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Fanconi anemia is a recessively inherited disease that is characterized by congenital
abnormalities, bone marrow failure, and a predisposition to develop cancer, par-
ticularly squamous cell carcinomas (SCCs) in the head and neck and anogenital
regions. Previous studies of Fanconi anemia SCCs, mainly from US patients,
revealed the presence of high-risk human papillomavirus (HPV) DNA in 21 (84%) of
25 tumors analyzed. We examined a panel of 21 SCCs mainly from European Fanconi
anemia patients (n = 19 FA patients; 16 head and neck squamous cell carcinomas
[HNSCCs], 2 esophageal SCCs, and 3 anogenital SCCs) for their clinical and molecu-
lar characteristics, including patterns of allelic loss, TP53 mutations, and the pres-
ence of HPV DNA by GP5+/6+ polymerase chain reaction. HPV DNA was detected
in only two (10%) of 21 tumors (both anogenital SCCs) but in none of the 16
HNSCCs. Of the 18 tumors analyzed, 10 contained a TP53 mutation. The patterns of
allelic loss were comparable to those generally found in sporadic SCCs. Our data
show that HPV does not play a major role in squamous cell carcinogenesis in this
cohort of Fanconi anemia patients and that the Fanconi anemia SCCs are geneti-

cally similar to sporadic SCCs despite having a different etiology.
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Fanconi anemia is a recessively inherited
disease that is characterized by congenital
abnormalities, aplastic anemia, and a predis-
position for the development of cancer. The
disease is caused by defects in the Fanconi
anemia—BRCA pathway, a response network
involved in DNA damage repair (1). Cells
from Fanconi anemia patients are hypersen-
sitive to DNA cross-linking agents, such as
cisplatin and mitomycin C, and display
chromosome instability (2,3). The major life-
threatening  symptoms of Fanconi
anemia—aplastic anemia and the develop-
ment of acute myeloid leukemia—
can be managed by treatments that include
bone marrow transplantation. However,
Fanconi anemia patients also have a 500- to
1000-fold increased risk of developing
squamous cell carcinoma (SCC) (4), particu-
larly squamous cell carcinoma of the mucosal
linings of the head and neck region (HNSCC),
which is now rapidly becoming a major cause
of mortality in these patients. Bone marrow
transplantation and graft vs host disease
further increase the risk of developing SCC

in Fanconi anemia patients (5).
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The reason for the extremely high fre-
quency of SCC in Fanconi anemia patients
is unclear. In the general population, the
most common risk factors for the develop-
ment of SCC, particularly HNSCC, are
tobacco smoking and alcohol consumption.
However, in recent years, it has become
clear that infection with high-risk human
papillomaviruses (HPVs), which are known
to cause cervical cancer, is also associated
with a proportion of HNSCCs. For exam-
ple, in the Netherlands, HPV is involved
in approximately 10% of sporadic SCCs in
the oral cavity and oropharynx (6). HPV
involvement is usually assessed by a poly-
merase chain reaction (PCR) assay to detect
the viral DNA in the tumor. However,
because this method can lead to false-positive
results, measurement of the actual transcrip-
tional activity of the viral oncogenes by
reverse transcription—polymerase chain
reaction (RT-PCR) is currently considered
the most reliable test for HPV involve-
ment in HNSCC. However, RT-PCR can
only be used to amplify RNA of frozen
specimens, whereas in many studies,

only formalin-fixed paraffin-embedded
specimens are available. As an alternative,
surrogate markers that can be analyzed on
formalin-fixed paraffin-embedded speci-
mens could be used, in addition to HPV
DNA PCR, to detect HPV infection more
reliably. For example, the genetic profiles
of HNSCCs with transcriptionally active
HPV differ from those of HNSCC
without HPV and could be used to confirm
HPV infection in a tumor (6). Absence of
mutations in the 7P53 gene could also be
used as a surrogate marker for HPV
infection: Because the HPV E6 oncopro-
tein inactivates p53, mutations in the
TP53 gene are usually not observed in
HPV-infected tumors, but are found in
50% of HNSCCs without HPV (6,7).
Overexpression of CDKN2A, the gene that
encodes pl6™ has also been used as a
surrogate marker for HPV infection. In
particular, p16™* immunostaining followed
by HPV DNA PCR on the p16"-positive
cases has been shown to be a highly sensi-
tive and specific assay system to assess the
presence of transcriptionally active HPV in
tumors, including formalin-fixed paraffin-
embedded specimens (8).

Affiliations of authors: Department of
Otolaryngology/Head and Neck Surgery, Section
Tumor Biology (HJTvZ, TW, CRL, RHB), De-
partment of Pathology (PJFS, EB), Department of
Clinical Genetics (HJ), VU University Medical
Center, Amsterdam, the Netherlands; Department
of Hematology, Saint Louis Hospital, Paris, France
(EG, J. Soulier); Department of Genetics and
Microbiology, Autonomous University of Bar-
celona and Centro de Investigacion Biomédica en
Red de Enfermedades Raras, ISCIIl, Bellaterra,
Spain (J. Surralles, MC); Department of Pathology,
University Medical Center, Groningen, the
Netherlands (JEvdW); Department of Otorhinola-
ryngology/Head-Neck Surgery, University Hos-
pital, Lund, Sweden (JW); Department of
Otolaryngology/Head-Neck Surgery, Johns
Hopkins Medical Institute, Baltimore, MD (JC);
Children’s Clinic, Heinrich-Heine University,
Disseldorf, Germany (EV); Fanconi-Anamie
Hilfe e.V., Unna-Siddinghausen, Germany (RD);
Department of Pediatrics, Charité-CVK, University
of Medicine, Berlin, Germany (WE).

Correspondence to: Ruud H. Brakenhoff, PhD,
Department of Otolaryngology/Head-Neck Sur-
gery, Section Tumor Biology, VU University Med-
ical Center, PO Box 7057, 1007 MB Amsterdam,
the Netherlands (e-mail: rh.brakenhoff@vumec.nl).

See “Funding” and “Notes”

“References.”
DOI: 10.1093/jnci/djn366

© The Author 2008. Published by Oxford University
Press. All rights reserved. For Permissions, please
e-mail: journals.permissions @oxfordjournals.org.

following

JNCI | Brief Communications 1649

ZT0Z ‘2T Yoke |\l UO AleiqiT YieaH JO SeInliisu| feuoieN e /BIo's[euinolpuioxo’ nuly:dny wouy papeojumoq


http://jnci.oxfordjournals.org/

CONTEXT AND CAVEATS

Prior knowledge

Fanconi anemia is a rare recessively inher-
ited disease that is characterized by congeni-
tal abnormalities, bone marrow failure, and
a predisposition to develop cancer, particu-
larly squamous cell carcinomas (SCCs) in
the head and neck (HNSCCs) and anogenital
regions. In previous studies of mostly US
Fanconi anemia patients, high-risk human
papillomavirus (HPV) DNA was detected in
the majority of the SCCs analyzed.

Study design

An examination of the clinical and molecu-
lar characteristics of 21 SCCs (16 HNSCCs,
2 esophageal SCCs, and 3 anogenital SCCs)
from 19 mostly European Fanconi anemia
patients, including the presence of HPV
DNA, allelic loss patterns, and TP53
mutations.

Contribution

HPV DNA was detected in only two of 21
tumors (both anogenital SCCs) but in none
of the 16 HNSCCs. Ten of 18 SCCs analyzed
contained a TP53 mutation. The patterns of
allelic loss for the Fanconi anemia SCCs
were similar to those found in sporadic
SCCs, despite the differing etiologies of
these tumors.

Implications

The role of HPV infection in squamous cell
carcinogenesis may differ among cohorts
of Fanconi anemia patients.

Limitations
The number of tumor samples analyzed
was small.

From the Editors

Kutler et al. (9) reported that 21 (84%)
of 25 SCCs from US Fanconi anemia
patients had detectable levels of HPV
DNA. However, in a pilot study, we failed
to detect HPV DNA in four Fanconi ane-
mia SCC cell lines or the corresponding
primary tumors from which they were
derived (10,11). Here, we examined the
clinical and molecular characteristics of
SCCs from a larger cohort of mostly
European Fanconi anemia patients.

Via a network of mostly European head
and neck surgeons and Fanconi anemia
patient support groups, we obtained clinical
information and resected specimens of 21
SCCs from 19 Fanconi anemia patients.
Tumors were staged according to Inter-
national Union Against Cancer guidelines
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(12). This study was approved by the Insti-
tutional Review Board of the Vrije Univer-
siteit Medical Center and carried out
according to Dutch guidelines for the
analysis of human samples. Relevant clinical
data are listed in Supplementary Table 1
(available online). Of the 21 specimens that
we received, 19 were formalin fixed and
paraffin embedded and 2 were frozen. In
one case, we received only a few sections of
formalin-fixed paraffin-embedded tumor
tssue. In all cases except the latter, 5-pm thick
sections were stained with hematoxylin—
eosin and evaluated by an experienced pathol-
(E. Bloemena) for histological
examination and to delineate areas of neo-

ogist

plastic and normal tissue for microdissec-
tion, as previously described (13). Before we
cut sections of each specimen, we cleaned
the microtome and changed the knife to
avoid cross contamination between samples.
DNA was isolated from microdissected nor-
mal and tumor tissue using proteinase K
treatment, phenol—chloroform extraction,
and ethanol precipitation and used for
genetic analysis and HPV DNA detection.
The allelic loss profiles were determined
using 23 microsatellite markers at chromo-
somes 3p, 8p, 9p, 13q, 17q, and 18q, as
previously described (10). Immunostaining
for p53 and 7P53 mutation analysis was
performed as previously described (14,15).
For TP53 mutation analysis, we analyzed
exons 5-9 because the large majority of
mutations occur there. For p16 immunohis-
tochemistry, we used a CINtec pl6™<# his-
tology kit (DakoCytomation BV, Heverlee,
Belgium). Both positive and negative con-
trol specimens were included in every immu-
nostaining run. Immunostaining was
evaluated by the study pathologist (E.
Bloemena). Immunostaining in more than
50% of the tumor cells was considered posi-
tive (8). HPV DNA detection was per-
formed by using a GP5+/6+ PCR enzyme
immunoassay that included an oligoprobe
cocktail for 14 high-risk HPV types (HPV16,
18,31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
and 68), as previously described (16).
Samples were considered HPV DNA posi-
tive in the GP5+/6+ PCR enzyme assay
when the optical density value was at least
three times the value of the blanks without
DNA template measured in triplicate. PCR
amplification of the B-globin (HBB) gene

was carried out in a separate assay to control
for the integrity of the template DNA.

Negative controls (solvent instead of DNA)
and positive controls (serial dilution of DNA
isolated from SiHa, a cervical carcinoma cell
line that contains 1-2 copies of HPV16
DNA) were run in parallel in each assay.
GP5+/6+ PCR enzyme immunoassay—
positive cases were subsequently typed for
HPV by reverse line blot genotyping and
subjected to viral load analysis, as previously
described (16).

Our panel of tumors consisted of 16
HNSCCs, 2 esophageal SCCs, and 3 ano-
genital SCCs. Of the 19 Fanconi anemia
patients in this study, 10 had received a
bone marrow transplant; these patients
were approximately 6 years younger at
SCC diagnosis than those who had not
received a bone marrow transplant (median
age at SCC diagnosis, bone marrow
transplant vs no bone marrow transplant:
24.9 vs 30.7 years, log-rank P = .009;
Supplementary Figure 1, available online).
All 21 SCCs were tested for the presence
of HPV DNA by GP5+/6+ PCR, and only
two—both  anogenital ~SCCs—were
positive; one HPV DNA-positive tumor
had HPV16 (237 copies per cell) and the
other had HPV33 (22 copies per cell). In
parallel, we subjected 18 SCCs with
sufficient material for analysis to p16 and
p53 immunostaining and 7P53 mutation
analysis. Of the 18 SCCs tested, five were
positive for pl6 immunostaining, includ-
ing the two that were HPV DNA positive,
and eight were positive for p53 immunos-
taining. The two HPV DNA-positive
SCCs were negative for p53 immunostain-
ing. TP53 mutations were detected in 10 of
18 SCCs. As expected, both of the HPV
DNA-positive SCCs had wild-type TP53
(Table 1 and Supplementary Table 2,
available online).

As an additional surrogate marker for
HPV infection and to compare the genetic
profiles of SCCs in Fanconi anemia patients
with those of sporadic tumors in the gen-
eral population, we further analyzed allelic
loss profiles using microsatellite markers
located at chromosome arms that fre-
quently display allelic losses in HPV
DNA-negative sporadic HNSCCs (ie,
chromosome arms 3p, 8p, 9p, 13q, 17q,
and 18q) (15,17). We were also able to
assess allelic loss patterns for three SCCs
from patients who had received a bone
marrow transplant (Fa3, Fa8, and Fal7).
SCCs from the other seven patients who
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Table 1. Human papillomavirus (HPV) DNA status, p16 and p53 immunohistochemistry (IHC), and TP53 mutation status of Fanconi
anemia squamous cell carcinomas by anatomical region

No. HPV DNA-positive/ No. p16 IHC-positive/ No. p53 IHC-positive/ No. with TP53
Anatomical region n No. tested No. tested No. tested mutation/No. tested
Head and neck 16 0/16 2/13 6/13 8/13
Esophagus 2 0/2 0/2 1/2 1/2
Anogenital 3 2/3 3/3 1/3 1/3
Total 21 2/21 5/18 8/18 10/18

had undergone bone marrow transplanta-
tion could not be analyzed due to the pres-
ence of donor-derived tumor-infiltrating
lymphocytes that caused mixed allelic loss
patterns (Supplementary Figure 2, avail-
able online). All of the HPV DNA-negative
SCCs except one (Fal8) showed many
allelic losses (more than 50% of the infor-
mative markers; Figure 1), which is a pat-
tern that is typical for HPV DNA-negative
sporadic SCC. By contrast, the two HPV
DNA-positive tumors—Fa5 and Fal3—
showed fewer allelic losses (fewer than

CC sample
Xs
M

arker

Fait Falg Fa3

20% of the informative markers in each),
which is characteristic of sporadic HPV-
infected tumors in the general population
(6,7). The HPV DNA-negative SCC Fal8
also showed relatively few allelic losses,
which might suggest that the HPV DNA
PCR result for this sample was a false nega-
tive. However, the negative HPV DNA
status of SCC Fal8 was confirmed by its
lack of p16 immunostaining (Supplementary
Table 2, available online). Such genetically
normal tumors also occur in sporadic SCC

(18). Hence, all immunostaining and
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genetic data support our conclusion that
the large majority of SCCs in this panel of
Fanconi anemia patients were not induced
by HPV.

Several lines of evidence suggest that
donor stem cells in patients who received
bone marrow or stem cell transplants as
part of the treatment for leukemia or
other clinical indications might differenti-
ate and become part of the squamous tis-
sues of the transplanted patient (19).
There has also been an indication that
such donor cells could develop into skin
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Figure 1. Patterns of allelic loss in Fanconi ane-
mia squamous cell carcinomas. All tumors that
could be analyzed for allelic imbalances are
depicted, including tumors from patients who
underwent bone marrow transplantation that
could be microdissected without contamina-
tion by donor cells (Fa3, Fa8, and Fa17). Also
indicated are TP53 mutations, presence of HPV
DNA, bone marrow transplantation status, and

jnci.oxfordjournals.org

allelic loss frequency (%: number of markers
with allelic loss divided by the total number of
informative markers). Black boxes indicate
allelic loss (a change in the microsatellite allele
ratios of more than 50% in the tumor DNA com-
pared with genetically normal DNA isolated
from the stroma), gray boxes indicate no allelic
loss, and boxes with diagonal lines indicate
microsatellite instability. Presence and absence

of a TP53 mutation or HPV DNA in the tumor
genome or of receipt of bone marrow trans-
plantation are indicated with + and —, respec-
tively. The specific TP53 mutations are listed in
Supplementary Table 2 (available online). XS =
chromosome; SCC = squamous cell carcinoma;
NI = not informative; NE = not evaluable; ND =
not determined; HPV = human papillomavirus;
BMT = bone marrow transplant.
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cancer in transplanted patients (20). We
therefore used DNA fingerprinting to
examine whether SCCs that had devel-
oped in the Fanconi anemia patients who
had undergone bone marrow transplanta-
tion were derived from the donor’s or the
patient’s cells. Each of the seven tumors
that could be analyzed (Fa3, Fa8, Falo,
Falé6, Fal7, Fal9, and Fa2l) was clearly
derived from patient’s cells (an example of
this analysis is shown in Supplementary
Table 2, available online).

The most prominent finding in this
study is that HPV DNA was detected in
only two (10%) of 21 Fanconi anemia
SCCs. This finding was based on HPV
DNA detection and supported by assess-
ment of surrogate markers of HPV infec-
tion, such as pl6 immunostaining, p53
immunostaining, 7P53 mutation analysis,
and allelic loss profiling of the tumors
(6,7). This observation is in distinct con-
trast to a previous report, in which 21
(84%) of 25 Fanconi anemia SSCs were
positive for HPV DNA (9). Further com-
parison of the data from this study and the
previous report (9) revealed similar pro-
portions of HPV DNA-positive anogeni-
tal SCCs (two of three anogenital SCCs in
this study were HPV DNA positive vs six
of seven in the previous study) (9).
However, there was a clear and statistically
significant difference between these stud-
ies in the proportion of HPV DNA-
positive HNSCCs: 0 (0%) of 16 in our
series vs 15 (83%) of 18 in the previous
series (P < .001) (9). How can we explain
this striking difference? Similar methods
for HPV DNA detection were used in the
two studies. It is noteworthy that some of
the laser-dissected specimens in the previ-
ous report had a relatively low viral load
(range = 0.16-249.3 copies per cell) (9),
suggesting that in at least some cases, the
HPYV infections might not have been clini-
cally relevant. Results of a previous study
in microdissected HNSCCs suggested that
viral loads of at least 0.5-1 HPV genome
per cell should be expected to represent a
biologically relevant infection of transcrip-
tionally active HPV (8). However, it is
unlikely that the difference in HPV preva-
lence between our series and the previous
series can be explained completely by a few
cases with low viral load in the earlier
study (9). The high HPV prevalence in the
earlier report was supported by the absence
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of TP53 mutations in the Fanconi anemia
SCCs (9). It is therefore likely that the dif-
ference between the two studies may also
be explained, at least in part, by geographic
differences in the prevalence of HPV
infection (21). For example, in a case—
control study in Baltimore, D’Souza et al.
(22) reported that 72% of a cohort of spo-
radic oropharyngeal tumors were HPV
infected; by contrast, only 16% of oropha-
ryngeal SCCs from patients in the
Amsterdam region were HPV infected, a
puzzling observation (6). The previously
reported series (9) included tumors that
were mainly from US Fanconi anemia
patients, whereas most of the SCCs in our
series (89%) were from European Fanconi
anemia patients.

Our observation that HPV does not
seem to play a role in head and neck SCCs
in Fanconi anemia patients, at least in
Europe, might have important clinical con-
sequences. Vaccination against some HPV
subtypes has been shown to prevent HPV-
associated anogenital diseases (23). Our
data indicate that HPV vaccination of
Fanconi anemia patients might prevent
only a proportion of anogenital SCCs, and
no HNSCCs, at least among European
patients. Frequent surveillance of the
mucosal linings, particularly in the head
and neck region, therefore remains indi-
cated for Fanconi anemia patients in all
countries. Dutch pediatric oncology guide-
lines recommend that all Fanconi anemia
patients undergo inspection of the head
and neck region every 3 months beginning
at 10 years of age, as well as a yearly ano-
genital inspection for female patients
beginning at the age of menarche. Screening
and monitoring of precancerous lesions
remain the most important approach to
detect SCCs at the earliest possible stage
regardless of HPV vaccination, particularly
because the treatment options for SCCs in
Fanconi anemia patients are limited.

The patterns of allelic loss we found
suggest that the chromosomes involved in
Fanconi anemia SCCs are similar to those
involved in sporadic SCCs. Although the
etiology of Fanconi anemia HNSCCs (a
DNA repair deficiency causing genetic
alterations) differs from that of most spo-
radic SCCs (tobacco smoking and alcohol
consumption), the same cancer genes and
chromosomal locations seem to be tar-

geted in both types of SCCs. Our finding

that SCCs of Fanconi anemia patients and
SCCs in the general patient population
have identical patterns of allelic loss might
be exploited for the early diagnosis of
cancer and precancerous lesions in
Fanconi anemia patients. Analysis of the
allelic loss pattern of biopsy specimens
facilitates accurate diagnosis and assess-
ment of the risk of malignant transforma-
tion of visible oral lesions in the general
population, and the same approach could
be followed for Fanconi anemia patients
to improve the clinical management of
such lesions (24). Unfortunately, most
preneoplastic changes in the oral mucosa
are not visible by eye, which limits early
detection of mucosal regions that are at
increased risk of malignant transforma-
tion. Noninvasive genetic screening to
detect these mucosal regions might there-
fore be of value to improve the early
detection of cancer and precancerous
lesions in Fanconi anemia patients (25).

A limitation of this work is our small
sample size of 21 tumors from only 19
patients. A larger cohort of samples might
substantiate the data. However, Fanconi
anemia is a relatively rare disease, and it
takes a major effort to collect samples and
clinical information for these patients. In
future studies, it will be important to
exchange samples between studies to for-
mally and definitively rule out that minor
differences in methodologies might influ-
ence the findings.
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