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Human papillomavirus (HPV) is able to inhibit the secretion of gamma interferon (IFN-�) and the expression of some immune
innate cell receptors. Immunoglobulin-like transcript 2 (ILT2) is a regulatory receptor that seems to participate in the pathogen-
esis of viral infections. We have studied the expression and function of ILT2 and the expression of other NK cell receptors in 23
healthy women before and after immunization with the quadrivalent HPV (type 6/11/16/18) vaccine (Gardasil). Receptor expres-
sion was analyzed by flow cytometry in freshly isolated peripheral blood mononuclear cells as well as after in vitro stimulation
with the quadrivalent HPV (type 6/11/16/18) vaccine. In addition, the regulatory function of ILT2 on cell proliferation and
IFN-� production was analyzed. We found a significant increase in the expression of ILT2 by NK and CD3� CD56� lymphocytes
and monocytes after quadrivalent HPV (type 6/11/16/18) vaccine immunization. In addition, the in vitro stimulation with the
quadrivalent HPV (type 6/11/16/18) vaccine also increased the proportion of CD3� CD56� ILT2� NK cells. Although the inhibi-
tory function of ILT2 on cell proliferation was enhanced after HPV immunization, the in vitro engagement of this receptor did
not affect the synthesis of IFN-� induced by HPV. Finally, a significant increase in the expression of NKG2D, NKp30, and NKp46
by NK and CD3� CD56� lymphocytes was detected after quadrivalent HPV (type 6/11/16/18) vaccine immunization. Our data
indicate that HPV immunization is associated with significant changes in the expression and function of different innate im-
mune receptors, including ILT2, which may participate in the protective effect of HPV vaccines.

Cervical cancer is the second cause of mortality in women
worldwide, and 98% of these cases are associated with infec-

tion by human papillomavirus (HPV) (4). HPV infection preva-
lence is reported to be between 2 and 44% worldwide, but this
percentage increases up to 70% in sexually active women. How-
ever, only 10 to 25% of infected women develop cervical lesions
induced by HPV. In this regard, 90% of the women that acquire
the HPV will eliminate the virus in less than 3 years (24).

The immune response elicited by HPV includes the produc-
tion of specific antibodies as well as a cell-mediated response, with
activation of Th1 lymphocytes (21). The humoral immune re-
sponse is observed in approximately 50% of infected women, and
only 20 to 25% of them will have significant antibody titers 10
years after the infection. On the other hand, the cellular immune
response includes the activation of CD4� Th1 cells and CD8�

cytotoxic lymphocytes and the synthesis and release of proinflam-
matory cytokines such as interleukin-12 (IL-12), gamma inter-
feron (IFN-�), and tumor necrosis factor alpha (TNF-�) (6, 21).
In this regard, it has been reported that L1 and L2 capsid viral
proteins are immunogenic, and it is widely recognized that immu-
nization with these antigens confers effective protection against
HPV infection (25). However, HPV has different immune evasion
mechanisms, including its nonlytic effect and its episomal state in
the initial period of the infection (11, 29). In addition, HPV is able
to decrease the secretion of the chemokine IL-8 as well as to di-
minish the synthesis of IFN-� (12). Furthermore, it has been re-
ported that HPV infection is associated with a reduction in the
expression of different innate immune receptors, including Toll-
like receptor 9 (TLR9) (9), NKp30, NKp46, and NKG2D, dimin-
ishing the cytotoxic activity NK cells (2, 7). Finally, HPV is also
able to inhibit the expression of the zeta chain of T cell receptor

complex (CD247) and to induce the release of IL-10, interfering
with the activation of Th1 lymphocytes (27, 28).

Immunoglobulin-like transcript 2 (ILT2 or LILRB1/LIR1/
CD85j) is a negative regulatory receptor expressed by different
leukocyte subsets (16). This receptor binds to different HLA class
I molecules and the human cytomegalovirus (HCMV) UL18 pro-
tein (1, 18). ILT2 has a close relationship with the killer inhibitory
receptors (KIR) and exhibits cytoplasmic immunoreceptor ty-
rosine-based inhibitory motifs, which are able to recruit the
SHP-2 phosphatase, thus inhibiting T cell activation (20). ILT2 is
expressed by myeloid cells, mainly phagocytic and antigen-pre-
senting cells (monocytes, B lymphocytes, dendritic cells, and mac-
rophages). This receptor is also detected in a significant fraction of
NK cells and in 4 to 20% of T lymphocytes, mainly CD8� cells
(14).

Different studies have shown that the expression and function
of ILT2 are increased in HCMV infection, phenomena that could
contribute to the pathogenesis of disorders caused by this virus (8,
15). In addition, it has been reported that ILT2 may also partici-
pate in the pathogenesis of HIV infection, tuberculosis, and some
malignant conditions (13). However, the possible role of this re-
ceptor in HPV infection has not been described.

In this work, we analyzed different immune parameters in
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healthy volunteers before and after immunization with the quad-
rivalent HPV (type 6/11/16/18) vaccine (Gardasil). Thus, we have
analyzed the expression and function of ILT2 as well as the expres-
sion of other NK cell receptors (NKG2A, NKG2D, NKp30, and
NKp46) which seem to participate in the innate immune response
against different viruses (8, 15). We have found that HPV immu-
nization is associated with significant changes in the expression
and function of ILT2, the number of IFN-�-producing cells, and
an increase in the expression of activation receptors by NK and
CD3� CD56� cells.

MATERIALS AND METHODS
Patients and samples. Twenty-three healthy volunteers were included in
the study. All individuals were female, ranging in age from 14 to 34 years
(mean, 25.8 years), and no evidence of HPV infection was detected in any
of them. Immunization against HPV with the quadrivalent HPV (type
6/11/16/18) vaccine was performed according to the manufacturer’s in-
structions. No side effects of immunization were registered in any case.
Informed consent was obtained in writing from all volunteers, and this
study was done in accordance with the principles set out in the Declara-
tion of Helsinki.

Peripheral blood samples were obtained before immunization (first
sample, time zero [T0]) and 15 days after the administration of the first
and third doses of the quadrivalent HPV (type 6/11/16/18) vaccine (days
15 and 195; designated T1 and T2 samples).

Cells. Peripheral blood mononuclear cells (PBMCs) were isolated by
Ficoll-Hypaque (Sigma Chemical Co., St. Louis, MO) gradient centrifu-
gation. Cells were suspended in RPMI 1640 culture medium (HyClone,
Logan, UT), supplemented with 10% fetal bovine serum (HyClone), 2.0
mM glutamine, 100 IU/ml penicillin, and 100 �g/ml streptomycin
(Sigma).

Antibodies. The following monoclonal antibodies (MAbs) were em-
ployed: anti-CD4, anti-CD8, anti-CD19, anti-CD56, and anti-CD14, all
conjugated with phycoerythrin (PE) (eBioscience, San Diego, CA). An
anti-CD3-peridinin chlorophyll protein (PerCP) MAb was purchased
from BD Biosciences (San Jose, CA), and the ILT2 receptor was analyzed
with a biotinylated MAb (R&D Systems, Minneapolis, MN) and strepta-
vidin conjugated with fluorescein isothiocyanate (FITC) (Sigma). For the
analysis of expression of NK cell receptors, anti-CD3-PerCP, anti-CD56-
allophycocyanin (APC), and anti-NKG2A, anti-NKG2D, anti-NKp30,
and anti-NKp46 labeled with PE were employed (R&D Systems).

Flow cytometry analysis. Cells were first immunostained with the
biotinylated anti-ILT2 MAb, followed by incubation with streptavidin-
FITC. Then, the cells were incubated with the antibody indicated in the
figures for 20 min at 4°C in darkness. Cells were analyzed in a FACSCali-
bur flow cytometer (Becton, Dickinson, San Jose, CA), using CellQuest
software (Becton, Dickinson).

For the analysis of the NK cell repertoire receptors, three-color flow
cytometry analysis was performed by labeling with the anti-CD56-APC
and anti-CD3-PerCp MAbs. Then, samples were washed and incubated
with the anti-NKp30, anti-NKp46, anti-NKG2A, and anti-NKG2D la-
beled with PE. Finally, cells were washed with phosphate-buffered saline
(PBS) with 2% fetal bovine serum and fixed in 1% paraformaldehyde.
Cells were analyzed in a FACSAria flow cytometer (Becton, Dickinson),
using FACSDiva software (Becton, Dickinson).

Inhibition of cell proliferation assays. PBMCs (1 � 106) were loaded
with 0.5 mM carboxyfluorescein succinimidyl ester (CFSE) and incubated
for 72 or 96 h under standard conditions (with 5% CO2 at 37°C and 100%
humidity) in the presence and absence of a mixture of anti-CD3 and
anti-CD28 MAbs (10 �g/ml; Immunotech, Marseille, France) and with or
without the addition of 2 �g/ml of an agonistic anti-ILT2 MAb (HP-F1;
BioLegend, San Diego, CA) plus a cross-linker antibody (4.0 �g/ml rabbit
anti-mouse IgG; Sigma-Aldrich). After incubation, cells were washed, and
the proportion of divided cells (cells in which the CFSE was diluted during
mitosis and that therefore show diminished fluorescence emission) was

determined by flow cytometry analysis (FACSCalibur flow cytometer).
Results are expressed as the percentage of divided cells.

Cell cycle analysis. Cell cycle analysis was performed by a DNA con-
tent assay by using propidium iodide staining and flow cytometry. PBMCs
(1 � 106 poured in 48-well flat bottom plates) were cultured for 72 hours
in the presence of two different mixtures of L1 protein from the quadri-
valent HPV (type 6/11/16/18) vaccine 10 ng/ml of HPV-6 and -18 and 20
ng/ml of HPV-11 and -16, or 20 ng/ml of HPV-6 and -18 and 40 ng/ml of
HPV-11 and -16. Then, cells were harvested and incubated with a staining
buffer (30 mg/ml propidium iodide, 0.5 mg/ml RNase, and 1.0% Triton
X-100 [all from Sigma-Aldrich]) for 30 min at 4°C and analyzed in a
FACSCalibur flow cytometer. Results were expressed as the percentage of cell
nuclei in the S, G2, and M phases of cell cycle.

Cytokine production assays. Supernatants from the different culture
conditions were collected, and the concentrations of IL-10 were deter-
mined by enzyme-linked immunosorbent assay ([ELISA] BD OptEIA; BD
Biosciences-Pharmingen, San Jose, CA), according to the manufacturer’s
instructions.

For enzyme-linked immunosorbent spot (ELISPOT) assays, PBMCs
(2 � 105) were stimulated with the quadrivalent HPV (type 6/11/16/18)
vaccine and cultured for 48 h in the presence and absence of the HP-F1
anti-ILT2 MAb plus a cross-linker antibody. Then, the number of IFN-�-
producing cells was determined by using a Mabtech ELISpot kit (Stock-
holm, Sweden) according to the manufacturer’s recommendations. Fi-
nally, the plates were read in a StereoZoom SZ-4 stereomicroscope (Leica,
Wetzlar, Germany) with a 30� objective.

Statistical analysis. Results are represented as the arithmetic mean �
standard deviation (SD). Statistical analysis was made as indicated in each
figure legend. A P value of �0.05 was considered significant. The statisti-
cal analysis was performed using GraphPad Prism, version 4.0, or Graph-
Pad InStat, version 3, software (GraphPad Software, San Diego, CA).

RESULTS
Expression of immune innate receptors by PBMCs. We first ex-
plored the expression of ILT2 by different leukocyte subsets before
and after quadrivalent HPV (type 6/11/16/18) vaccine immuniza-
tion and stimulated in vitro or not with virus-like particles (VLPs)
from this vaccine. We found that the expression of ILT2 (percent-
age of positive cells) by CD8� cells diminished after quadrivalent
HPV (type 6/11/16/18) vaccine immunization (P � 0.01) (Fig. 1A
and B, filled bars). In contrast, the expression of this regulatory
receptor by NK (CD3� CD56�) and NKT (CD3� CD56�) lym-
phocytes and monocytes (CD14�) was significantly increased af-
ter HPV immunization (P � 0.05 in all cases) (Fig. 1C, D, and E,
filled bars). Although the expression of ILT2 by CD4� lympho-
cytes tended to diminish after immunization, no significant dif-
ferences were detected, and in the case of CD19� B cells, no
apparent differences in ILT2 expression were detected (Fig. 1E
and G). In addition, when PBMCs were stimulated in vitro with
the quadrivalent HPV (type 6/11/16/18) vaccine, we found that
the percentage of CD8� cells expressing ILT2 diminished after the
administration of the HPV vaccine (P � 0.05) (Fig. 1A, empty
bars). In contrast, the percentage of ILT2-positive (ILT2�) cells
into the NK and CD3� CD56� lymphocyte subsets increased
upon in vitro stimulation after immunization (Fig. 1C and D,
empty bars), with no significant differences in the case of B and
CD4� lymphocytes and monocytes (Fig. 1E to G, empty bars).

When the mean fluorescence intensity (MFI) of ILT2 expres-
sion was analyzed, we detected a significant increase of this param-
eter upon HPV immunization in the CD4�, CD8�, CD19�,
CD14�, NK, and CD3� CD56� cell subsets (P � 0.05 in all cases)
(Fig. 2, filled bars). Similar results were obtained when PBMCs
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were stimulated in vitro with the quadrivalent HPV (type 6/11/16/
18) vaccine (P � 0.05) (Fig. 2, empty bars).

We also assessed the possible effect of quadrivalent HPV (type
6/11/16/18) vaccine immunization on the expression of other im-
mune innate receptors, including the inhibitory receptor NKG2A
(which is associated with CD94) and the stimulatory receptors
NKG2D, NKp30 (which interacts with viral and endogenous pro-
teins), and NKp46 (which interacts with the hemagglutinin of
influenza virus). We found that quadrivalent HPV (type 6/11/16/
18) vaccine administration was associated with a significant in-
crease in the percentage of NK cells expressing the four receptors
that were tested (P � 0.05 in all cases) (Fig. 3A to D). Similar
results were found in the case of CD3� CD56� lymphocytes (Fig.
3E and F). These results were also associated with a significant

increase in the density (MFI) of NKG2D, NKp30, and NKp46
molecule expression by NK cells (P � 0.05 in all cases) (Fig. 3G to
I). However, CD3� CD56� cells did not show significant varia-
tions in the level of expression of the four receptors studied (data
not shown). Finally, it is important to mention that we did not
observe significant variations in the proportion of CD3� CD56�

or CD3� CD56� cells in the three samples obtained during the
study.

Functional assays. We then studied the function of ILT2 be-
fore and after quadrivalent HPV (type 6/11/16/18) vaccine immu-
nization through an assay of inhibition of cell proliferation by
using CFSE labeling and flow cytometry analysis. As shown in Fig.
4A and B, a significant reduction in the cell proliferation induced
by the quadrivalent HPV (type 6/11/16/18) vaccine was observed

FIG 1 Expression of ILT2 after HPV immunization. The percentage of ILT2� cells in different leukocyte subsets of PBMCs was determined by flow cytometry
in 23 healthy volunteers before (T0) and 15 days after the first (T1, day 15) and third (T2, day 195) quadrivalent HPV (type 6/11/16/18) vaccine doses. (A) Flow
cytometry histograms of ILT2 expression by CD8� lymphocytes at T0 (upper panel) and T2 (lower panel) of quadrivalent HPV (type 6/11/16/18) vaccine
immunization. Data from a representative individual are shown. The thick lines correspond to cells stained with the anti-ILT2 MAb, and thin lines correspond
to cells incubated with an isotype-matched MAb. (B to G) Expression levels of ILT2 by the indicated subsets of PBMCs are shown as the arithmetic mean and SD
of the percentage of positive cells in nonstimulated cells and cells stimulated in vitro for 72 h with HPV (a mixture of 10 ng/ml of L1 protein of HPV-6 and -18
and 20 ng/ml of HPV-11 and -16 from the Gardasil vaccine). *, P � 0.05; **, P � 0.01; ***, P � 0.001 (two-way repeated measures analysis of variance).
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FIG 2 Level of expression of ILT2 in different leukocyte subsets of PBMCs after HPV immunization. The MFI of ILT2 expression in different subsets of PBMCs
was determined by flow cytometry in 23 healthy volunteers before (T0) and 15 days after the first (T1, day 15) and third (T2, day 195) quadrivalent HPV (type
6/11/16/18) vaccine doses. Panels show the MFIs of ILT2 expression in CD8� lymphocytes (A), CD4� cells (B), NK (CD3� CD56�) cells (C), CD3� CD56� cells
(D), B cells (CD19�) (E), and monocytes (CD14�) (F). Cells were stimulated in vitro for 72 h with the quadrivalent HPV (type 6/11/16/18) vaccine (10 ng/ml of
L1 protein of HPV-6 and -18 and 20 ng/ml of HPV-11 and -16). Data correspond to the arithmetic mean and SD. *, P � 0.05; **, P � 0.01; ***, P � 0.001
(two-way repeated measures analysis of variance).
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when PBMCs were incubated in the presence of an agonistic anti-
ILT2 MAb. In addition, an enhanced inhibitory function of ILT2
after quadrivalent HPV (type 6/11/16/18) vaccine administration
was detected in both CFSE and DNA content analysis (P � 0.05 in
both cases) (Fig. 4A and B, empty bars, and C).

Additional functional assays of cytokine synthesis showed that
the number of IFN-�-producing lymphocytes tended to increase
upon quadrivalent HPV (type 6/11/16/18) vaccine administration
(Fig. 5, black bars). Furthermore, when cells were stimulated in
vitro with the quadrivalent HPV (type 6/11/16/18) vaccine, we
detected a significant increase in the number of cells synthesizing
IFN-� (Fig. 5, empty bars). Additional experiments indicated that
CD56� lymphocytes were the main source of IFN-� synthesis in
these assays (data not shown). However, when these cells were
simultaneously stimulated through ILT2 (with the agonistic
HP-F1 MAb plus a cross-linker antibody), no significant inhibi-
tion of IFN-� production was detected (Fig. 5, gray bars).

When the production of IL-10 was analyzed, we detected a
significant reduction in the release of this cytokine when cells were
incubated in the presence of the quadrivalent HPV (type 6/11/16/
18) vaccine and an agonistic anti-ILT2 MAb (P � 0.05) (data not
shown). However, the biological consequences of these variations
may not be significant due to the small reduction in concentration
(approximately 2 pg/ml) (data not shown).

DISCUSSION

Cervical cancer affects approximately 500,000 women each year,
and almost all cases are associated with HPV infection (4). The
immune response elicited by HPV includes the production of spe-
cific antibodies as well as a cell-mediated response. However, per-
sistent HPV infection occurs in 10 to 20% of infected individuals
due to a series of immune evasion mechanisms (24). Although
HPV infects basal keratinocytes, high-level viral protein expres-
sion and viral assembly are usually limited to the upper layers of

FIG 3 Analysis of expression of NK cell receptors after HPV immunization. (A to F) PBMCs from 23 healthy volunteers were obtained before (T0) and 15 days
after the first (T1, day 15) and third (T2, day 195) quadrivalent HPV (type 6/11/16/18) vaccine doses. These cells were immunostained with anti-CD3, -CD56,
and the indicated MAbs, and the percentage of positive cells was analyzed by flow cytometry. Data correspond to the expression of the indicated antigens in CD3�

CD56� or CD3� CD56� cells. (G to I) MFI of expression of the indicated receptors by NK cells (CD3� CD56�) in PBMCs from the same individual whose data
are reflected in panels A to F. Data correspond to the arithmetic mean and SD. *, P � 0.05; **, P � 0.01; ***, P � 0.001 (one-way repeated measures analysis of
variance).
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epithelia, thus avoiding contact with cells of the immune system,
such as Langerhans cells. In addition, assembly of HPV virions or
self-assembly of L1 into VLPs is required for efficient production
of L1-specific IgG1 and IgG2 antibodies (25, 29). Thus, HPV-
specific antibodies are not detected in a large proportion of in-
fected individuals. Nevertheless, clearance of HPV is accompanied
by antibody production directed against L1 antigen, and passive
transfer of specific antibodies in animal models has been shown to
confer immunity against infection (25). Likewise, the protection
against HPV induced by the L1 vaccine is associated with produc-
tion of antibodies specific for this antigen (24). On the other hand,
cell-mediated immunity also has a relevant role in the control of
HPV infection. Thus, the development of an immune response
mediated by CD4� Th1 lymphocytes has been associated with
regression of ano-genital warts (21). In addition, the increased
frequency of cervical cancer in patients with altered CD4� cells
highlights the importance of this cell population in the control of
HPV infection (23).

Evasion of the innate immune system is thought to play a key
role in the ability of HPV to cause persistent infection. This is
reflected in the absence of an inflammatory response to the virus,
as well as downregulation of interferon release (12). In addition,
several studies have suggested that evasion of NK cell activity may
play a role in the development of cervical cancer (3, 7, 21, 27). In
this regard, Carrington et al. found that the presence of the
KIR3DS1 gene is a risk factor for developing cervical cancer (3). In
addition, a reduction in the expression of NKp30, NKp46, and
NKG2D by NK cells of women with cervical cancer has been re-
ported (2, 7). It has also been shown that HPV E6 and E7 proteins
interfere with the binding of IL-18 to its receptor, resulting in a
reduction in IFN-� production by NK cells (12). Furthermore, in
different malignant tumors the expression of HLA-G, which in-

teracts with the inhibitory receptors ILT2, ILT4, and KIR2DL4,
has been detected, and this has been suggested as a mechanism
leading to evasion of NK cell activity (22). In this regard, increased
expression of HLA-G in patients with cervical malignancies has
been reported (30) as well as reduced synthesis of some activating
ligands for NK cell receptors (26). Altogether, these studies sug-
gest that modulation of the expression of NK receptors and their
ligands affects the immune response to HPV. However, the precise
role of different NK cell receptors in this context has not been fully
defined. Furthermore, there is little information regarding the re-
sponse of NK cells to HPV vaccination.

In this study, we have detected increased expression of
NKG2A, NKG2D, NKp30, and NKp46 by NK cells and of ILT2 by
monocytes, NK, and CD3� CD56� lymphocytes after HPV vac-
cination. In addition, an increase in the density of expression
(MFI) of ILT2, NKG2D, NKp30, and NKp36 was also observed.
ILT2 is a negative regulatory receptor that has been shown to
participate in the immunopathogenesis of several autoimmune
diseases (5, 14). Furthermore, an increase in the expression of this
receptor by NK and T lymphocytes has been shown in association
with HCMV infection (8, 15). Although the precise role of ILT2
under this condition has not been fully elucidated, it is very feasi-
ble that increased expression of this receptor may contribute to
downregulating the immune response against HCMV. In this re-
gard, it has been reported that cytotoxic T cells may express ILT2
and that this receptor modulates their lytic activity (10, 13). Thus,
our data showing an increase in the expression and function of
ILT2 after quadrivalent HPV (type 6/11/16/18) vaccine immuni-
zation strongly suggest that this receptor may also have a relevant
role in the modulation of the innate and adaptive immune re-
sponses against HPV. Interestingly, we have observed that the en-
hanced synthesis of IFN-� observed in vitro upon quadrivalent
HPV (type 6/11/16/18) vaccine immunization is not affected by
ILT2 engagement, indicating that the regulatory effect of this re-
ceptor is not exerted on all immune parameters that are relevant in
the response to HPV. In this regard, it has been recently reported

FIG 5 Analysis of IFN-� release after HPV immunization. PBMCs from 23
healthy volunteers were obtained before (T0) and 15 days after the first (T1,
day 15) and third (T2, day 195) quadrivalent HPV (type 6/11/16/18) vaccine
doses. Cells were stimulated (empty bars) or not (black bars) with the quadri-
valent HPV (type 6/11/16/18) vaccine for 72 h, in the presence or absence of an
agonistic anti-ILT2 antibody, and the number of IFN-�-producing cells was
analyzed by an ELISPOT assay. Data correspond to the arithmetic mean and
SD. ***, P � 0.001 (two-way analysis of variance); ns, nonsignificant.

FIG 4 Regulatory function of ILT2 after HPV immunization. (A) PBMCs
from 23 healthy volunteers were obtained before (T0) and 15 days after the first
(T1, day 15) and third (T2, day 195) quadrivalent HPV (type 6/11/16/18)
vaccine doses. Cells were loaded with CFSE and incubated for 72 h in the
presence of the quadrivalent HPV (type 6/11/16/18) vaccine and with the
addition (empty bars) or not (black bars) of the agonistic HP-F1 anti-ILT2 or
an isotype-matched MAb (gray bars). Then, the percentage of divided cells was
determined by flow cytometry analysis, as stated in Materials and Methods.
Data correspond to the arithmetic mean and SD. *, P � 0.05, two-way repeated
measures analysis of variance. (B) PBMCs from the same individuals whose
data are represented in panel A were incubated for 72 h in the presence of
quadrivalent HPV (type 6/11/16/18) vaccine and with the addition (empty
bars) or not (black bars) of the agonistic HP-F1 anti-ILT2 or an isotype-
matched MAb (gray bars). Then, cell nuclei were stained with propidium
iodide and analyzed for DNA content by flow cytometry. Data correspond to
the arithmetic mean and SD. *, P � 0.05, two-way repeated measures analysis
of variance.
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that NK cells exposed to HPV VLPs show increased cytotoxic ac-
tivity and cytokine production (including IFN-�) (19). Therefore,
it is possible that the enhanced production of IFN-� observed by
us upon HPV immunization could be related to the increased
expression of activating receptors by NK cells and to a lack of a
regulatory effect mediated by ILT2 on this immune parameter. In
this regard, the possible effect of quadrivalent HPV (type 6/11/16/
18) vaccine immunization on the cytotoxic activity of NK lym-
phocytes remains an interesting point to be addressed.

Interestingly, we have observed that while the proportion of
CD8� lymphocytes that expressed ILT2 decreased after immuni-
zation, there was an increase in the density (MFI) of this receptor
in these cells. Although the underlying mechanism for this appar-
ent paradoxical effect remains to be determined, our data suggest
that in the fraction of CD8� cells that remain ILT2 positive after
quadrivalent HPV (type 6/11/16/18) vaccine immunization, the
enhanced density of this receptor may exert an increased regula-
tory effect.

The in vitro effect of the quadrivalent HPV (type 6/11/16/18)
vaccine on the expression of ILT2 by NK cells after HPV immu-
nization is of interest. It is feasible that the induction of ILT2
expression by quadrivalent HPV (type 6/11/16/18) vaccine in
these cells observed by us corresponds to the memory-like phe-
nomenon described under different circumstances for NK lym-
phocytes (17). However, it is also possible that this induction is
mediated by cytokines released by T cells. Finally, the adjuvant
contained in the vaccine (aluminum) might also contribute to the
induction of ILT2.

Overall, the profile of NK receptors displayed by NK cells after
immunization differs significantly from changes observed in asso-
ciation with persistent HPV infection and cervical cancer (7). This
may reflect differences in the route of antigen exposure, an effect
produced by the combination of antigen and adjuvant contained
in the vaccine, the absence of the effects produced by HPV-E6 and
�E7, or genetic host-related factors.

In summary, our observations indicate that HPV immuniza-
tion is associated with significant changes in the expression and
function of immune innate and regulatory receptors, phenomena
that may contribute to the protective effect of this vaccine.
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