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Association of Human Papillomavirus

and Colon Neoplasms

Dianiel Kirgan, MD; Pacits Manslo, MD: Mark Hall, PhD; Byron MeGrogor, MD

e Human paplilomavirus has been shown to be associated
with squamous carcinomas, We evaluated benign and malignant
colontlssues for the presence of human paplllomavirus infection
to determine If & simllar relationship exists between human papil-
lomavirus and colon neoplasms. Colon tissues wera scroened
using animmunchistochemical technique lo detect human papll-
lomavirus antigen. In sltu DMA hybridization was then performed
on those tissues that ylelded positive resulls by Immunchisto-
chemistry, Groups were compared using y' analysis. Human
papillomavirus antigen was present In 23% of normal colon spec-
Imens, 60% of benign tumors, end 97% of carcinomas. Human
papilioma viral genome was demonstrated In 27% of benign
tumors and In nearly 43°% of all carclnomas tested. These data
Indicate that human paplllomavirus Infects the columnar mucosa
of the colen, and thet an assoclation exists between human
papiliomayirus and colon neoplasia.

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

he incidence of adenocarcinoma of the calon and rectum

has remained unchanged for the last 40 vears. Despite
perioperative improvements in nutrition, antibiotics, and an-
esthesia, the mortality associated with colon careinoma con-
tinues to be =ignificant; approximately half of the 150 000
newly diagnosed patients with colorectal eancer this year will
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
cell earcinomas of the urogenital region and aerodigestive
tract have previously been associated with human papilloma-
virus (HPFV) infection and these relationships have proven
clinically useful in bath the dizgnosis and maonitoring of these
diseases. Demonstration of a similar relationship in colon
cancer may have the same effect on this diseasa,

We have recently demonstrated an association between
HPV antigen and bath benign and malignant neoplasms of the
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 iz specifie for viral infections.

We chose to sereen colon tissues, including normal mueosa,
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 HFV
genome in those colonie tissues that tested positive for viral
antigen.
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PATIENTS AND METHODS

Tissue for study wus obtained from the Anatomical Pathalogy
Soction of the Veterans Affairs Medical Center, Reno, Nev, Thirty
normal colons, 30 single tubulovillous adenomas, and 43 carcinomas
(30 invasive earcinomas nnd 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 the presence of HPV antigen. Specimens testing positive
for the antigen underwent DNA hybridization. Four-micrometer
sectionz of the tissue were cut and mounted on slides prepared with
poly-L-lysine. Tissues were then deparaffinized in xylene and rehy-
drated in a series of alcohol wazhes. Endogenous peroxidase getivity
was blocked with 8% hydrogen peroxide in methanol. Afterrinsing in
distilled wuter, the specimens were covered with 5% normal goat
gerum in phosphate-buffered saline (FBS) and incubated for 20 min-
utes. All incubation was earded out at room temperature in'a elozed
humid chamber. The goat serum was decanted and rabbit antibovine
papiliomavirus antibody {1:100 wl dilution in 1% slbumin in PBS) was
applied and incubated for 15 to 20 howrs. The specimens were next
washed in PBS, snd a bistinylated horse antirabbit TpG (10100 pL
dilution) was applied and incubated for 60 minutes. Tissue was again
washed in PES; then avidin-biotin complex (Veetor Ine, Burlingame,
Calif) was applied to the & 6 and incubsted for 60 minutes.
Following washes in PBS, tissues were stained with 3,3, diaminoben-
zidine tetrehydrochloride for 10 minutes and counterstained in hema-
toxylin for 1 to 8 minutes. Tissues were dehydrated with increasing
cancentrations of ethanol, eleared with x¥lene, and mounted. Resul-
tant zlides were interpreted blindly by a pathologist and graded
simply as positive or negative.

Specimens that rescted positive by immunchistochemistry were
subjected toin situ DNA hybridization, Four-micrometer eectiong of
tissue were deparaffinized with xylene and rehydrated using a series
of gleohal washes, Tiszues were then subjected to protease digeetion
uging a commercially prepared digestive resgent (Life Technologies,
Grithersburg, Md) for 20 minutes at 87°C, and then washed with
buffered saline solutions pricr to DNA & jon. Specimens
were reacted with pooled DNA probes ta HE'Y vpee f, 11,16, 18,
a1, 83, and 35 (Lif&Tech) at 100°C for 5 minutes, then hybridization
was allowed to ceeur at 37°C for 2 hours. Specimens were again
wached in buffered saline solutions (Life Tech) for 3 minutes and
epunterstained. Tissues wore then dehydrated in & series of increas-
ing concentrations of aleohol, washed in xvlene, and mounted on
elides for photomicrography.

RESULTS

Human papillomayirus antigen was demonstrated in 97% of
the earcinomas (Fig 1), The antigen was seen in 60% of the
benign tumeors (Fig 2) and 23% of the normal specimens (Fig
), Despite small numbers (n=103), the null hypothesis that
these subpopulations were homogenous in their incidence of
viral antigen was able to be rejected at P<.003 by 3" analysis.
The viral genome was demonstrated in roughly one third of
the carcinoma specimens tested (Fig 4), and two thirds of
careinomas in situ reacted positive for the virus, A smaller
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Fig 1.—Lelt, Photomicregraph of human colon carcinama demonsirating human papiliomavirus antigen by an immunahis-
fochemicaltechnigue. The diaminabenziding tetrahydrochlonide stains brown in the presence of antigen-antibody complox
{hemataxylin, criginal magnification = 100}, Right, Photamicrograph of human colon carcinoma that 1ested negative for
human papiliomavires antigen, Reaction in the inlerstitium is due to nonspacific peroxidase within plasma cells (original
magnification = 100)

Fig 2. — Left. Photomicregraph demonstrating human papiilamavirus antigen ina benign tubulovillous adenoma (original
magnification = 100). Right, Photomicragraph of a8 human tubulovillous adenama testing negative for human papilloma-
viruz antigen (origingl magnification = 100),
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Fig 3.— Phalomicrograph of normal human colon mucosa deman- Fig 4 —Photomicrograph of DNA hybridization technique using
strating human paplilamavirus antigen (original magnification = 100) pooled human papillomavirus virotype probas 6, 11, 16, 18, 31, 33,

and 35. Dark nuclear staining demonstrates human papillomavirus
genoma in this human colon neoplasm (orginal magnification = 250)
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fraction of the benign tumors and none of the normal muecosa
samples tested positive for the viral genome {Table).

COMMENT

The carcinogenie potential of the papillomavirus has been
previously demonstrated,” and progression from a benign
laryngeal papilloma to careinoma has been described.' The
mechanism by which oncogenesis occurs is not known, but
retrovirnzes and DNA viruses are known to activate proto-
oncogenes,” This is probably a multistep process with di-
etary"” and genetic interactions."* Evidence iz accumulating
that supports a cauzal role for HPV in benign and malignant
lesions of the urogenital tract and the head and neck region.
Carcinoma of the cervix,™ aerodigestive tract,™" lung,” and
esophagus™™ have all been shown to have an association with
HPV. Identification of thiz viral association has allowed for
changes in diagnostic and therapeutic approaches to these
dizeases,

Proto-oneogene abnormalities have alzo been identified in
colon neoplasia, including the e-RAS and ¢-MYC oncogenes.™
Products of the c-MYC oncogene have been demonstrated by
immunoperoxidase-staining techniques in benign colonic pal-
yps and carcinomas of the colon. Hybridization techniques
have demonstrated the e-MYC oncogene in as many as 20% of
eolon eancers.™ Human papillomavirus is believed to incorpo-
rate into the host genome near the e-MYC oncogene, at least
in carcinomas of the uterine cervix.™ Evidence that oncogenes
are active in colon neoplasia adds strength to the argument of
multistage earcinogenesiz and is consistent with the well-
acknowledged progression from mucosa to adenomatous
change to malignant degeneration (the polyp-cancer
sequendel

We have previously demonstrated HPV antigen to be asso-
eiated with eolonic neoplasia. This aszociation led us to inves-
tigate whether the virus was actually present in colon tumors
or whether some 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 identifiea-
tion of viral infections, but conventional extraction DNA

hybridization is cumbersome and time consuming. In situ
DN A hybridization has recently been deseribed for detection
of viral genome,™ and was chosen for this study based on its
previots suceess in similar situations. It has been shown to be
a clinically useful technigue in detecting HPV genome in

Results of Immunohistochemical Analysis and
In Situ Hybridization®

Ho. (%) Ho, (%)
Positive for Positive for
Tissue Type HPY Antigen HPY Genome
MNormal miscosa {n=30) a0 (23) o7
Tubulovillous adenomas (n=30) 1830 (et 518 (27)
Invashve carcinomas (n = 30) 2930 (871 829 (31)
Carciramas in situ (n= 13) 1313 (1000 513 (69) 1

*HPY indicalos buman papillemavinus,
+P<.001 by y* compared with normal mucesa.

laryngeal papilloma tissue™ and eytomegalovirus in eolon tis-
sue of immunosuppressed individuals.®

The immunohistochemical demonstration of viral capsid
protein in one of four normal mucosal specimens suggests a
widespread prevalence of the 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,
Oy tissue samples were from a geriatric population, and we
have no data on how or when viral infestation oceurs, but such
& large number is consistent with the emerging knowledge of
this virus,

The detection of HPV genome in nearly half of the cancers
tested clearly demaonstrates the presence of the virus in these
carcinomas, This validates the immunohistochemical dats
that detected viral capsid antigen in these lesions, and collab-
orates previous reports that identified the viral antigen in
colon polyps. It is not clear why all of those tizssues that
displayed the viral capsid protein did not also demonstrate the
viral genome; either the HPV associated with those tumarsis
one of the other 53 kmown virotypes not represented in our
pooled probes or the virusis present in such low concentration
that it iz undetectable by in situ hybridization.

We have demonstrated the presence of HPV in the colum-
nar mucosa of the colon. Further, we have described an
increasing association of the virus with progressive degrees
of malignant degeneration of that mucosa. The potential ther-
apeutic and diagnostic implications of this association remain
to be established, but we believe that this association with
HPV will have an impact on future understanding of both the
development of eolon carcinoma and its diagnostic and thera-
peutic interventions.
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Discussion

MarvIN M. RoMsDaHL, MD, PhD}, Houston, Tex; Dr Kirgan and
his associates have examinad benign and malignant colonie tissue for
HPV and have provided evidence that probably should be interpreted
as preliminary in regard to #n association between HPV and eolon
canéer, Clearly the izsue of colon cancer eansation by HPV is neither
made nor implied.

Human papillomavirus has previously been rather strietly assoei-
gted with squamous epithelium, either in the orel pharynx or the
anorectal regions. Demonstration of HPY in glandular epithelium
would be 8 new observation. If indeed this should prove to be the caze,
and partienlarly if associated with glandular-type careinoma; a mejor
sedentific finding would be at hand. A confirmed associstion to colon
cancer, even without reference to causation, would be extremely
important,

This type of study will receive extreme scrutiny in regard to
technology emploved and its interpretationz beeguse of the inconsis-
tency of these findings with generslly accepted coneepts of colon
carcinogencsiz.

The authers have previously thown viras-gssoclated proteins in
colonic tigsues, inclnding benign and malignant neoplazma, by histo-
chemics! techniques. They then proceeded to employ DN A hybridiza-
tion to detect whether the virus was contained in the nuclevs of the
different eolon tizsues, While the Immunokistochemieal evidence is
reazonably evident, @ more exact and specific test for HPV concerna
the DN A hyloidization, which they indeed have done. Now, in regard
to DNA hvbridization, T would like to point out that there are zeveral
techniques to show thie partienlar phenomencn,

The firat technique and the oldest is the in situ labeling, using tissue
sections, such as they have done, A second technigue that has been
developed is termed the “dot blot” technique. For this test, homoge-
nates of the tizzue that vou wizh to examine, such as rectal mucosa,
colon eancer, or polyps are sllowed to react with vour indicator DN A,
which would, of course, come from any of the virus subtypes. This,
then, ean be tested either immunochemically or by radicimmuno-
RESAY,

The fing] type of test for DNA hybridization concerns what is
knewn as the “zouthern blot” technique, Thiz is & test in which a
homogenate of the {est tissue & submitted to gel electrophoresiz and
then radicimmunoassgy i3 used to detect whether indeed there has
been hybridizztion between the papillomavirus and the DNA eon-
tained in the enlonic tissues, Of these different techniques, the south-
ern blot technique is the ultimate standerd and should be employed by
the authors to document their findings at this time,

The authors did test seven different HPV virel types, but under
low stringeney, 1t would be worthwhile to test these same viral types
under high stringency. Perhaps in their closing remarks they will

Arch Surg—WVol 125, July 1950

discuss stringeney for this andience and possible sdvantages that
high stringency might have in adding credibility to their scientific
chszrvations.

The observations that Dr Kirgan and his aszociates have made may
have significant implieations in colon cancer, should an undisputed
association with HPV be fortheoming, However, thiz s a revolution-
ary eoneept and [ believe that use of the highest sclentific technology
has to be employed te support their findings.

Finally, it is 2 pleasure to see general surgeons and surgieal Lrain-
ees familiarizing themselves with and engaging in basie resenarch of
conditions we regularly encounter, such as colon cancer.

Davin L, Bouwsan, MD, Detrait, Mich: Do you have any cases in
which, in a single individoal, assays were run on normal colonie
mucoza as well g8 the villous adenoma, tubular adenoma, or
carcinomat

GEORGE B, MARKLE TV, MD, Carlsbad, NM: [ have long been
impressed with the similarities between colon eancer and careinoma
of the eervix: dysplasia first, then golng into carcinoma in situ, and
finally frank carcinoma. So there’s a similarity here, Where does this

- witrus come from if we are dealing with & 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 virue gets into the gut?

DR MCGREGOR: We have many of the same concerns expressed by
Dr Romszdahl and other reviewers, Tobe sure, gene amplifieation and
southarn blot techniques are the state of the art, even though those
filtration technigues would not have allowed the simultaneous identi-
fAeation and localization as did the in situ hybridization,

Dr Bouwman, we had no caszes in which all three were involved.
Second, all of the “normal” mueoss deseribed was taken from patients
with nonmalignant disesses. Dr Markle, we have specufated about
the origin of this virus and have completed a distribution study of
tubulavillows adenomas with the theory that if there were a gradient
from rectum to cecum, a retrograde transmizzion from the perineum
would be suggested, but if the distribution were homogenous, thena
viremic presentation would be more likely. The result of that study
was that vival distribution was uniform throughout the colon,

But at the basis of all the skepticizm, ezpecially among surgeons is
this: Do we believe all this fancy biochemistey? The validation of any
such observation is that it allows us to predict future ohasrvations.
One of those predietions surely would be that if it is thers, we ought to
be shle to see it. Indeed, we have recently been able to demonstrate;
(1) central elearing of chromatin, (2) openings in the nuclear envelope
characteristic of a lytie virus, and (3) 45 to 55 nm viral particles (the
gize of HPV) all within the nucleus of a eell of & humen eolon adenocar-
cinoma. We believe that this is a real phenomenon and s worthy of
further study,
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