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Abstract. Increased 16a-hydroxylation of estradiol has been shown to be associated
with heightened cancer risk in estrogen responsive tissue. Certain types of human
papillomavirus (HPV) are cofactors for cancer in the cervix, an estrogen sensitive
tissue. We have demonstrated that estradiol and 16a-hydroxyestrone increased the
number of cells positive for proliferating cell nuclear antigen in HPV immortalized
keratinocytes, the in vitro correlate of the premalignant keratinocyte. These estrogens
caused the abnormal proliferation and anchorage independent growth, which corre-
lates with malignant conversion. Indole-3-carbinol, a phytochemical in cruciferous
vegetables known to preferentially induce 2-hydroxylation with minimal effect on 16a-
hydroxylation, markedly blocked the ability of estradiol to increase anchorage inde-
pendent growth. The results indicate that 16a-hydroxyestrone increases the malig-
nant phenotype of HPV immortalized keratinocytes. However, indole-3-carbinol will

block this response.

[P.S.E.B.M. 1998, Vol 217]

strogen promotes cancer in estrogen responsive tis-

sues. Increased 16a-hydroxylation of estrogen is as-

sociated with greater risk for cancer in the cervix (1),
breast (2), endometrium (3), and larynx (4). The metabolic
pattern of estrogen largely controls the availability of bio-
logically active estrogen, and this metabolism is strongly
influenced by phytochemicals. Indoles from cruciferous
vegetables (5, 6); certain fatty acids (7), or flavones (8)
induce 2-hydroxylation thereby increasing inactive estro-
gens. In addition, phytoestrogens compete for the estrogen
receptor and other estrogen binding proteins (reviewed in
Ref. 9).

Estradiol is the primary active estrogen and has a high
affinity with the estrogen receptor. Metabolism of estradiol
to sulfated estrogens results in compounds that are excreted
or stored. Alternately, as shown in Figure 1, estradiol is
oxidized to estrone, which may be either hydroxylated at
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C-2 to give 2-hydroxyestrone or at C-16a to give 16a-
hydroxyestrone (16a-OHE1). 2-Hydroxyestrone is a cat-
echol estrogen that is inactive and weakly antiestrogenic
(10). Conversely, 16a-OHEL1 is fully estrogenic (11) and
forms covalent bonds with amino groups (12), including the
estrogen receptor (13). 16a-OHE1 has a prolonged activity
in an estrogen-receptor-dependent response (14). 16c-
OHE] increases anchorage independent growth (AIG) and
induces DNA repair in mammary cells (15).

The human papillomaviruses (HPV) are cofactors for
cervical cancer, the focus of this study. Greater than 90% of
HPV-related lesions and cancers in the genital tract occur in
the most estrogen sensitive cells, the transformation zone of
the cervix (16). This is in contrast to nontransforming in-
apparent infections with HPV. The prevalence of HPV
DNA in other parts of the female genitalia or male genitalia
is equal or greater than the prevalence of HPV DNA in the
transformation zone (17, 18, 19) although significant lesions
are primarily in this zone. Cervical cancers take months or
years to develop. In a prospective study in Finland, 20% of
infections with HPV type 16 in the cervix became precan-
cerous lesions, and 21% of the precancerous lesions became
malignant (20). HPVs do not immediately induce cancer.
Expression of HPV is essential for initiating transformation,
and viral proteins are necessary for maintaining the trans-
formed state (reviewed in Ref. 21). For an HPV-trans-
formed cell to become malignant, the viral activity has to be
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Figure 1. 16a- and 2-Hydroxylation of estradiol.

supported or complemented by additional events, (e.g.,
DNA damage) (reviewed in Ref. 22).

Estrogen metabolism and the pathology of an HPV in-
fection appear to be interdependent. The transformation
zone of the cervix, where HPV lesions usually form, has a
high constitutive level of 16a-hydroxylation of estradiol
(1), an amount comparable to breast ductal cells (23). On
the other hand, virtually no 16a-hydroxylation occurs in
male genitalia (1). Active infection with HPV (24) or im-
mortalization with HPV increases 16a-hydroxylation (1).
This increase even occurs in immortalized foreskin kera-
tinocytes, cells that do not normally hydroxylate estradiol.
However, the level of 16a-hydroxylation in HPV immor-
talized foreskin cells is still less than in normal cells derived
from the transformation zone (1). The implication is that
there is a spiraling effect whereby 16c-hydroxylation exac-
erbates an HPV infection, and HPV increases 16a-
hydroxylation.

In this study, we explored the promotional role of 16a-
OHE1 on the HPV16 immortalized genital keratinocytes to
the malignant phenotype and methods for blocking this
response.

Materials and Methods

Cells and Cell Culture. All of the HPV16 cell lines
had been previously evaluated for the ability to carry out 2-
and 16o-hydroxylation (1). The HPV16 immortalized fore-
skin cell line used in this study was evaluated for estrogen
metabolism before and after the immortalization of cultured
foreskin keratinocytes with cloned HPV16 DNA (1). The
CX162S are HPV16 immortalized keratinocytes from the
cervix (25). While immortalized, neither cell line is malig-
nant. The cell lines were expanded in FAD medium (1:3
mix of Ham’s F12 and DME plus 24.3 mg/ml adenine)
supplemented with 5% fetal bovine serum, epidermal
growth factor, insulin, cholera toxin, and hydrocortisone.
Defined medium was keratinocyte basal medium purchased
from Clonetics (San Diego, CA) without methyl red indi-
cator and supplemented with epidermal growth factor, in-
sulin, hydrocortisone, transferrin, retinoic acid, and pituitary

extract. Charcoal stripped serum was used in selected ex-
periments as indicated. 16a-OHE1 was purchased from
Steraloids (Wilton, NH).

Estrogen biotransformation assays. The radiomet-
ric procedure to evaluate the conversion of estradiol to 16a-
OHEI has been previously described (26). Briefly, the for-
mation of *H,O from stereospecifically labeled *H (C16)-
estradiol was determined. Labeled estrogen was added to
confluent cell monolayers. After incubation for 24 hr, the
sublimed water from the culture medium was counted for
radioactivity. Corrections were made for the spontaneous
biotransformation in the medium and normalized by protein
content of cells using the Pierce (Rockford, IL) modification
of the Lowry method. To evaluate water soluble (sulfated)
estrogens, 6,7-°H was used as above. Free and conjugated
estrogen were partitioned between chloroform and medium.
The percentage of counts remaining in the medium was
determined.

Anchorage independent growth. Trypsinized cells
were suspended in supplemented FAD medium and 5%
charcoal stripped fetal bovine serum with a final concentra-
tion of 0.6% agar and plated in 60-mm tissue culture dishes.
Cells were fed twice weekly with medium containing 0.3%
agar without removing the basal medium. Results were
evaluated at 4 and 5 weeks after plating.

Unscheduled DNA synthesis. The method was iden-
tical to that used by us for mammary cells (15). Briefly,
cells were treated with hydroxyurea and *H thymidine for
24 hrs, and incorporation of tritium in a trichloroacetic acid
precipitate of cell lysates was determined.

Assays for PCNA. The percentage of cells positive
for proliferating cell nuclear antigen (PCNA) was deter-
mined as described by us previously (24). Briefly, cells
were fixed with 1% paraformaldehyde and treated with an-
tibody to PCNA (Boehringer Mannheim, Indianapolis, IN)
followed by fluorescein-labeled anti-rabbit IgG antibody.

Results

The results show that 16a-OHE1 promotes the contin-
ued transformation of HPV immortalized cells to a more
malignant phenotype. Hydroxylation of estradiol is in-
creased in cells derived from papilloma lesions (24) and
increased in cells immortalized with HPV type 16 (1). High-
risk HPV types like 16 are cofactors in cervical cancer.
They transform keratinocytes but are not sufficient to fully
transform cells into the malignant phenotype (reviewed in
Refs. 21, 22). Because 16a-OHEl is a DNA-damaging
agent in mammary cells (15), we hypothesized it would be
more pronounced in HPV immortalized cells. The viral on-
coprotein E6 expressed by HPV16 degrades p53 protein
(27). Therefore, p53 cannot stop cell replication and repair
DNA or induce apoptosis in response to DNA damage (re-
viewed in Ref. 28).

To test this concept, we measured AIG in HPV immor-
talized cells. AIG is the transformed phenotype that most
closely correlates with the malignancy (29). We used the
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HPV16 immortalized foreskin keratinocytes because estro-
gen metabolism is low in these cells compared to HPV16
immortalized cervical keratinocytes (1). As shown in Figure
2 and Table I, AIG occurred in the cells treated with estra-
diol or 16a-OHEI, but not in the untreated cells. The most
AIG occurred with 16a-OHE1 treatment. Since indole-3-
carbinol (I3C), a dietary component of cruciferous veg-
etables induces alternate metabolism, 2-hydroxylation (30),
we measured the response to the addition of I3C to AIG in
cells treated with estradiol. As shown in Table I, I3C abro-
gated the ability of estradiol to enhance the AIG of the HPV
immortalized cells. From these results, it is clear that 16a-
OHEI causes a more transformed phenotype of HPV im-
mortalized keratinocytes, and 2-hydroxyestrone inhibits this
transformation.

Both estradiol and 16a-OHEI! increase proliferation of
estrogen sensitive cells including breast and larynx (10, 24).
Errors in DNA can be incorporated in replicating cells. The
extent of proliferation was measured by PCNA positive
nuclei. Addition of estradiol and 16a-OHE1 resulted in
increased numbers of proliferating HPV immortalized fore-
skin and cervical keratinocytes (Fig. 3). However, the
increase for the foreskin cells was not significant (Mann-
Whitney, one tailed analysis). At least in HPV transformed
cervical keratinocytes, estradiol and 16a-OHE1 would con-
tribute to the continued transformation by increasing prolif-
eration with incorporation of DNA errors.

Estradiol can also be metabolized by conjugation to
form water soluble sulfates that can be excreted or stored.
We determined that defined medium without serum favors
sulfation and blocks hydroxylation. Such medium without
serum favors formation of water soluble estrogens. 16a-
Hydroxylation was prevented with no *H at the C16 posi-
tion being converted to H,0. The effect was medium de-
pendent since hydroxylation was restored when serum was
added to the medium. However, tritiated estradiol became
soluble in the defined medium. Greater than 65% of the
estradiol became soluble in 24 hrs whereas less than 4%

Estradiol

Control 16a-Hydroxyestrone

Figure 2. Estradiol and 16«-hydroxyestrone increase anchorage in-
dependent growth of HPV16 immortalized keratinocytes. HPV16 im-
mortalized foreskin keratinocytes were plated in soft agar (0.6% in
supplemented F12/DME, 10% charcoal stripped fetal calf serum) at
a density of 10* cells/ml. The medium contained no estrogen (con-
trol), 107 estradiol, or 10~7 16a-hydroxyestrone. Cells were main-
tained as described in methods. Original photography (5 weeks after
plating) was at 62x.
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Table I. Estradiol and 16a-Hydroxyestrone Increase
Anchorage Independent Growth; Indole-3-Carbinol
Abrogates Effect of Estradiol

Number of colonies (> 5 cells)

Starting 16 Estradiol

densi i = nd 3o

tY  Control Estradiol OHE1 and I3C
Expt1  10° 0 20 28 X
Expt2  10° 112 281 tntc 40
Expt 3 10* 2 13 53 8
Exptd  10° 5 15 3 o

Note. tntc = too numerous to count

HPV16 immortalized foreskin keratinocytes were plated in soft agar
(0.6% in supplemented F12/DME, 10% charcoal stripped fetal calf
serum) at a density of 10* or 105 cells/ml. The medium contained no
estrogen (control), 10~ estradiol, 10~7 16a-OHE, or both 107 es-
tradiol and 13C. Cells were maintained as described in methods.
After 4 weeks, the number of colonies (> 5 cells in a cluster) on a
60-mm dish was determined.
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Figure 3. Estradiol and 16a-hydroxyestrone increase proliferation
of HPV16 immortalized keratinocytes. HPV16 immortalized foreskin
and HPV16 immortalized cervical cells (CX162S) were cultured in
defined medium containing no estrogen (control), 10~7 M estradiol or
1077 M 16a-OHE1. Seventy-two hours after the addition of estro-
gens, the percentage of PCNA positive cells was determined. The
percentage positive cells was determined on approximately 1000
cells/assay, and resulits are from at least three assays (cervical cells)
and five assays (foreskin cells). The percentage of positive cells was
normalized to control and standard deviations determined.

estradiol in the control medium became soluble. This ob-
servation is not unique to these genital cells because endo-
metrial cells no longer hydroxylate estradiol in defined me-
dium without serum (43).

Discussion

We have shown that 16a-OHE]1, a product of estrogen
metabolism, enabled keratinocytes immortalized with
HPV16 to grow in soft agar, a property of transformed cells
that best correlates with the tumorigenic phenotype. A rea-
son for this change in phenotype could be genotoxic damage



induced by 16a-OHEL. Clearly, estradiol and 16a-OHE1
destabilize DNA and cause DNA damage. Estradiol causes
aneuploidy (31). 16a-OHE1 forms covalent bonds, nonen-
zymatically with amino groups (12, 13), a property that
should enable this compound to make adducts on DNA.
Although genotoxic damage caused by 16a-OHE1 has been
validated in breast cells (15), we were unable to show un-
scheduled DNA synthesis either with estradiol, 16a-OHE1
or the mutagen dimethylbenz(a) anthacene (results not
shown). These results are not surprising since p33 is de-
graded in HPV16 immortalized cells and unable to induce
repair of DNA or apoptosis of damaged cells.

Immortalization of keratinocytes by HPV is not suffi-
cient to give cells the property of tumorigenicity. Both in
vivo and in vitro, transformation of keratinocytes occurs in
steps. A big range of premalignant and malignant lesions
from very mild dysplasias to invasive carcinomas is as-
cribed to HPV infections in the cervix. Most premalignant
lesions do not become malignant (20). In vitro, HPVs can
immortalize cells. Such cells are not tumorigenic, but sev-
eral immortalized lines subsequently became tumorigenic
after transfection with Harvey ras gene (32), infection with
Herpes viruses (33, 34) or treatment with mutagens (35, 36).
Clinically, DNA damaging agents such as x-rays (37), and
ultraviolet light (38) promote the malignant conversion of
HPV infections. Typically, HPV sequences from cervical
cancers are integrated or have rearrangements (39). Estro-
gen via 16a-hydroxylation enhances DNA damage in es-
trogen responsive cells, and effects are exacerbated because
the virus, in turn, increases 16a-hydroxylation of estradiol.

We have previously determined that although the extent
of 16a-OHE1 formation is constitutive and not readily al-
tered, 2-hydroxylation is readily modulated (40). I13C is po-
tent at inducing 2-hydroxylation of estradiol (41). Addition
of I3C to the soft agar cultures showed that increasing 2-
hydroxylation blocks the ability of estradiol to increase AIG
of HPV immortalized cells. In the absence of serum, which
is totally nonphysiologic, hydroxylation at 2- or 16a- is
diminished, and the major pathway is sulfation. Available
estrogen is determined by many factors that are modulated
by diet, drugs, and exercise. Aromatation of androgens to
yield estrogens and the availability of sex hormone binding
globulin are regulated by the degree of obesity. The meta-
bolic pattern is also altered in subjects on vegetarian diets.
Phytoestrogens and environmental estrogens have positive
or negative effects on available estrogens (reviewed in Ref.
9). HPV disease in estrogen sensitive tissue can be altered
by any of these effects.

Increasing 2-hydroxyestrone and decreasing the avail-
ability of 16a-OHE1 should not only be beneficial in the
prevention of both papillomas (24) but also the malignant
conversion. In support of this hypothesis, we recently de-
termined that the ratio of 2- to 16a-metabolites are de-
creased significantly in women with cervical intraepithelial
neoplasia (CIN) and further decreased as the CIN staging
increases (42). Additionally, studies in patients with the

HPV disease laryngeal papillomatosis have demonstrated
that feeding I3C and increasing 2-hydroxylation of estradiol
does result in inhibition of the growth of these tumors.

1. Auborn KJ, Woodworth C, DiPaolo JA, Bradlow HL. The interaction
between HPV infection and estrogen metabolism in cervical carcino-
genesis. Int J Cancer 49:867-869, 1991.

2. Schneider J, Kinne D, Fracchia A, Pierce V, Anderson KE, Bradlow
HL, Fishman J. Abnormal oxidative metabolism of estradiol in women
with breast cancer. Proc Natl Acad Sci USA 79:3047-3051, 1982.

3. Fishman J, Schneider J, Hershcope RJ, Bradlow HL. Increased estro-
gen-16 alpha-hydroxylase activity in women with breast and endome-
trial cancer. J Steroid Biochem Mol Biol 20:1077-1081, 1984.

4. Steinberg BM, Auborn KJ. Papillomaviruses in head and neck disease:
Pathophysiology and possible regulation. J Cell Biochem (Suppl
17F:155-164, 1993.

5. Michnovicz JJ, Bradlow HL. Altered estrogen metabolism and excre-
tion in humans following consumption of indole-3-carbinol. Nutr Can-
cer 16:59-66, 1991.

6. Jellinck PH, Michnovicz JJ, Bradlow HL. Influence of indole-3-
carbinol on the hepatic microsomal formation of catechol estrogens.
Steroids 56:446—450, 1991.

7. Osborne MP, Karmali RA, Hershcoph RJ, Bradlow HL, Kourides IA,
Williams WR, Rosen PP, Fishman J. Omega-3 fatty acid: Modulation
of estrogen metabolism and potential breast cancer prevention. Cancer
Invest 6:629-631, 1988.

8. Sepkovic DW, Bradlow HL, Michnovicz J, Murtezani S, Levy I, Os-
borne MP. Catechol estrogen production in rat microsomes after treat-
ment with indole-3-carbinol, ascorbigen, or beta-naphthaflavone: A
comparison of stable isotope dilution gas chromatography-mass spec-
trometry and radiometric methods. Steroids 59:318-323, 1994.

9. Rose DP. Dietary fiber, phytoestrogens, and breast cancer. Nutrition
8:47-51, 1992.

10. Schneider J, Huh MM, Bradlow HL, Fishman J. Antiestrogen action of
2-hydroxyestrone on MCF-7 human breast cancer cells. J Biol Chem
259:4840-4845, 1984.

11. Fishman J, Martucci C. Biological properties of 16 alpha-hydroxy-
estrone: Implications in estrogen physiology and pathophysiology. J
Clin Endocrinol Metab 51:611-615, 1980.

12. Bucala R, Fishman J, Cerami A. Formation of covalent adducts be-
tween cortisol and 16 alpha-hydroxyestrone and protein: Possible role
in the pathogenesis of cortisol toxicity and systemic lupus erythema-
tosus. Proc Natl Acad Sci USA 79:3320-3324, 1982.

13. Swaneck GE, Fishman J. Covalent binding of the endogenous estrogen
16 alpha-hydroxyestrone to estradiol receptor in human breast cancer
cells: Characterization and intranuclear localization. Proc Natl Acad
Sci USA 85:7831-7835, 1988.

14. Lustig RH, Mobbs CV, Pfaff DW, Fishman J. Temporal actions of 16
alpha-hydroxyestrone in the rat: Comparisons of lordosis dynamics
with other estrogen metabolites and between sexes. J Steroid Biochem
Mol Biol 33:417-421, 1989.

15. Telang NT, Suto A, Wong GY, Osborne MP, Bradlow HL. Induction
by estrogen metabolite 16 alpha-hydroxyestrone of genotoxic damage
and aberrant proliferation in mouse mammary epithelial cells. J Natl
Cancer Inst 84:634-638, 1992.

16. Paavonen J, Koutsky LA, Kaviat N. Cervical neoplasia and other
STD-related genital and anal neoplasias. In: Holmes KK, Mardh PA,
Sparling PG, Wiegner PJ, Eds. Sexually Transmitted Diseases. New
York: McGraw Hill, pp561-592, 1990.

17. Koutsky LA, Galloway DA, Holmes KK. Epidemiology of genital
human papillomavirus infection. Epidemiol Rev 10:122-163, 1988.

18. Baken LA, Koutsky LA, Kuypers J, Kosorok MR, Lee SK, Kiviat NB,
Holmes KK. Genital human papillomavirus infection among male and
female sex partners: Prevalence and type-specific concordance. J In-
fect Dis 171:429-432, 1995.

ESTROGEN AND HUMAN PAPILLOMAVIRUS 325



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

326

Schneider A, Meinhardt G, Kirchmayr R, Schneider V. Prevalence of
human papillomavirus genomes in tissues from the lower genital tract
as detected by molecular in situ hybridization. Int J Gynecol Pathol
10:1-14, 1991.

Syrjanen KIJ. Papillomavirus infections and cancer. In: Syrjanen K,
Gissmann L, Koss LG, Eds. Papillomaviruses and Human Disease.
New York: Springer, pp467-503, 1987.

Werness BA, Munger K, Howley PM. Role of the human papilloma-
virus oncoproteins in transformation and carcinogenic progression.
Important Adv Oncol 3-18, 1991.

Zur Hausen H. Human papillomaviruses in the pathogenesis of ano-
genital cancer. Virology 184:9-13, 1991.

Telang NT, Axelrod DM, Wong GY, Bradlow HL, Osborne MP. Bio-
transformation of estradiol by explant culture of human mammary
tissue. Steroids. 56:37-43, 1991.

Newfield L, Goldsmith A, Bradlow HL, Auborn K. Estrogen metabo-
lism and human papillomavirus-induced tumors of the larynx: Chemo-
prophylaxis with indole-3-carbinol. Anticancer Res 13:337-341, 1993.
Woodworth CD, Bowden PE, Doniger J, Pirisi L, Barnes W, Lancaster
WD, DiPaolo JA. Characterization of normal human exocervical epi-
thelial cells immortalized in vitro by papillomavirus types 16 and 18
DNA. Cancer Res 48:4620-4628, 1988.

Telang NT, Bradlow HL, Kurihara H, Osborne MP. In vitro biotrans-
formation of estradiol by explant cultures of murine mammary tissues.
Breast Cancer Res Treat 13:173-181, 1989.

Scheffner M, Werness BA, Huibregtse JM, Levine AJ, Howley PM.
The E6 oncoprotein encoded by human papillomavirus types 16 and 18
promotes the degradation of p53. Cell 63:1129-1136, 1990.

Hainaut P. The tumor suppressor protein p53: A receptor to genotoxic
stress that controls cell growth and survival. Curr Opin Oncol 7:76-82,
1995.

Freedman VH, Shin S-I. Cellular tumorigenicity in nude mice: Cor-
relation with cell growth in semi-solid medium. Cell 3:355-359, 1974.
Michnovicz JJ, Bradlow HL. Induction of estradiol metabolism by
dietary indole-3-carbinol in humans. J Natl Cancer Inst 82:947-949,
1990.

Tsutsui T, Suzuki N, Fukuda S, Sato M, Maizumi H, McLachlan JA,
Barrett JC. 17beta-Estradiol-induced cell transformation and aneu-
ploidy of Syrian hamster embryo cells in culture. Carcinogenesis
8:1715-1719, 1987.

ESTROGEN AND HUMAN PAPILLOMAVIRUS

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

. DiPaolo JA, Woodworth CD, Popescu NC, Notario V, Doniger J.

Induction of human cervical squamous cell carcinoma by sequential
transfection with human papillomavirus 16 DNA and viral Harvey ras.
Oncogene 4:395-399, 1989.

DiPaolo JA, Woodworth CD, Popescu NC, Koval DL, Lopez JV,
Doniger J. HSV-2-induced tumorigenicity in HPV16-immortalized hu-
man genital keratinocytes. Virology 177:777-779, 1990.

Chen M, Popescu N, Woodworth C, Berneman Z, Corbellino M, Lusso
P, Ablashi DV, DiPaolo JA. Human herpesvirus 6 infects cervical
epithelial cells and transactivates human papillomavirus gene expres-
sion. J Virol 68:1173-1178, 1994.

Li SL, Kim MS, Cherrick HM, Doniger J, Park NH. Sequential com-
bined tumorigenic effect of HPV-16 and chemical carcinogens. Car-
cinogenesis 13:1981-1987, 1992.

Garrett LR, Perez-Reyes N, Smith PP, McDougall JK. Interaction of
HPV-18 and nitrosomethylurea in the induction of squamous cell car-
cinoma. Carcinogenesis 14:329-332, 1993.

Zehnder PR Jr., Lyons GD. Carcinoma and juvenile papillomatosis.
Ann Otol Rhinol Laryngol 84:614-618, 1975.

Majewski S, Jablonska S. Epidermodysplasia verruciformis as a model
of human papillomavirus-induced genetic cancers: The role of local
immunosurveillance. Am J Med Sci 304:174-179, 1992.

Pater MM, Pater A. Human papillomavirus types 16 and 18 sequences
in carcinoma cell lines of the cervix. Virology 145:313-318, 1985.

Michnovicz JJ, Bradlow HL. Dietary and pharmacological control of
estradiol metabolism in humans. Ann N Y Acad Sci 595:291-299,
1990.

Niwa T, Swaneck G, Bradlow HL. Alterations in estradiol metabolism
in MCF-7 cells induced by treatment with indole-3-carbinol and re-
lated compounds. Steroids §9:523-527, 1994.

Sepkovic DW, Bradlow HL, Ho G, Hankinson SE, Gong L, Osborne
MP, Fishman J. Estrogen metabolite ratios and risk assessment of
hormone-related cancers: Assay validation and prediction of cervical
cancer risk. Ann NY Acad Sci 768:312-316, 1995.

Bradlow HL, Arcuri F, Blasi B, Castagnetta L. Effect of serum albu-
men on estrogen metabolism in human cells. Mol Cell Endocrinol
115:221-225, 1995.





