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Abstract

Objective. Evaluate the relationships between AgNORs
polymorphisms and squamous intraepithelial lesions (SIL)
and squamous cell carcinoma (SCC) with HPV infection.
Materials and methods.A study was carried out on sixty
women from the state of Guerrero, Mexico. HPV detection
was performed by PCR.AgNORs were identified by argentic
impregnation. One hundred cells per slide were counted and
classified according to the polymorphism of AgNORs dots;
typical (spherical) and atypical (large, kidney-shaped and clus-
tered). Results.A total of 100% of the cases were positive for
HPV infection. Nine different high-risk HPV genotypes were
found, type |6 was the most common (48.6%).The AgNORs
showed a significant decrease in spherical shape according to
neoplastic development.The three atypical shapes showed a
significant increase in SIL and SCC (p-trend<0.001). Conclu-
sions.AgNORs polymorphism rises progressively according
to the grade of histological lesions that can be useful as a
prognosis for progression of SCC.

Keywords:nucleolar organizer regions,squamous intraepithe-
lial lesions; human papillomavirus; squamous cell, carcinoma;
Mexico
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Resumen

Objetivo. Evaluar la relacion entre los polimorfismos de
AgNORs con las lesiones intraepiteliales escamosas (LIE) y
carcinoma de células escamosas (CCE). Material y méto-
dos. Se estudiaron sesenta mujeres del estado de Guerrero,
México. La deteccidn del VPH fue por PCR y los AgNORs por
impregnacion argéntica; se contaron 100 células y se clasifica-
ron por tipo de polimorfismo de AgNOR:s: tipico (esférico)
y atipicos (largo, forma de rifién o de racimo). Resultados.
El 100% de los casos presentaron infeccion por VPH, se en-
contraron nueve genotipos diferentes deVPH de alto riesgo,
el 16 fue el mas comin (48.6%). La forma esférica de los
polimorfismos de AgNORs mostré una disminucién con el
desarrollo neoplasico y las atipicas incrementaron progresi-
vamente con SIL y SCC (p-tendencia<0.001). Conclusiones.
Los polimorfismos AgNORs se incrementan progresivamente
con el grado de lesion histoldgica, y pueden ser Utiles en el
pronostico de progresion del carcinoma cervical.

Palabras clave: region organizadora del nucléolo; lesion in-
traepitelial escamosa, carcinoma de células escamosas; virus
del papiloma humano; México
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Invasive cervical cancer is one of the most common
cancers among women from developing countries.!
Incidence rates vary from 10 cases per 100 000 women
per year in many industrialized nations, to more
than 40 per 100 000 in some developing countries.? In
Mexico, invasive cervical cancer is the most common
cancer among women.? It is now well known that HPV
infection plays a key role in cervical carcinogenesis.
Some epidemiological and molecular studies report a
worldwide HPV prevalence in cervical carcinoma of
more than 95%.* Various types of HPV are associated
with 90% to 100% of cervical cancers worldwide, and
HPV 16 is detected in about 50% of them.”

HPV infection is a very common sexually trans-
mitted disease among young women and it has been
estimated that at least 50% of sexually active adults have
had a genital HPV infection, but most infections are
transient and resolve spontaneously in 6 to 24 months.5”
Only a small percentage of HPV infections will lead to
precursor cervical lesions and only those that persist
long-term pose a risk for the development of cancer.®
HPV 16 is the most common type in SCC, but also in
premalignant lesions® such as HSIL, which are charac-
terized by an increased mitotic rate, atypical mitotic
figures and marked atypical nucleus in both superficial
and basal epithelium.’

Nucleolar organizer regions (NORs) are loops of
DNA that encode ribosomal RNA. DNA transcription
and ribosomal RNA synthesis take place at these sites.
Argyrophilic proteins associated with NORs are selec-
tively identified by a silver colloid staining technique
and visualized as dark, intranuclear dots under the
optical microscope.” Many authors have reported that
the number of variations in argyrophilic nucleolar orga-
nizer regions (Ag NORs) reflects with some reliability
the proliferative activity."* It has also been shown that
high AgNOR count,'* S-phase fraction and aneuploid
DNA have prognostic significance in the early detection
of cervical cancer.”® However, at present it has also been
described that the increase in polymorphism of AgNORs
in cervical biopsies could be used as a possible marker for
histopathological diagnosis.!®” Furthermore, only a few
reports have been published concerning the variability
of AgNORSs in cervical cytology in women with cervical
neoplastic damage, suggesting that polymorphism of
AgNORs may be related to neoplastic development. Four
AgNORs shapes have been quantified by Cortes-Gutierr-
ez, et al®®for four groups of women with different grades
of cervical neoplasm showing a progressive increase of
atypical polymorphism in patients with HSIL and inva-
sive carcinoma with respect to LSIL. The objective of the
present work was to evaluate AGNORs polymorphism
in LSIL, HSIL and SCC with HPV infection.
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Material and Methods

We carried out a comparative study on sixty women
from the state of Guerrero, Mexico, who were referred
to the colposcopy service at the Dr. Arturo Beltran State
Cancerology Institute between January and June of 2002.
Women of all ages were included who had a diagnosis
of SIL or SCC without previous treatment for these al-
terations and women with normal cytology and HPV
negative. Insufficient samples were excluded as well as
those that did not correspond to the squamocolumnar
transformation zone. Fifteen of those presented LSIL,
another 15 HSIL, 15 SCC and 15 were used as a control
group with normal cytological. All groups included
sexually active women of diverse ages without hysterec-
tomies. The subjects received written and oral informa-
tion before they gave their consent to participate. The
study was performed in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of
the University of Guerrero.

Specimen collection. Tissue samples were taken from
colposcopically abnormal areas. Two fragments of tis-
sue were taken; one was placed on 10% buffered neutral
formol solution as a fixing agent for its later processing
by the histological technique. The pathologist read the
biopsy sections. The other tissue fragment was collected
in a sterile eppendorff tube and placed quickly on dry ice
for its further HPV detection and typing. The cytological
material from the control group was collected from the
ectocervix with an Ayre spatula and from the endocer-
vix with a cytobrush, making sure that tissue from the
transformation zone was taken. Smears were used for
cytomorphological examination using conventional
Papanicolaou. With the same brush, a second sample
from the same region was taken and placed on 750 ul of
extraction solution (Tris 10 mM, pH 8.0, EDTA 20 mM,
pH 8.0,SDS 0.5 %). For HPV detection, cytobrushes with
cervical scrapes were placed in lysis buffer (10 mM Tris
pH 8.0, 20 mM EDTA pH 8.0 and 0.5% sodium dodecyl
sulfate), were removed after taking out cervical material
and stored at -20°C until analysis.

Hematoxylin and eosin stain. Biopsies were processed by
paraffin-embedded histological technique and three
pm tissue sections were obtained; one of those was
hematoxylin-eosin stained in order to do LSIL, HSIL and
SCC diagnosis, and also to search for cytomorphological
data of the HPV infection. The diagnosis was completed
according to the Bethesda System classification.

HPV detection and typing. DNA was extracted according
to the standard SDS-proteinase K-phenol-chloroform
method. DNA samples were tested by the MY09/11 PCR
protocol.” The consensus primers MY09 and MY11 tar-
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get a conserved 450-pb region of the HPV L1 gene. The
reaction mixtures (50u1) contained 1 g of target DNA,
0.8 uM of each primer, 2 mM MgCl,, PCR buffer 1X, 150
uM of each dNTP and 1.25 U of Ampli Tag Gold™. DNA
was amplified in a GeneAmp PCR System 2400 (Applied
Biosystems, Foster City, CA) with the following steps:
a 10-min initial denaturation step at 95°C, followed by
40 cycles of 95°C for 1 min, 58°C for 1 min, 72°C for 1
min, and a final extension at 72°C for 10 min. Integrity
of DNA specimens was verified by amplification of a
268-bp region of the human f-globin gene using PC04
and GH20 primers.

For HPV typing, amplified PCR products were digested
with restriction enzymes BamHI, Ddel, Haelll, Hinfl, Pst],
Rsal and Sau3AI and restriction fragment length poly-
morphism (RFLP) analyses were performed to identify
more than 40 genital HPV types.

Silver-binding Argyrophilic Nucleolar Organized Regions
(AgNORs). One tissue section was subjected to argentic
impregnation with silver nitrate according to the pro-
cedure proposed by Ploton et al*® in 1986, counting the
number and shape of the nucleolus under the optical
microscope using 10x, 40x and 100x objectives in order
to score the AgNORs. A lung adenocarcinoma section
was used as a positive control. The same tissue was
used as negative control without the addition of silver
nitrate. The AgNORs were viewed as black dots in the
nucleus. The number and polymorphism of AgNORs
were counted in 100 cells for each slide with LSIL and
HSIL (including the basal, parabasal and intermediate
cell layers of the squamous epithelium), in pleomor-
phic cells from tumoral nests of SCC, in endocervical
squamous metaplasia and in parabasal and cylindrical
cells of cytological smears with reactive cellular changes
associated with inflammation (Egan et al'® and Croker
et al'?). The polymorphism of AgNORs was scored and
classified according to its typical or atypical shape as
shown in Figure 1. Typical shape was considered with
spherical structure (A), atypical shapes are large (B),
kidney-shaped (C) or clustered (D) structures as pro-
posed by Cortes-Gutierrez et al.!®

Statistical analysis. Data of the participants are reported
as medians and interquartile ranges or percentages.
Kruskall-Wallis test was used to assess the differences
between median values for AGNORs polymorphism
and the groups. Differences between the groups were
measured using ANOVA with Bonferroni post test.
The assessment of relationship between AgNORs poly-
morphism and health status was carried out through
multiple linear regression model adjusted by age and
HPV infection. Statistical analysis was performed using
STATA software (V.9). P values < 0.05 were reported
statistically significant.
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Ficure |. DiIFFERENT TYPES AGNORS IN CERVICAL BIOPSY
SPECIMEN ACCORDING TO SHAPE. T YPICAL: SPHERICIAL (A), ATY-
PICAL: LARGE (B), KIDNEY-SHAPED (C) AND cLUSTERED (D)

Results
Histopathological study

The patients’ ages varied between 19 and 89 years with
33 being the median age for patients with LSIL, 38 for
those with HSIL and 59 years for the SCC. The 15 LSIL
cases included NIC 1 with pathognomonic koilocytes
present in the superficial layer of the epithelium; the 15
HSIL presented koilocytes in parabasal and intermedi-
ate cell layers in NIC 2 and also included the superficial
layer for NIC 3. In contrast, the 15 SCC did not present
koilocytes but were characterized by stroma invasion,
tumoral nests, pleomorphism and nuclear hipercromasy.
The control group had an average age of 38 years and the
diagnosis was cytologies with reactive cellular changes
associated with inflammation. In those samples no HPV
DNA could be found by PCR.

HPV detection and typing

HPV infection was present in all SIL and SCC cases and
none was found in normal cytology. In the 15 cases of
LSIL the following HPV types in order of frequency
were found: 16, 45, 52 and 69; a multiple infection and
seven cases could not be described. With respect to the
15 HSIL, the HPV types found were: 31, 16, 18, 33, 35,
52,58 and 3 non-characterized cases. Of the 15 SCC, the
HPYV types found in order of frequency were: 16, 18, 31
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and 58. The most common HPV type found in LSIL was
16 (20%), in HSIL type 31 (26.6 %) and in SCC type 16
(66.6%), (table I).

AgNORs polymorphisms

The spherical AgNORs shape was the most frequent
for normal cytology, LSIL and HSIL groups, and the
large shape was the least frequent for all of them, al-
though in the spherical form there was a decrease in
median value, with an increase of malignancy to 80 in
the LSIL group, 60 in the HSIL group, and 27 in SCC.
There was a median increase for the large AgNORs of
2 to 11, kidney shaped of 20 to 36 and clustered of 3 to
25 structures from LSIL to SCC (p<0.001). On the other
hand, the median obtained for all atypical AgNORs
groups increased to 27 in LSIL, 41 in HSIL and 73 in
SCC. When making group-to-group comparisons of
mean increases in atypical forms, to evaluate in which
group these increases were larger, all the comparisons
have a p-value <0.001 showing, as mentioned before,
that as the lesion progresses the atypical forms increase
significantly (table II).

To compare the viral types with the different forms
of the AgNORSs, they were stratified into HPVs 16, 18
and others; the results show significant differences

Table |
FREQUENCY oF HPV GENOTYPES IN THE POPULATION
STUDIED. STATE OF GUERRERO, MEXIcO, 2000-200 |

NC LSIL HSIL scc

Factor n=15 n=15 n=15 =I5

Age (y) mean (rank) 38 (19-63) 33 (19-56) 38 (19-63) 59 (35-89)

Viral genotype n (%)

Negative 15 (100) 0 0 0

16 - 3(20) 3(20) 10 (66.6)
18 - - I (6.7) 3(20)
31 - - 4(266) 1(6.7)
33 - - 1 (6.7) -
35 - - 1 (6.7)

45 - 2(13.3) -

52 - 1 (6.7) 1 (6.7) -
58 - - 1 (6.7) 1 (6.7)
69 - 1 (6.7)

Multiple infection . -

HPV-x - 7 (46.6) 3(20)

NC: Normal cytology; LSIL: low-grade squamous intraepithelial lesion;
HSIL high-grade squamous intraepithelial lesion; SCC: squamous cervical
carcinoma
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Table 1l
AGNOR POLYMORPHISM DOTS IN THE FOUR STUDY
GRoOUPS. STATE oF GUERRERO, MEXIco, 2000-2001

polymﬁ%z‘]’i:; o NC LSIL HSIL SCC p value*
Spherical 100 80 (63-87) 60(49-63) 27(20-35) <0.00l
Large 200-5) 5(2-8  11(10-15 <000
Kidney-shaped -~ 20 (10-25) 25(20-30) 36 (30-40) <0.00
Clustered 3(1-7)  15(10-18) 25(20-30) <000l
Atypical ~ 27(14-35) 41 (37-53) 73(65-80) <0.00l

NC:Normal cytology; LSIL: low-grade squamous intraepithelial lesion; HSIL high-
grade squamous intraepithelial lesion; SCC: squamous cervical carcinoma

Data are median (25th-75th percentile)

* Kruskal-Wallis test

Table Il
AGNOR POLYMORPHISM DOTS BY HIGH-RISK HPV
IN THE POPULATION STUDIED. STATE OF GUERRERO,
Mexico, 2000-2001

Aghors Al L LA ST
I hi % er an %
polymorphism (%) 34 n= 14 n=20 p value
Spherical 45 (28-61) 60 (57-69)  33.5(25-47.5) <0.00!
Large 85(5-10)  5(I-5) 10(8-11.5)  0.00l
Kidney shaped 30 (25-35)  25(20-30) 335 (29-40)  0.00!
Clustered 15(10-25) 10 (3-15  20(15-29) 0.002
Atypical 55(39-72) 40 (30-43) 665 (52.5-75) < 0.00!

between the median values (table III). However, when
these same comparisons were carried out by group, the
p-values were 0.28 for LSIL, 0.03 for HSIL and 0.12 for
SCC. Multiple linear regression models showed that 96%
of variability of AGNORs is explained by SIL and SCC
with gradual increases (p-trend <0.001) (table IV).

Discussion

The age range in women presenting SCC was between 35
and 89 years with a median age of 59, which compares
to results reported in other studies where this carcinoma
appears in women of ages between 40 and 60 years.”!
In studies by other Mexican researchers carried out in
non selected populations, as is our case, two incidence
peaks of high-risk HPV infection have been found, one
in the age group between 15-19 with a frequency of 25%
and another in women aged between 56-65 with a 5.3%
frequency; therefore it has been proposed that incidence
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Table IV
EFFECT OF SQUAMOUS INTRAEPITHELIAL LESIONS
OF LOW-GRADE, HIGH-GRADE AND SQUAMOUS CERVICAL
CARCINOMA ON coUNT AGNOR POLYMORPHISM

Adjusted by age Multiple modeft
Bl(95%C)  pvae RE BT(95%CI)  pvae R
LSIL* 248 (18.5,31.2) <0.001 091 26.7(14.1,39.2) <0.001 0.96
HSIL 4.1 (37.8,504) <0.001 485 (347,622) <0.001
SCC 754 (682,826) <000l 70.1 (55.9,842) <0.001
p-trend <0.001

Reference category:

“normal cytology (NC)

*Adjusted by age and HPV infection

T Regression coefficient (95% confidence intervals)

declines along with age.?? In this study, the cases with
HPV infection were found in women from ages 19 for
the LSIL to 63 years for HSIL, while the age range for
the SCC figured between 35 to 89 years.

HPV DNA was detected in all cases included in this
study which confirms what has already been proposed
by other researchers, the fact that HPV DNA has been
detected in more than 95% of the SIL and SCC.4In 75.6% of
all analyzed cases, it was possible to determine the HPV
types present; all HPV types found were high-risk. HPV
types 16, 31 and 18, followed by 45, 52, 58, 33, 35 and 69
were the most frequently detected. This is very relevant
because most of them correspond to the seven most
frequently reported HPV types in cervical carcinoma.

We also found that the frequency of HPV types is
not the same in premalignant lesions and SCC. For LSIL,
HPV 16 was the most common type found, followed by
HPV type 45 and multiple HPV infection, considered by
some researchers as associated with HSIL?* and ad-
enosquamous carcinoma.” In seven of these cases, viral
DNA was found but no characterization was possible.
In five of these cases the presence of scarce koilocytes
was found by histological analysis which implies the fact
that the tissue processed by PCR did not possess enough
viral DNA for its amplification. In the HSIL, HPV types
31, 16 and 18, in that order, were the most frequently
found. Interestingly for this group, HPV 31 was the
most commonly detected type, even more than HPV
16, although this viral type is frequently found in the
American population®and is included in the high-risk
HPYV types associated with cervical carcinoma etiology
(notably 16, 18, 31 and 45).%6% The prevalence of the
viral types varies according to the geographic region and
detection of the high-risk types in premalignant lesions
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suggest that a more accurate control and following of
these patients should be made.

In relation to SCC cases, HPV type 16 was the most
frequently found, followed by type 18. These results
are in accordance with those reported by other studies
that show that HPV 16 is the most frequently found
in SCC, with 50% of the cases being positive, which is
higher than values reported by other studies, although
the number of cases in this study is small. In another
study done in the state of Guerrero, Mexico by Illades
et. al,” they found that 97.7% of SCC were related to
HPV infection, where 51% of those presented HPV type
16 and the most frequently found types were 16, 18, 31
and 33. It has to be noted that in Mexico, the prevalence
of HPV infection studies are scarce and they all report
HPV 16 as being the most frequently found.**!

Different researchers have described the use of
the AgNORs technique to determine the proliferative
activity in several pathologies and it is considered that
the quantity and polymorphism of AgNORs dots are
related with this activity;****thus, its determination has
been widely used in the study of both premalignant!4*>3
and malignant uterine cervix lesions.***® Unfortunately,
there are few studies that relate this parameter not only
with the presence of HPV'%2% but with the viral types.
Our results showed a progressive increase in atypical
AgNORs according to neoplastic development. Atypi-
cal polymorphism showed a significant increase in pa-
tients with LSIL, HSIL and SCC. This increase may be
explained by the relationship between morphological
changes in the AgNORs and high transcriptional activ-
ity due to proliferative potential, increased activity of
rRNA genes, ploidy and aneuploid DNA">*or infection
of the cells with HPV.#? In this work, all samples were
infected with high-risk HPV types. On the other hand, we
counted the number and polymorphism of AgNORs and
this polymorphism provides us with information about
the behavior of the cell. In this study, the high number of
large, kidney shaped and clustered AgNORs observed
in women with LSIL, HSIL and SCC was associated
with malignant transformation probably due to HPV
infection. The results presented here show that as the
severity of the histopathological lesion progresses, the
number and polymorphism of AgNORs increases and
the highest number was found in SCC cases. These data
are similar to and corroborate those found by Egan et al,
in 1988'° and Prathiba et al, in 1995,% who also reported
significant differences in the AGNORs counts and the
premalignant and malignant lesions in uterine cervix.

The AgNORs are a cellular proliferative activity
marker useful in the evaluation of hard-to-diagnose le-
sions, mainly in those that have a borderline behavior.
However, to distinguish the differences between low
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and high grade lesions, the pathologist has to have a
careful control of the colloidal silver stain and the his-
tological technique; it is known that it is necessary to
repeat the staining various times due to the high risk
of silver precipitation, as well as making sure that the
histological cuts are three microns thick, otherwise the
clarity and ease of counting of the AgNORs polymor-
phism is compromised.

Additionally, in previous works HPV infection has
only been related to the AgNORs quantity and the lesion
degree, but it has not been related to viral types since
only koilocyte presence has been taken as a parameter
of viral infection. In this study, when comparing HPV
types 16 and 18 with other high-risk viral types with
different forms of AgNORs, significant differences were
found, indicating that during the progression of the
lesion HPV induces a progressive increase in cellular
proliferation. On the other hand, there were no impor-
tant differences when making these same comparisons
between the groups of women studied, which shows
that the presence of atypical AgNORs shapes are a
product of cellular alterations that are clearly related
to not only the viral integrations into the infected cell’s
DNA but also to the progression of the lesion and the
strong relationship that exists between viral types 16 and
18 and cancer of squamous cells, recognized as highly
aggressive types.

Our results suggest that a compound study of viral
parameters, such as the viral type along with cellular
proliferation markers such as the polymorphism of
AgNORs can be useful as prognosis factors to estimate
the progression of premalignant lesions to SCC.
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