
E&D%géﬂ\iﬁ—49hﬁ&?é%mgmmwmmeMmm(RBmewgnmwmxﬁ%S?
BT &TCYPIBI BEFOEBEMBEENZ C L EELMC L, i, b FFERNBICHBIF 3 CYP1BI
DREABVARBMAICKEL TEBT B L AR LI, HE=IC, steroidogenic factor- 1 (SF-1) cAMP
responseelement binding protein (CREB) & U protein kinase A (PKA) DEZIicOWTHRE L. SF-1 B
& U CREB REEIEHICHS Lo 724, PKAICL D — 853 £ — 834 D XRE £/t LTEMEEh3C
LWRENTZ, $IUIZ, &k CYP1B1 mRNA O 3" —JEBBRAEIKD +4358/+4381 I microRNA (miR-27b)
DEBEIZ R L. CYPIBl DX/ HBH L CBRENED miR-27b K XV EEBBH ATV T
LEASMIT LI, CYPIBl DREBOEBIIBORERLIA Fu ¥ U RBEEICHEERIFT T LGRS
N3, ®oT, APAKRIREBEABLICIA M OF VORAA R XY ADERNEEER S ZRT 2 5
ATHRZHRERET260LEX 503, UEXOEE GE¥) LUTHMETE350LHE LI,
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