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ABSTRACT
Purpose of this study

Recent studies have revealed a possible association with human papillomavirus (HPV) in the pathogenesis of
breast cancer. To inveétigate the etiological role of HPV in breast cancer, we examined the presence, genotype,

viral load, and physical status of HPV in breast carcinomas (BCs) collected from different countries.

Subjects and methods

The present study examined 307 BCs collected from Japan (n=124), Pakistan (n=61), India (n=11), Mexico
(n=63), and Chile (n=48). Cervical carcinoma (CC) samples from Japan and Pakistan were also used for
comparison. HPV presence was examined by PCR using SPF10 primers, and primer sets targeting the £6 region
of HPV-16, -18, and -33. The INNO-LiPA HPV genotyping kit was used to determine genotype. Real-time PCR
analysis was used to examine viral load and physical status of HPV DNA. The p16"™* and P53 expressions

were analyzed by immunohistochemistry assays.

Results
1. HPV detection rate

HPV DNA was detected in 26 (21%), 17 (28%), 4 (36%), 8_(13%), and 5 (10%) BCs from Japan, Pakistan,
India, Mexico and Chile, respectively. The difference of HPV detection rate among these countries was
statistically significant (P=0.048). In CCs, HPV was detected in 72 (85%) Japanese and 77 (94%) Pakistani
cases. The presence of HPV was significantly different between the breast and CC (P < 0.001). The ﬁost
frequently detected HPV genotype was HPV-16 in both sites, and its frequency was 54 (90%) and 125 (84%)
carcinomas of breast and cervix, respectively. The detection rate of HPV-16 in all HPV-positive cases was not

different between breast and CC.




2. Distribution of HPV genotypes

In all HPV-positive cases with BCs, the frequency of low-risk HPV genotype (P=0.021) and HPV multiple
infection (P=0.032) was signiﬁcaritly different among the five countries. Most cases with low-risk HPV
infection were revealed to harbor multiple HPV types (93%), and the highest frequencies of low-risk types and
multiple infections of HPV were observed in Japanese series (46% for both). Multiple infections were also
found in 2 (12%) and 1 (13%) BCs of Pakistan and Mexico, respectively. In CC, multiple infection was more
frequently found when compared to BCs (P < 0.001): 91% in Pakistan and 15% in Japan. The observed
difference between the two countries was statistically significant (P < 0.001).
| 3. HPV detection in normat tissue and breast milk

In 19 normal epithelium specimens adjacent to 19 HPV-16-positive BCs, 10 (53%) were HPV-16-positive.
However, three (5%) of .the normal breast tissue specimens adjacent to HPV-negative BCs were also
HPV-positive. Nipple specimens adjacent to eight I-IPV-lﬁ_-positive Mexican BCs were also examined, and one
nipple specimen was HPV-16-positive. In addition, ten closﬁum and 25 breast milk samples from Japan wers
also examined for HPV presence. One (10%) clostrum specimen was positive for HPV-16 and two (8%) breast
milk samples were positive for HPV. However, only low-risk types of HPV were detected in milk samples.

4. Viral load and physical status '

To clérify the etiological involvement of HPV in carcinogenesis of the breast, further analyses were conducted.
Real-time PCR analysis suggested the presence of integrated-form of viral DNA in all HPV-16-positive BCs
from all countries, and estimated viral load was low with geometric mean of 5.4, 1595, 158, 5.3 and 6402 copies
per 10 cells in carcinomas of Japan, Pakistan, India, Mexico and Chile, respectively. The geometric mean of
HPV-16 viral load was significantly different among these countries (P < 0.001). All HPV-16 positive CCs
were found integrated into the host genome except two cases, which were suspected to have only episormal
HPV-16. The geometric mean of HPV-16 viral load in cervical cancers of Japan and Pakistan was 410,000 and
2,370,000 copies per 10* cells, respectively. The geometric mean of viral load in the CC was higher than BC
and the difference was statistically significant.

5. Immunostainning

The p16™ expression was significantly high in HPV-positive CCs (P = 0.031). Although a similar
assoclation was found in BC, their relationship was not statistically significant. On the other hand, p53
expression tended to decrease in HPV-positive CCs (P = 0.110), while there was no trend in BC. These
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differences of pf and p53 expressions between cervical and BCs were statistically significant (P = 0.013

and P < 0.001, respectively).

Conclusion

In conclusion, the relatively low HPV copy number and infection rate in breast cancer suggest that HPV is
unlikely to play as an essential role in the carcinogenesis of breast cancer as in genital neoplasia. However, since
oncogenic HPVs were consistently detected in BC and most of the detected HPV-16 DNA was considered

integrated into the host genome, HPV infection may play some roles in the carcinogenesis of a subset of BCs.
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Q1. Human papillomavirus (HP'V)-positive breast carcinoma (BC) seems to be more frequent in European
people than Asian people. Is this related to the high incidence of BC in Europe?

Al. There are five studies from Europe on the prevalence of HPV in BCs. The prevalence in Europe varies
from 0 to 74%. Furthermore, in two independent studies, HPV16 was found to be present with 47% of
BC European patients who have had HPV16-associated cervical cancer before. High prevalence of
HPV may be related to high frequericy of BC in Burope but we need the sirong evidence based on
prospective studies.

Q2. Japanese immigrants to Hawaii has higher BC incidence. Is it related to HPV infection? Are there any
data of HPV prevalence among the Japanese immigrants, either in BC or in any other cancers?
A2. Since there is no study in the literature reporting HPV prevalence in BC and other cancers among
Japanese immigrants, we cannot relate the higher BC incidence in Japanese immigrants to Hawaii with
. HPV.

Q3. How does HPV infect to breast epithelial cells, in the same manner at cervix?

A3. As great majority of primary tumors have proved difficult to establish in cultures, there is no evidential
study showing that HPV infection occurs in the same manner between cervical and breast epithelial
cells. Unlike cervical epithelial cells, HPV genotypes detected in BCs probably originate from fuminal,
basal, and possibly, stem cell compartment. Since breast stem cells have beta-6 integrin, one of the
candidates of HPV receptor, HPV may infect the progenitor stem cells and the secretary cells.

Q4. What is the HPV transmission route in BC? ‘

Ad4. The transmission route of HPV in BC is yet unclear. But two independent studies suggested possible
hematogenic and /or lymphatic transfer from one organ to another. On the other hand, de Villiers et al.
(2005) showed HPV presence in the nipple, suggesting HPV transfer in a retrograde fashion from the
nipple via areola, lactiferous ducts, and sinuses.

Q5. Are there any studies of vertical transmission of HPV via breast milk?
AS. There is no study showing the HPV transmission from mother to infant by milk. The reported studies
showed only the presence of HPV in the breast milk.

Q6. What is the major histological type of BC in your study? Do you find any difference in HPV detectiori,
genotype, viral load, and physical status among different histological types?

A6. We studied mainly adenocarcinoma. Thus, it is hard to compare viral factors with pathological types of
BC.

Q7. What do you mean multiple infections? Are there any significant difference in HPV genotype or viral
load between multiple and single infection of HPV?

A7. Multiple infection means coinfection of more than one HPV genotype in cancer tissues. Becker ef al.
(1994) found that multiple HPV infections increase the risk of cervical dysplasia. In addition, multiple
HPV infections may reflect loss of immune response of the host as well as persistent HPV infection.
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The prevalence of the human papillomavirus and its cofactors
in breast carcinomas to evaluate its role in breast carcinogenesis

AAABY B E NI O—Y T 1 VR DHAB LU A VA RIOER
SE0% AGBRIC BT 5 ORENCHET B A

BUAZHOE MEQ—U1 A HPY) BFEERADERYA VA E L TOREER~ELT
WL EPHLNETRY, MOBRONAICEIT2 IPY OBBSEHINTVDS, SEE. LA
MoD UV 7/ APMEHEN S LN WEHH DM, IV OBERNEEICOWTIFHTHE S, &
ZTRAHFEHEL, LIROEESG EMIcB 2 PV OB EZARRERS M T L 2EMELT,
VDDE (B, RFZAF >, 1R, AFTa, FU) DB NELNALDREEEAZBLY. PV
T LADRBEERDYTHA T variant DL, T INABEBEY / ANOEBABOE B %47
Hrliz. EHIZ—HD HPY BEHES] & FaEGIC BT pl6 2 phd REBEE OE VAR L=,

MEE, BE 12480 RFAZ618 A R1IIHL AF2636, 59U 486 (G3074) @
ABATHD, BHEI MOV E L TTFEERAOKREELXREZ, BEAOEFATIIASAEBEDOIEEY,
JREBORMERCRA GENALE) SARCANTWS, BV 7 7 AORKRHIE SPFI0 754 <v—
Z ALy, INNO-LiPA HPV genotyping 3w Mk 0 HPV OB E$|FE L. X517, HPVIG. HPVi8. HPV33
D B R ZFENE LTS —I2 X BB BT T B, HPVIE BHEFAIC DWW T, real-time PCR
BT NAEERL, HPV E2 & B6 OOV —BOLERD D Z EICE 0EES / ANDEBAS
OHEZHRE L. T—MOEFAICDOWTH., REHEEBMEERAEICT pl6 & pbd OELRIEEA
BNz, TOWBE, AR TUTOANERRHESNE L,

1) ABAMEBHR O HPY 7 7 LRHET 10—-36% SHBENH 2500, WTFNoMElzS

WTHHPY BHEFIDIZEAENTR ) A ZBOHPVIE TH -7z,

2) BIRAIBOHN ZF /) ABBIBENEN, FOEEASRE AT EOBEER
ThHolk. T, ERFEROBEERALOERT46% B4 <, HSENED S N-,

3) HWVIEBHETH S 11 Hid T FIOEFEBEPICD OPVI6 7/ LRI N, Fi-. W9
ERBAERANZHER, WINHH | SI0EETEY X 7PV 7 ) AR ENE,

4)  EAPAMBEF O HPY O E—H3ME 10 E B 72 0 OBMEEE 56000 I B — & TEEA
A GIAE-240F3E-) K0bREMIzHELS, BEBOIEsOSEbkEno-, —F,
WENOD HPYI6 BEAICB W THEES ) ANORBIAB R I N, .

5) HPVBHAA T, FEENAEE. 016 OFETUEEDE WERNIRSD S =08, Hst
FHEBERITAM o/, —F. pb3 ORBEEII PV REANAERETH - /-,

AL, HLABAEBRRO IPY OO —BEBES J ANOBABALEND THERALELOT
HV. LBOEPABREBIZBITS PV OESERHNTS L CEERMEEE5 2550 EE2 5,
FLASAMEET D HPY 2 B —HIZFEH DTN DD, TTO VIS BHAITB W TEESY A
ANOHARABBRBDEND ZER, WTHOHIRIZBWTH —EOEETE Y 2278 1PV 25 H
SNBD &, HBPAEBIZBWTIPY M S hDOREZ28EL TWA AR EZREL TV S,
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Q8.What are HPV cofactors?
A8. HPV cofactors are genotypes, multiple/single infections, variants, viral load, and physical status of

HPV,

Q9. Is episomal form of HPV stable?

A9. During the HPV integration, the opening of episomal viral ring molecule takes place and showed the
unstable nature of episomal form. Pett and Coleman (2007) proposed a model that HPV episomal
genome is eliminated by the host innate immunity, leaving HPV-integrated host cells.

Q10. How does HPV integrate into host genome without E2 disruption?
AlOQ. Although E2 disruption mainly occurs, sometimes E1 or L1 disruption takes place. Anyhow, the part
of HPV genome got disrupted during 1ntegrat10n

Q11. Why didn’t you observe a relationship between HPV presence and HER2/Neu overexpression, which
contradicts the result reported by Yasmeen ef ai?

All. We checked the HER2 expression in clinical specimens by immunohistochemistry. In contrast,
Yasmeen et al. used ErbB-2/E6/E7 double transgenic mice and checked the interactive effect of ErbB-2
and high-risk HPV infection in breast carcinogenesis. Because of different study subjects, clinical
specimens with low viral load versus transgenic mice, we could not confirm their results.

QI2. Are there any associations between hormone receptors and HPV genotype?
Al2. In our study, almost all the HPV-positive BC cases were HPV16-positive, and we did not find any
association between hormone receptors and HPV genotype.

Q13. Does HPV have hormone response elements?
Al3. There are hormone response elements in the long control region of the virus. Steroid hormone can
interact with the elements and enhance HPV transcription.

Q14. Are there any relationships between the HPV infection and BC progression?

Al4. Since HPV16 E6/E7 proteins bind to the promoter of Id-1, which regulates cell invasion and
metastasis of human breast cancer cells (Desprez et al., 2004; Fong et al., 2003), the virus may play
important roles in the regulation of Id-1and induction of cell invasion and metastasis. However, we did
not examine Id-1 in this study. Furthermore, Yasmeen et al. reported a significant association of
HPV16 and invasive BC, and showed HPV16 E6/E7 expressing MCF7 and BT20 cells increased cell
invasiveness and metastasis in vitro and in vivo, respectively, in comparison with wild type of cells.

Q15. How do you interpret the low viral load in BCs? ‘

AlS. Qur results showed a frequent integration of HPV16 in the host genome, indicating HPV infection
before cancer development since new HPV infections are characterized to have an episomal form. Low
viral load may be the result of hit and run mechanism.

Q16. Koilocytosis is observed in cervical cancers but not in BCs. How do you explain the difference?

Al6. HPV E6/E7, which act early in transformation, are known to disrupt cytokeratin causing perinuclear
cytoplasmic clearing and nuclear enlargement which leads to the appearance of a koilocytes. We could
not find koilocytosis in Japanese BCs whose viral loads were very low, 5.4 copies/10* cells. Low E6
and E7 expressions may not be enough to induce koilocytes in BCs.

Q17. SPF10 primer sets targeting L1 gene, which may be lost during integration. Are there better target
regions rather than 1.1?
Al7. HPV E6 and E7 genes are best targets along with the consensus primers, and I also used primers

targeting E6.

Q18. When you limited the literature using similar detection methods with yours, do you see any difference
in the HPV detection rate in BCs?

Al8. There are five studies using similar method to ours, and their HPV prevalence ranged from 16 to
74%. We found HPV in 20% of the BCs from five different countries and our result is in the reported
range.
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