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Recent Breast Cancer Trials: Tamoxifen vs Aromatase Inhibitors

2001 Letrozole vs TAM 

2000 Anastrozole vs TAM 

2001 Anastrozole vs TAM 
2000 Anastrozole vs TAM 

2000 Exemestane vs TAM 

1st line
therapy in 
advanced
disease

No of Participants Response to Tx
AromIn  TAM

49% 38%* *

Time to Prog
AromIn   TAM
9.5 mo 6 mo907

59% * *353 46% 11.1 mo 5.6 mo

56%
34%* *

55% 8.3 mo668 8.2 mo
5.3 mo10.6 mo121 27%

107 41% 8.9 mo 5.2 mo52%

60%*Neoadj tx 2502001 Letrozole vs TAM 41%

2002 Anastrozole vs TAM 
ATAC

223 264
No of Recurrences

*Adj tx 9366

14 33
No of Contralat Breast Ca

*2002 Anastrozole vs TAM Contralat
ca prevention

9366



ESTROGEN PRODUCTION IN HUMAN TISSUES
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P450arom mRNA
TISSUE P450arom TRANSCRIPTS DETECTED 
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PGE2

aromatase promoter II activity
++

StAR promoter activity
++

cAMP

aromatase mrna level

A E1
aromatase enzyme

E2 endometriotic 
stromal cell

StAR mrna level

StAR activity

Noble et al, JCEM, 1996
Noble et al, JCEM, 1997
Zeitoun et al, Mol Endo, 1999

E2Cholesterol
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AA PGE2
COX-2

++

Epithelial  cell

endometriotic 
stromal cell

PGE2

p42/p44MAPK

NF-κB p65
C/EBPα
C/EBPβ

PGE2

IL-1β
immune cell

Tamura et al, JBC, 2002
Tamura et al, JCEM, 2002
Tamura et al, MCE, 2003
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++
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++

Tamura et al, JCEM, 2002
Tamura et al, Fertil Steril, 2004
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ANDROSTENEDIONE

aromatase

adrenaladrenal

OVARYOVARY
ANDROSTENEDIONE

GnRH-a
Progestin

aromatase inhibitor

ANDROSTENEDIONE ESTRONE

3-Estradiol

1-Estradiol

2-Estradiol

CHOLESTEROL

StAR

Takayama et al, Fertil Steril, 1998
Ailawadi et al, Fertil Steril, 2004
Soysal et al, Human Reproduction, 2004
Amsterdam et al, Fertil Steril, in press

FAT AND SKIN
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DISEASE-FREE
BREAST ADIPOSE

promoter I.4

mature adipocyte

aromatase

BREAST CANCER

aromatase

promoters I.4, I.7, I.3, II

fibroblasts,
endothelial cells

malignant
epithelial
cell

Agarwal et al, JCEM, 1997



Malignant breast epithelial cells

Pathological secretory products

CRE TATA

GENERAL
TRANSCRIPTION
FACTORS

Promoter II (aromatase)

+1
-31/-25-136/-124-211/-197

C/EBP
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CBP/p300Adipose fibroblast
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Zhou et al, Cancer Res, 2001 Normal breast epithelial cells
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I.4 I.3
II III IV V VI VII VIII IX X

common
splice
site

~36 kb

~73 kb

Coding RegionATG AATAA

GATA-2
I.7 PII

1010Normal Breast

143434Breast Cancer 1

TotalI.4I.3PIII.7
Number of 5´-
RACE Clones 

sequenced

54%Breast Cancer 5

42%Breast Cancer 4

42%Breast Cancer 3

39%Breast Cancer 2

Percentage of 
I.7-specific 

clones

5´-RACE/
Colony 

hybridization

DISTRIBUTION OF AROMATASE PROMOTERS IN BREAST CANCER SAMPLES (n=5):  

Sebastian et al, Mol Endo, 2002



TOTAL AROMATASE 
mRNA LEVELS:

PII arom coding

I.3 arom coding

I.4 arom coding

5´-UTR:

I.7 arom coding

aromatase
mRNA species
in breast cancer

I.4 arom coding
5´-UTR: aromatase

mRNA species
in normal breast

+NORMAL BREAST

++++BREAST CANCER



LEIOMYOMAS AND ESTROGEN-PROGESTERONE

• Leiomyoma growth is dependent on ovarian steroids.

• Conditions associated with increased estrogen and 
progesterone (e.g., pregnancy and HRT) result in growth 
of leiomyomata.

• On the other hand, conditions in which ovarian steroid 
concentrations are diminished (menopause and GnRHa 
therapy) result in a decrease in size of the leiomyomata.



LEIOMYOMAS AND ESTROGEN-PROGESTERONE

• The ovary represents a very important source of 
estrogen and progesterone necessary for leiomyoma
growth.

• Leiomyoma tissues are themselves a source of 
estrogen.

• The tissue concentrations of estrogens are elevated in 
leiomyoma nodules compared with levels in the 
surrounding myometrium. 



HISTORY - AROMATASE
• Leiomyoma tissue possesses high aromatase enzyme 

activity, whereas normal myometrium displays no activity
(Folkerd et al and Yamamato et al, 1984).

• We demonstrated that LSMCs in culture are capable of 
aromatizing androstenedione to estrogen (Bulun et al, 1994).

• Levels of aromatase mRNA are 1.5-25 times higher in 
leiomyomata than in surrounding myometrium (Bulun et al, 
1994).

• Immunoreactive aromatase is strongly expressed in smooth 
muscle cells of leiomyoma and in smooth muscle cells of the 
tunica intima of arterioles, but not in other cell components 
such as blood cells infiltrating leiomyoma tissues (Shozu et 
al, 2000).



Primary Leiomyoma Smooth Muscle Cells

proliferation

aromatase

inhibitor

A

A Estrogen

Shozu et al, JCEM, 2000



Uterine leiomyoma in a 
perimenopausal Japanese woman 
shrank significantly (>50%) after 
treatment with the aromatase inhibitor 
fadrozole.

Shozu et al, Fertil Steril 2003



REGULATION OF AROMATASE ACTIVITY AND EXPRESSION
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Shozu  et al, JCEM 2002 



Identification of Promoter Use Specific for 
Leiomyoma Tissue from Japanese Women

• Real-Time PCR: 16 of 20 nodules 
contained only I.4-specific mRNA. 

• The remaining 4 leiomyoma nodules 
were positive for both PII and I.4-
specific mRNA.

• 5´-RACE: 5 out of 6 leiomyomata
from Japanese patients contained I.4,
whereas only 2/6 contained PII-
specific mRNA.

Shozu  et al, JCEM 2002 



I.1 I.4 I.2 I.6 I.3 PII1f

II X

Arom Coding RegionI.1 Arom Coding RegionI.f
Placenta:

GENE:

mRNA:

I.7
UNTRANSLATED FIRST EXONS ATGUNTRANSLATED FIRST EXONS CODING EXONSCODING EXONS

Common Splice Site (in Exon II)

Arom Coding RegionI.4
Adipose Tissue:

Arom Coding RegionI.3
Breast cancer:

Arom Coding RegionPIIOvary/endometriosis:
Arom Coding RegionPII

Brain:

~90 kb ~30 kb

Arom Coding RegionI.7



5´-RACE
mRNA: ? coding region

reverse transcription

poly A tail ?

?
PCR and fractionate

?

clone in a vector

sequence sequence

5´-UTR



PROMOTER-SPECIFIC AROMATASE mRNA SPECIES BY 5´-RACE
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PROMOTER-SPECIFIC AROMATASE mRNA SPECIES IN HUMAN UTERINE
LEIOMYOMATA AND MYOMETRIAL TISSUES BY 5´-RACE (N=17)

LM
MYO

NL_MYO

Pr I.4

Pr II

Pr 2.a

Pr I.6 

Pr I.3 

0

10

20

30

40

50

60

70

Pe
rc

en
ta

ge
 o

fa
ro

m
at

as
e

pr
om

ot
er

 u
til

iz
at

io
n 

(%
)

Pr I.4
Pr II
Pr 2.a
Pr I.6 
Pr I.3 

LM,leiomyoma
MYO, myometrium

NL-MYO, normal    
myometrium



0

5

10

15

20

25

30

35

40

45

pe
rc

en
ta

ge
 o

fa
ro

m
at

as
e

ge
ne

 e
xp

re
ss

io
n 

(%
)

Pr-II Pr-I.3 Pr-I.7 Pr-I.4

QUANTITATION OF PROMOTER SPECIFIC AROMATASE mRNA SPECIES IN HUMAN UTERINE 
LEIOMYOMA AND MYOMETRIUM TISSUES BY REAL-TIME PCR
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ATG

II     III    IV      V     VI   VII     VIII  IX  X

Coding region
Promoter IIPromoter II

Promoter I.3Promoter I.3
Promoter I.6

Promoter I.2

Promoter I.f

Promoter I.5

Promoter I.4

Promoter 2a

Promoter I.1

0.2 kb0.5 kb11 kb17 kb10 kb30 kb5 kb15 kb

-576 gtccctaggg  atactgttta     atctggccca   tggtacaaga  gattttagat cttcattgaa 
-516 gtcactagag  atggcctgag   tgagcacttt    gaattcatta    gacaactgat ggaaggctct 
-456 gagaagacct  caacgatgcc  caagaaatgt gttcttactg     tagaaactta   ctattttgat 
-396 caaaaaagtc attttggtca     aaaaggggag ttgggagatt    gcctttttgt     tttgaaattg 
-336 atttggcttc    aagggaagaa gattgcctaa acaaaacctg   ctgatgaagt   cacaaaatga 
-276 ctccacctct   ggaatgagct   ttattttctt      ataatttggc   aagaaatttg   gctttcaatt 
-216 gggaatgcac  gtcactctac  ccactcaagg   gcaagatgat  aaggttctat  cagaccaagc 
-156 gtctaaagga   acctgagact  ctaccaaggt   cagaaatgct   gcaattcaag   ccaaaagatc 
-96 tttcttgggc     ttccttgttt      tgacttgtaa    ccataaatta    gtcttgccta    aatgtctgat 
-36 cacattataa   aacagtaagt   gaatctgtac   tgtacagcac 

PII TATA box

CRE (-211/-199)

PI.3 TATA box

CRE (-292/-285)C/EBP (-317/-304)

GATA (-181/-173)

NRHS (-136/-124)

CRE(-195/-184)



AROMATASE  EXPRESSION AND TRANSCRIPTION FACTORS

Endometrium Endometriosis

- ++++Aromatase

- ++++SF-1

++ ++LRH-1

Myometrium Leiomyoma

- ++++Aromatase

+ +SF-1

+ +LRH-1
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aromatase activity
aromatase mRNA

aromatase
coding region

ATG

I.3 3 ´5´ I.4 PII

glucocorticoid + IL-1β PGE2 or
cAMP-a + phorbol ester

GROWTH
aromatase inhibitor

LEIOMYOMA SMOOTH 
MUSCLE CELL

++

E2

I.6I.7I.2a
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