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PATIENTS AND METHODS

Tissue for study was obtained from the Anatomical Pathology
Section of the Veterans Affairs Medical Center, Reno, Nev. Thirty
normal colons, 30 single tubulovillous adenomas, and 43 carcinomas
(30 invasive carcinomas and 13 carcinomas in situ) were selected.
Archival paraffin-embedded biopsy specimens of these tissues were
studied. Immunohistochemical techniques were used to screen the
tissue for fue presence of HPV antigen. Specimens testing positive
for the antigen underwent DNA hybridization. Four-micrometer
sections of the tissue were cut and mounted on slides prepared with
poly-L-lysine. Tissues were then deparaffiJÚzed in xylene and rehy-
drated in a series of alcohol washes. Endogenous peroxidase activity
\\'88 blocked with 3% hydrogen peroxide in methanol. After rinsing in
distilled water, the specimens were covered ~th 5% normal goat
serum in phosphate-buffered saline (PBS) and incubated for 20 min-
utes. AIl incubation was carried out at room temperature in a closed
humid chamber. The goat serum \\'88 decanted and rabbit antiboVine
papillomavirus antibody (1:100 111 dilution in lo/c albumin in rES) was
applied and incubated for 18 to 20 hours. The specimens were next
washed in rES, and a biotinylated horse antirabbit IgG (1:100 ¡LL
dilution) was applied and incubated for 60 minutes. Tissue was again
washed in rES; then avidin-biotin complex (Vector Inc, Burlingame,
CaJif) was applied to the sections and incubated for 60 minutes.
Following washes in rES, tissues were stained ~th 3,3, diaminoben-
zidine tetrahydrochloride for 10 minutes and counterstained in hema-
toxylin for 1 to 3 minutes. Tissues were dehydrated \\;th increasing
concentrations of ethanol, cleared with xylene, and mounted. Resul-
tant slides were interpreted blindly by a pathologist and graded
simply as positive or negative.

Specimens that reacted positive by immunohistochemistry were
subjected to in situ DNA hybridization. Four-micrometer sections of
tissue were deparaffiJÚzed \\;th xylene and rehydrated using a series
of alcohol washes. Tissues were then subjected to protease digestion
using a commercially prepared digestive reagent (Life Technologies,
Gaithersburg, Md) for 20 minutes at 37.C, and then washed with
buffered saline solutions prior to DNA hybridization. Specimens
were reacted \\;th pooled DNA probes to HPV \'irot)'pes 6,11,16, 18,
31, 33, and 35 (L~Tech) at 100.C for 5 minutes, then hybridization
was allowed to occur at 37.C for 2 hours. Specimens were again
washed in buffered saline solutions (Life Tech) for 3 minutes and
counterstained. Tissues were then dehydrated in a series of increas-
ing concentrations of alcohol, washed in xylene, and mounted on
slides for photomicrography.

.Human paplllomavirus has been shown to be assoclated
with squamous carcinomas. We evaluated benign and malignant
colon tissues 10r the presence 01 human papillomavirus in1ection
to determine 11 a similar relationship exlsts between human papil-
lomavirus and colon neoplasms. Colon tissues were screened
using an immunohistochemical technique to detect human papil-
lomavlrus antigen. In situ DNA hybridization was then performed
on those tissues that yielded positive results by immunohisto-
chemistry. Groups were compared using x' analysls. Human
papillomavlrus antigen was present in 23% 01 normal colon spec-
imens, 60% 01 benign tumors, and 97% 01 carcinomas. Human
papilloma viral geno me was demonstrated in 27% 01 benign
tumors and In nearly 43% 01 all carcinomas tested. These data
indlcatethat human papillomavirus In1ects the columnar mucosa
01 the colon, and that an association exists between human
paplllomavirus and colon neoplasia.

(Arch Surg.1990;125:862-865)

T he incidence of adenocarcinoma of the colon and rectum
has remained unchanged for the last 40 years. Despite

perioperative improvements in nutrition, antibiotics, and an-
esthesia, the mortality associated with colon carcinoma con-
tinues to be significant; approximately hall of the 150 000
newly diagnosed patients with colorectal cancer this year wiIl
die of their disease. The causes of this neoplasm remain
unknown. Despite associations of viral infections with other
neoplasms for over three quarters of a century, a viral caus-
ative agent for colon cancer has not been proposed. Squamous
ceIl carcinomas of the urogenital region and aerodigestive
tract have previously been associated with human papilloma-
virus (HPV) infection and these relationships have proven
clinicaIly useful in both the diagnosis and monitoring ofthese
diseases. Demonstration of a similar relationship in colon
cancer may have the same effect on this disease.

We have recently demonstrated an association between
HPV antigen and both benign and malignant neoplasms ofthe
colon.'" These studies, however, only demonstrated virus-
related proteins and not the viral genome. In situ DNA
hybridization is a quick and reproducible test for those viral
genomes and thus is specific for vira! infections.

We chose to screen colon tissues, including normal mucosa,
benign tumors, and cancers for HPV infection using an im-
munohistochemical technique to detect HPV antigen. In situ
DNA hybridization was then utilized to demonstrate HPV
genome in those colonic tissues that tested positive for viral

antigen.

RESULTS

Human papillomavirus antigen was demonstrated in 97% oí
the carcinomas (Fig 1). The antigen was seen in 60% oí the
benign tumors (Fig 2) and 23% oí the normal specimens (Fig
3). Despite small numbers (n = 103), the null hypothesis that
these subpopulations were homogenous in their incidence oí
vira! antigen was able to be rejected at P<.OO5 by Xl analysis.
The viral genome was demonstrated in roughly one third oí
the carcinoma specimens tested (Fig 4), and two thirds oí
carcinomas in situ reacted positive íor the virus. A smaller
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Fig 1. -Left, Photomicrograph 01 human colon carcinoma demonstrating human papillomavirus antigen by an immunohis-
tochemical technique. The diaminobenzidine tetrahydrochloride stains brown in the presence 01 antigen-antibody complex
(hematoxylin, original magnification x 100). Right, Photomicrograph of human colon carcinoma that tested negative for
human papillomavirus antigen. Reaction in the interstitium is due to nonspecific peroxidase within plasma cells (original
magnification x 100).

Fig 2.-Left, Photomicrograph demonstrating human papillomavirus antigen in a benign tubulovillous adenoma (original
magnification x 100). Right, Photomicrograph of ahuman tubulovillous adenoma testing negative for human papilloma-
virus antigen (original magnification x 100).

I '~::;~

'<

;~:

~

# ;

.~

Fig 3.-Photomicrograph of normal human colon mucosa demon-
strating human papillomavirus antigen (original magnification x 100).
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*HPV indicates human papillomavirus.
tP<.OO1 by X' compared wilh normal mucosa.

fraction ofthe benign tumors and none ofthe normal mucosa
samples tested positive for the viral genome (Table).

COMMENT

The carcinogenic potential of the papilloma..irus has been
previously demonstrated,S and progression from a benign
laryngeal papilloma to carcinoma has been described.4 The
mechanism by which oncogenesis occurs is not known, but
retroviruses and DNA viruses are known to actívate proto-
oncogenes.6 This is probably a multistep process with di-
etary6.1 and genetic interactions.s,e Evidence is accumulating
that supports a causal role for HPV in benign and malignant
lesions ofthe urogenital tract and the head and neck regían.
Carcinoma ofthe cervix,lo-1S aerodigestive tract,I4-11Iung,lS and
esophagusle,~ have all been shown to have an association with
HPV. Identification of this viral association has allowed for
changes in diagnostic and therapeutic approaches to these
diseases.

Proto-oncogene abnormalities have algo been identified in
colon neoplasia, including the c-RAS and c-.~YC oncogenes.21
Products ofthe c-MYC oncogene have been demonstrated by
immunoperoxidase-staining techniques in benign colonic pol-
yps and carcinomas of the colon. Hybridization techniques
have demonstrated the c-MYC oncogene in as many as 20% of
colon cancers.22 Human papillomavirus is belie\'e4 to incorpo-
rate into the host genome near the c-.~YC oncogene, at least
in carcinomas ofthe uterine cervix.2S Evidence that oncogenes
are active in colon neoplasia adds strength to the argument of
multistage carcinogenesis and is consistent \\'Íth the well-
acknowledged progression from mucosa to adenomatous
change to malignant degeneration (the polyp-cancer
sequence).

We have previously demonstrated HPV antigen to be asso-
ciated with colonic neoplasia. This association led us to inves-
tigate whether the virus was actually present in colon tumors
or whether Borne other tumor antigen might have cross-
reacted with the polyclonal antibody used in the immunohis-
tochemical procedure. Hybridization of DNA remains the
standard technique for the demonstration and thus identifica-
tion of viral infections, but conventional extraction DNA
hybridization is cumbersome and time consuming. In situ
DNA hybridization has recently been described for detection
of viral genome,24 and was chosen for this study based on its
previous success in similar situations. It has been shown to be
a clinically useful technique in detecting HPV genome in

laryngeal papilloma tissue25 and cytomegalovirus in colon tis-
sue ofimmunosuppressed individuals.~

The immunohistochemical demonstration of viral capsid
protein in one of four normal mucosal specimens suggests a
widespread prevalence ofthe virus. Extrapolated to the esti-
mated US population of 250 million, a 23% prevalence would
imply that nearly 60 million American colons harbor the virus.
Our tissue samples were from a geriatric population, and we
have no data on how or \\'hen viral infestation occurs, but such
a large number is consistent with the emerging knowledge of
this virus.

The detection ofHPV genome in nearly half ofthe cancers
tested clearly demonstrates the presence ofthe virus in these
carcinomas. This validates the immunohistochemical data
that detected viral capsid antigen in these lesions, and coIlab-
orates previous reports that identified the viral antigen in
colon polyps. It is not clear why aIl of those tissues that
displayed the viral capsid protein did not alBo demonstrate the
viral genome; either the HPV associated with those tumors is
one of the other 53 known virotypes not represented in our
pooled probes or the virus is present in such low concentration
that it is undetectable by in situ hybridization.

We have demonstrated the presence of HPV in the colum-
Dar mucosa of the colon. Further, we have described an
increasing association of the virus with progressive degrees
ofmalignant degeneration ofthat mucosa. The potential ther-
apeutic and diagnostic implications ofthis association remain
to be established, but we believe that this association v.ith
HPV wiIl have an impact on future understanding ofboth the
development of colon carcinoma and its diagnostic and thera-
peutic interventions.
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Discu

MARVIN M. ROMSDAHL, MD, PhD, Houston, Tex: Dr Kirgan and
bis associares have examined benign and malignant colonic tissue for
HPV and have provided evidence that probably should be inrerprered
as preliminary in regard to an association between HPV and colon
cancer. Clearly the issue oí colon cancer causation by HPV is neither
made nor implied.

Human papillomavirus has previously been rather strictly associ-
ared with squamous epithelium, either in the oral pharynx or the
anorectal regions. Demonstration oí HPV in glandular epithelium
would be a new observation. Ifindeed this should prove to be the case,
and particularly ü associated with glandular-type carcinoma, a majar
scientific finding would be at bando A confirmed association to colon
cancer, even "ithout reíerence to causation, would be extremely
important.

Thia type oí study will receive extreme scrutiny in regard to
rechnology employed and its inrerpretations because of the inconsis-
rency oí these findings "ith generalIy accepted concepts oí colon
carcinogenesis.

The authors have previously shown virus-associared proteins in
colonic tissues, including benign and malignant neoplasms, by histo-
chemical rechniques. They then proceeded to employ DN A hybridiza-
tion to derect whether the virus was contained in the nucleus oí the
different colon tissues. WhiIe the immunohistochemical evidence is
reasonably evident, a more exact and specific test íor HPV concerns
the DNA hybridization, which they indeed have done. Now, in regard
.to DNA hybridization, 1 would like to point out that there are several
rechniques to show .this particular phenomenon.

The first rechnique and the oldest is the in situ labeling, usingtissue
sections, such as they have done. A second rechnique that has been
developed is rermed the "dot blot" technique. For this rest, homoge-
llares oí the tissue that you wish to examine, such as rectal mucosa,
colon cancer, or polyps are alIowed to react with your indicator DN A,
which would, oí course, come írom any oí the virus subtypes. This,
then, can be tesred either immunochemically or by radioimmuno-
assay.

The final t~'Pe oí rest íor DNA hybridization concerns what is
known as the "southern blot" technique. This is a rest in which a
homogenare afilie rest tissue is submitted.to gel electrophoresis and
then radioirnmunoassay is used to detect whether indeed there has
been hybridization between the papillomavirus and the DNA con-
tained in the colonic tissues. Oí these different rechniques, the south-
ern blot rechnique is the uItimare standard and should be employed by
the authors to document their findings at this time.

The authors did test seven different HPV viral types, but under
low stringency. It would be worthwhile.to rest these same viral t~'Pes
under high stringency. Perhaps in their closing remarks they \\iIl
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ssion

discuss stringency for this audience and possible advantages that
high stringency might have in adding credibility to their scientific
observations.

The observations that Dr Kirgan and his associates have made may
have significant implications in colon cancer, should an undisputed
association with HPV be forthcoming. However, this is a revolution-
ary concept and I believe that use of the highest scientific technology
has to be employed to support their findings.

Finally, it is a pleasure to see general surgeons and surgical train-
ees familiarizing themselves with and engaging in basic research of
conditions we regularly encounter, such as colon cancer.

DAVIDL. BOUWMAN, MD, Detroit, Mich: Do you have any cases in
which, in a single individual, assays were ron on normal colonic
mucosa as well as the villous adenoma, tubular adenoma, or
carcinoma?

GEORGE B. MARKLE IV, MD, Carlsbad, NM: I have long been
impressed with the simiJarities between colon cancer and carcinoma
of the cervix: dysplasia first, then going into carcinoma in situ, and
finally frank carcinoma. So there's a similarity here. Where does this

-virus come from ifwe are dealing with a papillomavirus? In gynecolo-
gy we know where it comes from and we can do something about it.
Are there any ideas as to how this virus gets into the gut?

DR MCGREGOR: We have many ofthe same concems expressed by
Dr Romsdahl and other reviewers. 'lb be sure, gene amplification and
southemblot techniques are the state of the art, even though those
filtration techniques would not have allowed the simultaneous identi-
fication and localization as did the in situ hybridization.

Dr Bouwman, we had no cases in which all three were involved.
Second, all ofthe "normal" mucosa d.escribed was taken from patients
with nonmalignant diseases. Dr Markle, we have speculated about
the origin of this virus and have completed a distribution study of
tubulovillous adenomas with the theory that if there were a gradient
from rectum to cecum, a retrograde transmission from the perineum
would be suggested, but ifthe distribution were homogenous, then a
viremic presentation would be more likely. The result of that study
was that viral distribution was uniform throughout the colon.

But at the basis of all the skepticism, especially among surgeons is
t.his: Do we believe all this fancy biochemistry? The validation of any
such observation is that it allows us to predict future observations.
One ofthose predictions surelywould be thatifitis there, we ought to
be able to seeit. Indeed, we have recently been able to demonstrate:
(1) central clearing of chromatin, (2) openings in the nuclear envelope
characteristic of a lytic virus, and (3) 45 to 55 nm viral particles (the
size ofHPV) all within the nucleus of a cell of a human colon adenocar-
cinoma. We believe that this is a real phenomenon and is worthy of
further study.




