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papillomavirus (31), a papillomavirus that causes skin cancer in
rabbits.
The possibility exits that a high-fat diet may influence the outcome
of HPV-related cancers. As described above, fat appears to influence
NMSC. Fat clearly influences estrogen levels, a factor for the development of cervical cancer. A mouse with transgenes for the highly
oncogenic HPV16 exists that develops NMSC spontaneously (32).
This mouse develops cervical cancer when given estrogen chronically
(24). Vegetable oils contain the n-6 PUFA (linoleic acid), and n-6
PUFAs are known to promote the development and progression of
mammary cancer in mouse models (33, 34) but have differential
effects for skin cancers, depending on the promoter (14 –15, 17–19).
Because vegetable oils are the major fatty acid contributor in the
Western diet, and growing evidence supports a HPV component in
many NMSCs, we asked whether a diet rich in corn oil, which is
almost exclusively linoleic acid, would influence the outcome of
NMSC and/or cervical cancer in the mouse with HPV transgenes.

ABSTRACT
Using a mouse with transgenes for the highly oncogenic human papillomavirus type 16, we asked whether a diet high in fat, namely, the n-6
polyunsaturated fatty acid linoleic acid, would influence the development
of skin or cervical cancer. Virgin female keratin 14-human papillomavirus
16 transgenic mice were fed control diet or diet with 20% corn oil. The
effect of these diets was compared in mice implanted or not implanted
with 0.125 mg/60 day release of estradiol. More precancers and cancers of
the skin developed faster in mice fed the high-fat diet. Estrogen had no
effect on the development of skin cancers. In contrast, estrogen was
necessary for the development of cervical cancer, and a high-fat diet had
no effect on the development of cervical cancer.

INTRODUCTION
Dietary fat ranks as a risk factor for some prevalent cancers (1– 8).
Saturated fat is worse than unsaturated fat, and n-6 PUFAs3 increase
cancer risk, whereas n-3 PUFAs decrease risk. Because high-fat diets
increase the conversion of androgens to estrogen, it is not surprising
that high-fat diets appear to increase the estrogen-enhanced breast and
endometrium cancers. Even NMSC, the most common cancer among
Caucasians in the United States, with an estimated one-half million
new cases a year (9), appears be affected by a high-fat diet (10 –12).
A low-fat diet (⬍20% of calories from fat) reduced the incidence of
precancerous skin lesions and skin cancers in human patients with a
history of NMSC (13). In animal studies, a high-fat diet increases the
likelihood of skin tumors after exposure to UV radiation, and changing to a low-fat diet after the UV exposure reduces the incidence of
skin cancer (14, 15). A high-fat diet also counteracted the inhibitory
effect of an energy-restricted diet in a mouse model for chemically
induced skin cancer (16). However, whereas PUFAs, including n-6
fatty acids, increase skin cancer in the mouse induced by UV radiation, PUFAs decrease skin cancers in certain chemically induced skin
cancer models (17–19).
Certain HPV types render cells susceptible to cancers because they
inactivate some tumor suppressors such as p53 and retinoblastoma
(20, 21). Most notably, HPV is a cofactor for cervical cancer (22), and
estrogen apparently promotes the development of this cancer (23, 24).
Epidermodysplasia verruciformis is a HPV-associated skin disease
resulting in NMSCs on sun-exposed areas of skin (25, 26). Although
controversial, evidence is accumulating that some newly discovered
HPV types may be cofactors for most NMSC (27–30). Prevailing data
indicate that HPV infections occur early, are ubiquitous, and become
latent and that prolonged UV irradiation is needed to activate viral
gene functions. Consistent with the data from human studies on
epidermodysplasia verruciformis, UV activates latent cottontail rabbit

MATERIALS AND METHODS
Animals. The K14-HPV16 transgenic mice developed by Arbeit et al. (32)
were described previously. The transgenes consist of the early region of the
HPV16 genome controlled by the K14 promoter. Heterozygous virgin female
mice (4 –5 weeks old) were used in this study, and only littermates were housed
together. Euthanasia was performed by CO2 asphyxiation. The study was
approved by the Institutional Care and Use Committee of the Long Island
Jewish Medical Center.
Diet Studies. Control diet was AIN76a (5% corn oil with 22% of calories
from protein, 11% of calories from fat, and 67% of calories from carbohydrate). The high-fat diet was AIN76 (20% corn oil with 19% of calories from
protein, 37% of calories from fat, and 44% of calories from carbohydrate).
Diets were purchased from Ziegler Brothers Inc. (Gardner, PA) and stored
under nitrogen until used. Mice were implanted s.c. with 0.125 mg/60-day
release pellets of 17␤-estradiol or placebo. Implants were repeated every 60
days until the end of the study. Mice were fed ad libitum.
Tissue Procurement and Histology. After euthanasia, ear skin was removed and fixed immediately in 10% formalin in PBS overnight. Similarly,
the vagina, cervix, and both uterine horns were removed and fixed. Tissues
were dehydrated through graded alcohol and xylene and embedded in paraffin.
Five-m serial sections through the full tissue were prepared, mounted, deparaffinized, and stained with H&E.
Statistics. The 2 test was used for data analysis.

RESULTS
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Phenotypic Effects of High-fat Diets. The K14-HPV16 transgenic mouse exhibits thickened ears and a scruffy coat of fur and
becomes more mangy with age compared with the nontransgenic
littermates (Fig. 1, A and B). As described previously (32, 35), warty
lesions will occur in a subset of these mice, and some of these lesions
become cancers in mice on control diets. The incidence of these
lesions increases with age. In our studies with female mice, 1 of 16
mice on control diet (no estrogen implants) developed skin lesions by
7 months of age, whereas most of the remaining mice studied in the
same group (12 additional mice) eventually developed skin lesions at
a later age. Lesions usually occurred on or behind the ear and
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with estradiol. This subset was sacrificed at 12 months of age. When
groups of mice on the high-fat diets were compared (Fig. 3), 33%
(n ⫽ 25) and 26% (n ⫽ 23) of mice untreated or treated with estradiol
developed skin cancer in one or both ears; ⬍6% of mice in either of
the groups on control diets developed skin cancer in one or both ears,
regardless of whether or not they were treated with estradiol.
Effects of High-fat Diet on Cervical Cancer. Treatment with
estradiol in both normal and transgenic mice results in hyperplasia and
dysplasia of the cervical epithelium (24, 35). However, only transgenic mice treated with estradiol develop cervical cancer (24, 35). In
this study (Fig. 4), no mouse (0 of 53 mice) developed cervical cancer
in the combined diet groups that had no estradiol treatment. However,
68% of mice fed the control diet and 60% of mice fed the high-fat diet
developed cervical cancer in the estradiol-treated groups (48 mice/
group). An example is shown in Fig. 2D.
DISCUSSION

Fig. 1. Phenotypic appearance of K14-HPV16 mice. A, transgenic mouse (with
thickened, reddish ears) and nontransgenic littermate; B, older transgenic mouse with
solitary warty lesion on head; C, transgenic mouse fed diet supplemented with 20% corn
oil with multiple small and large warty lesions.

sometimes occurred on the face or head, sites that are typically
irritated by scratching (Fig. 1B). Male mice housed with other males,
including littermates, develop more lesions at sites of injury caused by
biting and fighting (data not shown).
Mice fed the high-fat diet developed much more skin pathology that
could be detected visually (Fig. 1C). All mice on the high-fat diet,
with or without estradiol, experienced hair loss under the chin and
chest as early as 3 months after starting the diet. Lesions started to
occur as early as 3– 4 months and were usually multiple. The most
severe lesions, i.e., those more likely to become cancers, were typically on the ear. This contrasts with the typical appearance of lesions
in mice fed control diet (see the description above). Mice on control
diets developed tumors that were usually solitary and not observed
until 6 months of age, usually older. No skin pathology was evident in
the nontransgenic littermates, although these mice became obese on
the high-fat diet (results not shown).
Effects of High-fat Diets on Skin Cancer. Mice with HPV transgenes have hyperplastic skin regardless of diet (Fig. 2A), and this is
the cause of the thickened ears. By 7 months of age, most skin lesions
turned out to be benign and exhibited dysplasia of varying severity
(Fig. 2B). Similar to our previous studies (35), most cancers occurred
in the skin of the ear in these studies. An example is shown in Fig. 2C.
Studies compared the percentage of mice that developed cancers in
ear epithelia. Mice were euthanized at 7 months, except for a subset
of mice (n ⫽ 12) within the group fed the control diet and not treated

In this study, a diet made high fat with corn oil (almost exclusively
the n-6 PUFA linoleic acid) increased the number of precancerous
skin lesions and progression to skin cancer in mice with HPV transgenes driven by the K14 promoter. In contrast, cervical cancer was not
increased. Additionally, this study supports the findings of other
studies showing that estrogen is a cofactor for cervical cancer (24, 35,
36) and shows that estrogen is not a cofactor for skin cancer. Importantly, this study indicates that the n-6 PUFAs can be a cofactor for
skin cancer, and the specific promoter for HPV-initiated cancer depends on the tissue site.
n-6 PUFAs could promote tumorigenesis by several mechanisms.
High-fat diets increase estradiol by increasing aromatase and conversion of androgens to estrogen. We can eliminate increased estrogen as
a possible mechanism because n-6 PUFAs did not increase the incidence of cervical cancer, and cervical cancer is dependent on estrogen
in this model. Conversely, estrogen did not increase the incidence of
skin cancer. A second possible mechanism involves inflammation.
Linoleic acid is converted to arachidonic acid, which is converted to
PGs by cyclooxygenases. PGs increase cell proliferation, promote
angiogenesis, and inhibit immune surveillance, all of which favor the
growth of malignant cells (reviewed in Refs. 37 and 38). Consistent
with the possibility that PGs may contribute to skin cancer, both a
specific inhibitor of cyclooxygenase-2 and indomethacine, an inhibitor of cyclooxygenases, have been shown to inhibit UV-induced skin
cancer (39). Furthermore, immunosuppression in humans increases
HPV skin lesions and subsequent cancers (40, 41), and much information indicating that PUFAs affect eicosanoid metabolism and immunosuppression exists. As another possibility, recent studies have
demonstrated that PUFAs may influence the activity of the epidermal
growth factor receptor/mitogen-activated protein kinase pathway,
which could activate a number of oncogenes (reviewed in Ref. 42).
As described in the “Introduction,” the issue of whether HPVs
constitute a major risk for NMSCs is controversial. However, HPV16,
the source of transgenes in this study, has been shown to be a factor
in cases of Bowen’s disease (43, 44), and HPVs inactivate certain
tumor suppressors common to many cancers, rendering cells more
vulnerable to malignant transformation. Regardless, the mouse model
used in this study is yet another indication (not to mention human
studies) that implicates that a high-fat diet promotes skin cancer.
Clearly, the development of either cervical or skin cancer requires the
HPV oncogenes in our mouse model because neither cancer occurs in
the nontransgenic littermates fed the high-fat diet4 or given estrogen.
The fact that corn oil is a cofactor for this skin cancer, whereas
4

Unpublished results.
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Fig. 2. Skin (ear) and cervical-vaginal sections of
K14-HPV 16 mice. H&E staining shows (A) hyperplasia of ear epithelium, (B) dysplasia of ear epithelium, (C) invasive cancer of ear epithelium, and (D)
invasive cancer of the cervix.

estrogen is a cofactor for cervical cancer, is intriguing. Different types
of HPVs have tissue specificity, which is dependent, at least in part,
on the regulatory regions within the viral genomes (45). However, the
HPV transgenes are driven by the K14 promoter in this mouse model
(24). Therefore, cellular factors, rather than viral factors, must be
responsible for the differences observed. It appears that the n-6
PUFAs affect breast and cervical cancer cells differently. These data
and our in vitro data (46) indicate that linoleic acid does not affect
cervical cells transformed by HPV16. However, linoleic acid in-

Fig. 4. Estrogen, but not n-6-PUFAs, increases cervical cancer in K14-HPV16 mice.
Cervixes were harvested from the same mice and evaluated for cancer. The percentage of
mice with invasive cervical cancer was compared in mice fed control or high-fat diets and
treated or not treated with estradiol. Comparing the occurrence of cervical cancers in mice
treated or not treated with estrogen, P ⫽ 0.0002 for groups given control diet or
P ⫽ 0.0002 for groups given the high-fat diet. No difference was related to high-fat diet.

Fig. 3. n-6 PUFAs, but not estrogen, increase skin cancer in K14-HPV 16 mice. Ear
epithelia (both ears) were harvested from mice after euthanasia and examined histologically. The time point was 7 months of age, except for a subset (euthanized at 12 months)
within the group of untreated mice fed the control diet. The percentage of mice with
invasive cancer in at least one ear was compared in mice fed control diet (n ⫽ 28), mice
fed control diet and given slow-release estradiol (n ⫽ 25), mice fed high-fat diet (n ⫽ 25),
and mice fed high-fat diet and given slow-release estradiol (n ⫽ 23). Comparing the
amounts of skin cancer, P ⫽ 0.047 in mice fed control diet compared with mice fed the
high-fat diet that were not treated with estrogen or P ⫽ 0.035 in mice fed control diet
compared with mice fed the high-fat diet and treated with estrogen. There was no
significant difference comparing estrogen treatment in the control groups or groups fed the
high-fat diet.

creases proliferation in breast cells in vitro (47, 48) and increases
mammary tumors in mice (33, 34). In addition to tissue specificity,
linoleic acid can promote UV-initiated skin cancer (14, 15) or inhibit
certain chemically induced skin cancers (17–19) in various mouse
models. An explanation for the tissue specificity of estrogen for
cervical cancer is likely related to relative amounts of estrogen receptors. In estrogen-sensitive cells, estrogen increases proliferation, inhibits apoptosis, and is itself a carcinogen.
These studies shed additional information on the specificity of
cofactors promoting cancers in HPV-infected cells. Most importantly,
this study shows that the combination of HPV-expressing genes and
high amounts of dietary n-6 fatty acids increases skin cancer.

435

Downloaded from cancerres.aacrjournals.org on September 19, 2018. © 2002 American Association for Cancer
Research.

FAT, HPV, AND SKIN CANCER

REFERENCES
1. Weisburger, J. H. Eat to live, not live to eat. Nutrition, 16: 767–773, 2000.
2. Zock, P. L. Dietary fats and cancer. Curr. Opin. Lipidol., 12: 5–10, 2001.
3. Bartsch, H., Nair, J., and Owen, R. W. Dietary polyunsaturated fatty acids and cancers
of the breast and colorectum: emerging evidence for their role as risk modifiers.
Carcinogenesis (Lond.), 20: 2209 –2218, 1999.
4. Guthrie, N., and Carroll, K. K. Specific versus non-specific effects of dietary fat on
carcinogenesis. Prog. Lipid Res., 38: 261–271, 1999.
5. Newmark, H. L. Squalene, olive oil, and cancer risk. Review and hypothesis. Ann.
N. Y. Acad. Sci., 889: 193–203, 1999.
6. Woutersen, R. A., Appel, M. J., van Garderen-Hoetmer, A., and Wijnands, M. V.
Dietary fat and carcinogenesis. Mutat. Res., 443: 111–127, 1999.
7. Black, H. S. Thornby, J. I., Gerguis, J., and Lenger, W. Influence of dietary -6, -3
fatty acid sources on the initiation and promotion stages of photocarcinogenesis.
Photochem. Photobiol., 56: 195–199, 1992.
8. Lee, M. M., and Lin, S. S. Dietary fat and breast cancer. Annu. Rev. Nutr., 20:
221–248, 2000.
9. WHO. The World Health Report. Geneva: WHO, 1997.
10. Hakim, I. A., Harris, R. B., and Ritenbaugh, C. Fat intake and risk of squamous cell
carcinoma of the skin. Nutr. Cancer, 36: 155–162, 2000.
11. van Dam, R. M., Huang, Z., Giovannucci, E., Rimm, E. B., Hunter, D. J., Colditz,
G. A., Stampfer, M. J., and Willett, W. C. Diet and basal cell carcinoma of the skin
in a prospective cohort of men. Am. J. Clin. Nutr., 71: 35–134, 2000.
12. Jaax, S., Scott, L. W., Wolf, J. E., Jr., Thornby, J. I., and Black, H. S. General
guidelines for a low-fat diet effective in the management and prevention of nonmelanoma skin cancer. Nutr. Cancer, 27: 150 –156, 1997.
13. Black, H. S., Thornby, J. I., Wolf, J. E., Jr., Goldberg, L. H., Herd, J. A., Rosen, T.,
Bruce, S., Tschen, J. A., Scott, L. W., and Jaax, S. Evidence that a low-fat diet reduces
the occurrence of non-melanoma skin cancer. Int. J. Cancer, 62: 165–169, 1995.
14. Black, H. S., Lenger, W. A., Gerguis, J., and Thornby, J. I. Relation of antioxidants
and level of dietary lipid to epidermal lipid peroxidation and ultraviolet carcinogenesis. Cancer Res., 45: 6254 – 6259, 1985.
15. Fischer, M. A., and Black, H. S. Modification of membrane composition, eicosanoid
metabolism, and immunoresponsiveness by dietary -3 and -6 fatty acid sources,
modulators of ultraviolet-carcinogenesis. Photochem. Photobiol., 54: 381–387, 1991.
16. Birt, D. F., Barnett, T., Pour, P. M., and Copenhaver, J. High-fat diet blocks the
inhibition of skin carcinogenesis and reductions in protein kinase C by moderate
energy restriction. Mol. Carcinog., 16: 115–120, 1996.
17. Ramesh, G., and Das, U. N. Effect of free fatty acids on two-stage skin carcinogenesis
in mice. Cancer Lett., 100: 199 –209, 1996.
18. Lo, H. H., Locniskar, M. F., Bechtel, D., and Fischer, S. M. Effects of type and
amount of dietary fat on mouse skin tumor promotion. Nutr. Cancer, 22: 43–56, 1994.
19. Birt, D. F., White, L. T., Choi, B., and Pelling, J. C. Dietary fat effects on the initiation
and promotion of two-stage skin tumorigenesis in the SENCAR mouse. Cancer Res.,
49: 4170 – 4174, 1989.
20. Munger, K., Werness, B. A., Dyson, N., Phelps, W. C., Harlow, E., and Howley,
P. M. Complex formation of human papillomavirus E7 proteins with the retinoblastoma tumor suppressor gene product. EMBO J., 8: 4099 – 4105, 1989.
21. Werness, B. A., Levine, A. J., and Howley, P. M. Association of human papillomavirus types 16 and 18 E6 proteins with p53. Science (Wash. DC), 248: 76 –79, 1990.
22. zur Hausen, H. Immortalization of human cells and their malignant conversion by
high risk human papillomavirus genotypes. Semin. Cancer Biol., 9: 405– 411, 1999.
23. Newfield, L., Bradlow, H. L., Sepkovic, D. W., and Auborn, K. Estrogen metabolism
and the malignant potential of human papillomavirus immortalized keratinocytes.
Exp. Biol. Med., 217: 322–326, 1998.
24. Arbeit, J. M., Howley, P. M., and Hanahan, D. Chronic estrogen-induced cervical and
vaginal squamous carcinogenesis in human papillomavirus type 16 transgenic mice.
Proc. Natl. Acad. Sci. USA, 93: 2930 –2935, 1996.
25. Jablonska, S., and Orth, G. Epidermodysplasia verruciformis. Clin. Dermatol., 3:
83–96, 1985.
26. Tanigaki, T., Kanda, R., Yutsudo, M., and Hakura, A. Epidemiologic aspects of
epidermodysplasia verruciformis (L-L 1922) in Japan. Jpn. J. Cancer Res., 77:
896 –900, 1986.
27. Meyer, T., Arndt, R., Christophers, E., and Stockfleth, E. Frequency and spectrum of
HPV types detected in cutaneous squamous-cell carcinomas depend on the HPV

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

detection system: a comparison of four PCR assays. Dermatology, 201: 204 –211,
2000.
Kiviat, N. B. Papillomaviruses in non-melanoma skin cancer: epidemiological aspects. Semin. Cancer Biol., 9: 397– 403, 1999.
Harwood, C. A., McGregor, J. M., Proby, C. M., and Breuer, J. Human papillomavirus and the development of non-melanoma skin cancer. J. Clin. Pathol., 52:
249 –253, 1999.
de Villiers, E. M., Ruhland, A., and Sekaric, P. Human papillomaviruses in nonmelanoma skin cancer. Semin. Cancer Biol., 9: 413– 422, 1999.
Zhang, P., Nouri, M., Brandsma, J. L., Iftner, T., and Steinberg, B. M. Induction of
E6/E7 expression in cottontail rabbit papillomavirus latency following UV activation.
Virology, 263: 388 –394, 1999.
Arbeit, J. M., Munger, K., Howley, P. M., and Hanahan, D. Progressive squamous
epithelial neoplasia in K14-human papillomavirus type 16 transgenic mice. J. Virol.,
68: 4358 – 4368, 1994.
Connolly, J. M., Gilhooly, E. M., and Rose, D. P. Effects of reduced dietary linoleic
acid intake, alone or combined with an algal source of docosahexaenoic acid, on
MDA-MB-231 breast cancer cell growth and apoptosis in nude mice. Nutr. Cancer,
35: 44 – 49, 1999.
Rose, D. P., and Connolly, J. M. Influence of dietary linoleic acid on experimental
human breast cancer cell metastasis in athymic nude mice. Int. J. Oncol., 13:
1179 –1183, 1998.
Jin, L., Qi, M., Chen, D-Z., Anderson, A., Yang, G-Y., Arbeit, J. M., and Auborn, K. J.
Indole-3-carbinol prevents cervical cancer in human papilloma virus type 16 (HPV16)
transgenic mice. Cancer Res., 59: 3991–3997, 1999.
Elson, D. A., Riley, R. R., Lacey, A., Thordarson, G., Talamantes, F. J., and Arbeit,
J. M. Sensitivity of the cervical transformation zone to estrogen-induced squamous
carcinogenesis. Cancer Res., 60: 1267–1275, 2000.
Marks, F., Furstenberger, G., and Muller-Decker, K. Arachidonic acid metabolism as
a reporter of skin irritancy and target of cancer chemoprevention. Toxicol. Lett.,
96 –97: 111–118, 1998.
Rose, D. P., and Connolly, J. M. Regulation of tumor angiogenesis by dietary fatty
acids and eicosanoids. Nutr. Cancer, 37: 119 –127, 2000.
Fischer, S. M., Lo, H. H., Gordon, G. B., Seibert, K., Kelloff, G., Lubet, R. A., and
Conti, C. J. Chemopreventive activity of celecoxib, a specific cyclooxygenase-2
inhibitor, and indomethacin against ultraviolet light-induced skin carcinogenesis.
Mol. Carcinog., 25: 231–240, 1999.
Harwood, C. A., Surentheran, T., McGregor, J. M., Spink, P. J., Leigh, I. M., Breuer,
J., and Proby, C. M. Human papillomavirus infection and non-melanoma skin cancer
in immunosuppressed and immunocompetent individuals. J. Med. Virol., 61: 289 –
297, 2000.
Leigh, I. M., and Glover, M. T. Skin cancer and warts in immunosuppressed renal
transplant recipients. Recent Results Cancer Res., 139: 69 – 86, 1995.
Cowing, B. E., and Saker, K. E. Polyunsaturated fatty acids and epidermal growth
factor receptor/mitogen-activated protein kinase signaling in mammary cancer. J.
Nutr., 131: 1125–1128, 2001.
Clavel, C. E., Huu, V. P., Durlach, A. P., Birembaut, P. L., Bernard, P. M., and
Derancourt, C. G. Mucosal oncogenic human papillomaviruses and extragenital
Bowen disease. Cancer (Phila.), 86: 282–287, 1999.
McGrae, J. D., Jr., Greer, C. E., and Manos, M. M. Multiple Bowen’s disease of the
fingers associated with human papilloma virus type 16. Int. J. Dermatol., 32: 104 –
107, 1993.
Steinberg, B. M., Auborn, K. J., Brandsma, J. L., and Taichman, L. B. Tissue
site-specific enhancer function of the upstream regulatory region of human papillomavirus type 11 in cultured keratinocytes. J. Virol., 63: 957–960, 1989.
Chen, D., and Auborn, K. Fish oil constituent docosahexaenoic acid selectively
inhibits growth of human papillomavirus immortalized keratinocytes. Carcinogenesis
(Lond.), 20: 249 –254, 1999.
Rose, D. P., and Connolly, J. M. Stimulation of growth of human breast cancer cell
lines in culture by linoleic acid. Biochem. Biophys. Res. Commun., 164: 277–283,
1989.
Rose, D. P., and Connolly, J. M. Effects of fatty acids and inhibitors of eicosanoid
synthesis on the growth of a human breast cancer cell line in culture. Cancer Res., 50:
7139 –7144, 1990.

436

Downloaded from cancerres.aacrjournals.org on September 19, 2018. © 2002 American Association for Cancer
Research.

n-6 Polyunsaturated Fatty Acids Increase Skin but not Cervical
Cancer in Human Papillomavirus 16 Transgenic Mice
Mei Qi, DaZhi Chen, Kai Liu, et al.
Cancer Res 2002;62:433-436.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/62/2/433

Cited articles

This article cites 46 articles, 11 of which you can access for free at:
http://cancerres.aacrjournals.org/content/62/2/433.full#ref-list-1

E-mail alerts

Sign up to receive free email-alerts related to this article or journal.

Reprints and
Subscriptions
Permissions

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/62/2/433.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on September 19, 2018. © 2002 American Association for Cancer
Research.

