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Introduction

Human papillomavirus (HPV) is highly prevalent in
sexually active women. The persistent infection by onco-
genic HPV is essential for the progression of the injury
from minor to high grade intraepithelial neoplasia and
then to an invasive lesion [1].

The host immune response, particularly the cellular
response, plays an important role in eliminating HPV
infections. The injuries may persist and subsequently
progress due to the failure of this local response. The
cytotoxic T lymphocytes (CTLs) and natural killer cells
(NKs) are the main effector cells in the eradication
process of viruses infected cells and tumor cells [2].

The granzyme family consists of a special group of
serine proteases, which are stored, fully processed and in
an activated form in cytoplasmic granules of cytolytic T
lymphocytes and natural killer cells. Granzyme B is
abundantly present in T lymphocytes and is linked to
induction of cytotoxicity and proteolytic events in the
recognition of target cells [2-4].

Angiogenesis is the process by which new blood
vessels are formed. It is associated with the development
of high-grade cervical intraepithelial neoplasia and inva-
sive carcinoma of the uterine cervix. One of the most
potent and specific angiogenic factors is the vascular
endothelial growth factor (VEGF) [5, 6].

Immunohistochemical studies have shown progression
of cervical intraepithelial neoplasia associated with
increased microvessel density and the expression of vas-
cular endothelial growth factor [7-9].

The aim of this study was to evaluate the immunohis-
tochemical expression of granzyme B and VEGF with
variants of squamous cervical intraepithelial neoplasia.

Materials and Methods

A series of 196 women underwent treatment at the outpatient
clinic for lower genital tract diseases of the Department of
Gynecology, Federal University of São Paulo - Escola Paulista
de Medicina/UNIFESP-EPM from 2002 to 2005.

As criteria for inclusion, the patients had to be in menacme
and suffer from grade 1, 2 or 3 cervical intraepithelial neo-
plasias, defined by histopathological examination. For the
control group tissue fragments of the uterine cervix without cer-
vical intraepithelial neoplasia were used as defined by
histopathological examination.

The study did not include pregnant women and nursing
mothers, women with previous history of vaginal intraepithelial
neoplasias or cervical treatment at any grade, women with a
history of uterine cervix surgery or cauterizations and patients
with acquired, infectious or iatrogenic immunosuppression. The
project was approved by the Ethical Committee of the Institution.

Based on the histopathological diagnosis, the study group
was composed of CIN 1 - 54 patients, CIN 2 - 40 patients, and
CIN 3 - 38 patients totaling 132 patients.

The control group comprised 64 women without cervical
intraepithelial neoplasia. 
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Due to problems occurring in fragments of the histopathol-
ogy and immunohistochemistry, the study group was divided to
assess immunohistochemistry of granzyme B and VEGF.

Of the total study group, 103 cases were referred for evalua-
tion of immunoexpression of granzyme B. The control group
contributed with 39 cases.

For the study of immunoexpression of  VEGF 107 cases of
the intraepithelial neoplasia group were used (grade 1, 2 and 3)
and 53 of the control group.

Results
The immunohistochemical expression of granzyme B

was studied in the epithelium, stroma and in the epithe-
lium + stroma of 142 fragments of the uterine cervix;
there were 34 grade 1 cervical intraepithelial neoplasias,
36 grade 2 cervical intraepithelial neoplasias, 33 grade 3
cervical intraepithelial neoplasias and 39 with absence of
cervical intraepithelial neoplasia, that is, fragments of the
uterine cervix without atypia - control group.

The analysis of the slides submitted to immunohisto-
chemical reaction for granzyme B showed positivity of
activated lymphocytes in the epithelium and stroma in 29
out of 39 cases analyzed in the control group. In grade 1
intraepithelial neoplasia, positivity of lymphocytes was
observed in 28 out of 34 cases, in grade 2 intraepithelial
neoplasia in 34 out of 36 cases, and in grade 3 intraep-
ithelial neoplasia the positivity of activated lymphocytes
was not observed in only one out of 33 cases (Table 1).

A total of 1,226 studied cells were considered positive
for granzyme B, distributed in the epithelium and stroma
of the control group, CIN 1, CIN 2 and CIN 3, with 565
positive cells in the epithelium and 661 positive cells in
the stroma.

In the control group, 156 cells in the epithelium and
181 in the stroma were positive for granzime B. In cases
of grade 1 intraepithelial neoplasias, there were 147
labeled cells in the epithelium and 95 in the stroma and
in grade 2 intraepithelial neoplasias there were 117 in the
epithelium and 176 in the stroma. In grade 3 intraepithe-
lial neoplasias, 145 positive cells were found in the
epithelium and 209 positive cells in the stroma.

According to the total sum of the positivity of activated
lymphocytes in the epithelium, stroma and epithelium +
stroma, the average of activated lymphocytes in the
control groups, CIN 1, CIN 2 and CIN 3, was obtained
by dividing the total number of activated lymphocytes in
the epithelium, stroma and epithelium + stroma by the
number of cases in different studied groups - control,
CIN 1, CIN 2 and CIN 3 (Table 2).

When comparing the groups for granzyme B,  the
Kruskal-Wallis test showed no significant difference
between groups (epithelium and epithelium + stroma)
and we verified the values of x2 3.321 NS (p = 0.345) for
the epithelium and x2 5.477 NS (p = 0.140) for the epithe-
lium and stroma.

On the other hand, considering the count held in the
stroma, the Kruskal-Wallis test showed a statistically sig-
nificant difference between the groups, being x2 11.023 (p
= 0.012). The test for multiple comparisons showed a sta-
tistically significant difference between the values of
group CIN 1 in relation to group CIN 3, with absolute
value of the calculated difference 31.79 for the critical
value (26.52) while in comparisons between CIN 1 and
CIN 2 the value of the calculated statistic (20.45) was
close to the critical value (25.95), suggesting a possible
difference from CIN 1 to CIN 2, shown by the average
2.8 and 4.9 for CIN 1 and CIN 2, respectively.

For the variable VEGF, immunoexpression in 160 frag-
ments of the uterine cervix were studied with 43 grade 1
cervical intraepithelial neoplasias, 33 grade 2 cervical
intraepithelial neoplasias, 31 grade 3 cervical intraepithe-
lial neoplasias and 53 with absence of cervical intraep-
ithelial neoplasia, that is, fragments of the uterine cervix
without atypia - control group (Table 3). 

In the comparison between the groups, previously set
and intensity of the color - absent or mild, moderate or
intense, in the contingence table we have observed statis-

Table 1. — Distribution of the 142 cases of cervical fragments
according to the positivity of the immunohistochemical
expression of granzyme B, the different pre-neoplastic lesions,
and the control group.

GB+ GB– Total
n % n % n %

Control 29 20.4 10 7.1 39 27.5
CIN 1 28 19.0 06 4.9 34 23.9
CIN 2 34 24.0 02 1.4 36 25.4
CIN 3 32 22.5 01 0.7 33 23.2
Total 122 85.9 20 14.1 142 100

Table 2. — Various averages and totals of activated
lymphocyte counts of second place, all the cases studied, and
statistical evaluation.

Groups Descritiva
Epithelium Stroma Epithelium+

stroma

Control N 39 39 39
average 4.0 4.6 8.6

CIN 1 N 34 34 34
average 4.3 2.8 7.1

CIN 2 N 36 36 36
average 3.3 4.9 8.1

CIN 3 N 33 33 33
average 4.4 6.3 10.7

NIC I < NIC III

Table 3. — 160 cases evaluated for VEGF following sub-
groups, number of cases, expression and statistical evaluation.

VEGF - Groups x Grade VEGF
Absence/Mild Moderate Intense Total

Groups Control n 31 19 3 53
% 58.5 35.8 5.7 100.0

CIN 1 n 14 28 1 43
% 32.6 65.1 2,3 100.0

CIN 2 n 14 11 8 33
% 42.4 33.3 24.3 100.0

CIN 3 n 3 14 14 31
% 9.6 45.2 45.2 100.0

Total n 62 72 26 160
% 38.8 45.0 16.2 100.00
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tically significant differences between the groups and the
intensity of color x2 calc = 44.154 (p = 0.001).

In grade 1 cervical intraepithelial neoplasia, 14
(32.6%) fragments of the uterine cervix with absence or
mild VEGF expression were observed, 28 (65.1%) with
moderate expression and one (2.3%) fragment of the
uterine cervix with intense VEGF expression.

In grade 2 cervical intraepithelial neoplasia 14 (42.4%)
fragments of the uterine cervix with absence or mild
VEGF expression were observed, 11 (33.3%) with mod-
erate expression and eight (24.3%) fragments of the
uterine cervix with intense VEGF expression.

In grade 3 cervical intraepithelial neoplasia, we  found
three (9.6%) fragments of the uterine cervix with absence
or mild VEGF expression, 14 (45.2% of cases) with mod-
erate expression and another 14 (45.2%) fragments of the
uterine cervix with intense VEGF expression.  

In the control group, i.e., stratified squamous epithe-
lium without atypia, 31 (58.5%) fragments of the uterine
cervix with absence or mild VEGF expression were
observed, 19 (35.8%) with moderate expression and three
(5.7%) fragments of the uterine cervix with intense
VEGF expression (Table 4); the prevalence of cases had
absence or mild VEGF expression.

Discussion 

Since cervical cancer is considered to be a HPV-asso-
ciated disease and its clinical course of immune response
is dependent on the host organism, there have been more
and more researches on the biomolecular and immuno-
genetic aspects.

Viral infection detection comes from the appearance of
antigens produced by the expression of viral proteins and
generates a stimulus to the immune responses. Around
the affected area there is mononuclear cell infiltration
composed by T lymphocytes, macrophages and NKs. As
the cellular modifications involve changes in premalig-
nant tissues, there is the activation via the immune
system. Granzyme B plays a crucial role in CTLs and
NKs causing apoptosis of target cells [10, 11].

Angiogenesis is the formation of new capillaries from
pre-existing vessels. The number of vessels is known to be
the reflection of angiogenesis activity, and increased vas-
cular density showed a relationship with high incidence of
metastasis and worse prognosis in different tumors [12].

The immunohistochemical expression of granzyme B
refers to the obtained results, to the need of the organism
to fight against the most severe high-grade intraepithelial
lesions. Similarly, in these cases, there is a greater signif-
icance of immunohistochemical VEGF expression as an
important factor to access cellular elements of defense.

Although both studied factors are directly related to the
defensive process, it is indeed remarkable that the high-
grade intraepithelial lesions are those which most often
develop into invasive cancer. Thus, in spite of the
obtained results and the statistical significance, other
functional changes may be occurring to justify the cases
that evolve to invasion or post-treatment recurrence.

The methodological limitations of this study can not
define what these changes are. Therefore, it is necessary
to revise and extend these results from a functional point
of view. 

We observed that the immunoexpression of granzyme
B and VEGF increased in parallel to the severity of the
cervical intraepithelial lesion, confirming the hypothesis
that granzyme B and VEGF can be used as prognostic
markers of remission and persistence or development of
pre-neoplastic lesions, and that they are important indica-
tors of survival and therapeutic response.

References
[1] Hildesheim A., Schiffman M.H., Gravitt P.E., Glass A.G., Greer

C.E., Zhang T. et al.: “Persistence of type-specific human papillo-
mavirus infection among cytologically normal women”. J. Infec.
Dis., 1994, 169, 235.

[2] Blink E.J., Trapani J.A., Jans D.A.: “Perforin-dependent nuclear
targeting of granzymes: A central role in the nuclear events of
granule-exocytosis-mediated apoptosis?”. Immunol. Cell Biol.,
1999, 77, 206.

[3] Heusel J.W., Wesselschmidt R.L., Shresta S., Russell J.H., Ley
T.J.: “Cytotoxic lymphocytes require granzyme B for the rapid
induction of DNA fragmentation and apoptosis in allogeneic target
cells”. Cell, 1994, 76, 977.

[4] Shafer-Weaver K., Rosenberg S., Strobl S., Gregory A.W., Baseler
M., Malyguine A.: “Application of granzyme B ELISPOT assay for
monitoring cancer vaccine trials”. J. Immunother., 2006, 29, 328.

[5] Abufalia O., Triest W.E., Sherer D.M.: “Angiogenesis in malig-
nancies of the female genital tract”. Gynecol. Oncol., 1999, 72,
220.

[6] Clere N., Bermont L., Fauconnet S., Lascombe I., Saunier M., Vet-
toreti L. et al.: “The human papillomavirus type 18 E6 oncopro-
tein induces vascular endothelial growth factor 121 (VEGF 121)
transcription from the promoter through a p53- independent mech-
anism”. Exp. Cell Res., 2007, 313, 3239.

[7] Dobbs S.P., Hewett P.W., Johnson I.R., Carmichael J., Murray
J.C.: “Angiogenesis is associated with vascular endothelial growth
factor expression in cervical intraepithelial neoplasia”. Br. J.
Cancer, 1997, 76, 1410.

[8] Obermair A., Bancher-Todesca D., Bilgi S., Kaider A., Kohld-
berger P., Müllauer-Erl S. et al.: “Correlation of vascular endothe-
lial growth factor expression and microvessel density in cervical
intraepithelial neoplasia”. J. Nat. Cancer Inst., 1997, 89, 1212.

[9] Baritaki S., Sifakis S., Huerta-Yepez S., Neonakis I.K., Soufla G.,
Bonavida B. et al.: “Overexpression of VEGF and TGF-beta 1
mRNA in Pap smear correlates with progression of cervical
intraepithelial neoplasia to cancer: implication of YY1 in cervical
tumorigenesis and HPV infection”. Int. J. Oncol., 2007, 31, 69.

[10] Bontkes H.J., Gruijl T.D., Walboomers J.M.M., van den Muysen-
berg A.J.C., Gunther A.W., Scheper R.J., Meijer C.J.L.M.,
Kummer: “Assessment of cytotoxic T-lymphocyte phenotype
using the specific markers granzyme B and TIA-1 in cervical neo-
plastic lesions”. Br. J. Cancer, 1997, 76, 1353.

[11] Loeb C.R., Harris J.L., Craik C.S.: “Granzyme B proteolyses
receptors important to proliferation and survival, tipping the
balance toward apoptosis”. J. Biol. Chem., 2006, 281, 28326.

[12] Tjalma W., Weyler J., Weyn B., van Marck E., van Daele A., van
Dam P. et al.: “The association between vascular endothelial
growth factor, microvessel density and clinicopathological fea-
tures in invasive cervical cancer”. Eur. J. Obstet. Gynecol. Reprod.
Biol., 2000, 92, 251.

Address reprint requests to:
P.N. BELFORT-MATTOS, M.D.
Av Guilherme Dumont Villares
1230, conjunto 75, São Paulo
São Paulo, SP (Brazil) CEP: 05640-002
e-mail: patynapoli@hotmail.com


