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transporter associated with antigen presentation (TAP-1) is
essential in assembling MHC-I proteins in the endoplasmic
reticulum (12). TAP proteins facilitate the entry of viral peptides into the rough endoplasmic reticulum, making these peptides available to be complexed with MHC-I molecules (7).
Binding of the viral peptide to the MHC-I molecule is then
associated with binding and release of a series of calcium
binding proteins, including calnexin, calreticulin, and tapasin
(23). These proteins function as chaperones for the proper
assembly and transport of MHC-I–peptide complex to the cell
surface for CD8⫹-T-cell recognition and destruction.
Many viruses evade immune system recognition through interference with MHC assembly. Some adenoviruses produce a
protein that directly binds MHC-I antigen, trapping it in the
endoplasmic reticulum (2). Herpes virus produces a protein,
ICP47, that blocks transport of viral peptides into the endoplasmic reticulum (9, 14). Cytomegalovirus also blocks peptide
transport by producing a protein, US6, that blocks TAP-1 (13,
17). Cromme et al. (4) were the first to identify a similar
mechanism for immune evasion in malignancies induced by
HPV, with decreased TAP-1 and MHC-I protein in HPV-16and HPV-18-infected carcinomas of the cervix. They further
showed that regulation of MHC-I antigen was posttranslationally controlled in these tumor cells (5).
We have now observed a concomitant decrease in the expression of both TAP-1 and MHC-I antigen in benign papillomas infected with HPV-6 or -11 from patients with RRP.
This decrease is apparent in both tissue biopsies and cultured
cells from primary explants. More significantly, the amount of
TAP-1 protein expression correlated inversely with the frequency of disease recurrence. These findings suggest that, in
part, HPV-6 and -11 may evade T-cell recognition and killing

Recurrent respiratory papillomatosis (RRP) is a disease of
viral origin caused by human papillomavirus type 6 or 11
(HPV-6 or -11) (10). The disease is characterized by periods of
recurrent growth of benign warty lesions of the mucosal surfaces of the upper airway interspersed in some patients with
variable periods of disease remission. The mainstay of treatment has been repeated surgical excision during periods of
prolific growth. Latent HPV infection is widespread in the
respiratory mucosa of patients with RRP (24), and complete
eradication of HPV is rare, possibly because of a defect in the
host cell-mediated immune response. We have detected low
levels of HPV transcripts even during disease remission (19).
In addition, we have previously shown that class I major histocompatibility complex (MHC-I) antigen can be variably
down-regulated in RRP (1), which is consistent with reports of
MHC-I antigen down-regulation in cervical cancers caused by
associated HPV-16 and -18 (4). Therefore, one mechanism
used by HPV to evade immune detection by HPV-specific
cytotoxic T cells (CTC) is to down-regulate MHC-I expression
on HPV-infected cells. Our hypothesis was that one or more
factors were causing the down-regulation of MHC-I antigen.
We proposed to determine whether TAP-1 expression is downregulated in laryngeal papillomas, whether it was related to an
MHC-I antigen down-regulation, and whether the down-regulation of TAP-1 was clinically significant.
For effective antigen presentation to occur in a virus-infected cell, a complex cascade of events must take place. The
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Recurrent respiratory papillomatosis (RRP) is an insidious disease caused by human papillomavirus (HPV)
infection. It is characterized by a variable clinical course that can include frequent disease recurrence,
significant morbidity, and occasional mortality. The mechanisms responsible for the variability in the clinical
course and the persistence of latent HPV infection remain unknown. Effective T-cell-mediated clearance of
HPV-infected cells may be defective in patients with RRP, leading to recurrent disease and failure to suppress
latent HPV reactivation. This study describes the down-regulation of the transporter associated with antigen
presentation (TAP-1) and the major histocompatibility complex (MHC) class I protein expression in laryngeal
papilloma tissue biopsies and cell culture of primary explants. There was a statistically significant correlation
between reduction of TAP-1 expression in biopsy tissues and rapid recurrence of disease. Patients with RRP
had less frequent recurrence if their papillomas expressed TAP-1 at levels close to that of normal tissue,
compared with those with very low expression of TAP-1, who had frequent recurrence (32 versus 5 weeks to the
next surgical intervention). These findings suggest that HPV may evade immune recognition by down-regulating class I MHC cell surface expression via decreased TAP-1 levels. Expression of TAP-1 could be used for
prognostic evaluation of disease severity. Gamma interferon was able to restore class I MHC expression at the
surfaces of laryngeal papilloma cells in culture. This up-regulation of class I MHC antigen at the cell surface
potentially allows the infected cell to become a target for the immune system again. This finding provides some
promise for nonsurgical treatment of laryngeal papillomas.
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of infected cells by decreasing the surface MHC-I complex
through modulation of TAP-1.
MATERIALS AND METHODS

RESULTS
TAP-1 and MHC-I are co-down-regulated in laryngeal papilloma tissue. We first asked whether laryngeal papillomas and
normal tissues expressed different levels of TAP-1 protein and
whether down-regulation of TAP-1 correlated with reduced
MHC-I. Figure 1 depicts the contrast in expression of TAP-1
and MHC-I between cryopreserved normal and papilloma tissues. The staining pattern of TAP-1 and MHC-I colocalized to
the same cells, with TAP-1 perinuclear and MHC-I on the cell
surface. However, expression in papilloma tissue was markedly
less than in normal tissue. In different papilloma specimens,
the staining intensities for both proteins varied somewhat, but
they were always much less than in normal tissues. Staining of
papillomas for TAP-1 was most detectable in the basal and
suprabasal layers in both cryopreserved and paraffin-embedded tissues. HPV expression is very low in the basal layer and
increases as the cells differentiate (15, 25). Thus, our staining
was consistent with an inverse relationship to HPV expression.
The observed, decreased TAP-1 expression is not a result of
transcriptional regulation, as there was no difference between
TAP-1 transcripts in normal and papilloma tissues or cultured
cells by semiquantitative reverse transcription-PCR (data not
shown).
TAP-1 expression by papillomas: correlation with relapse
frequency. We then asked whether there was a correlation
between the clinical course and the level of TAP-1 staining
(Fig. 2). Ten papilloma specimens and six normal paraffinembedded tissues were analyzed for TAP-1 staining intensity,
and the results were compared to the intervals to the next
required surgeries. Those patients with papillomas who had
high TAP-1 expression (n ⫽ 6) had a significantly longer interval between surgical interventions (mean, 31.7 ⫾ 6.0 weeks)
than patients (n ⫽ 4) with low levels of TAP-1 (mean, 4.75 ⫾
0.6 weeks). This difference was significant (P ⫽ 0.0095). Therefore, increased TAP-1 expression by papillomas directly correlated with a longer disease-free interval in these patients,
suggesting that TAP-1 expression is protective. The total T-cell
presence was very low in all papilloma tissues, consistent with
the studies of frozen sections, and did not correlate with the
recurrence rate (data not shown).
TAP-1 and MHC-I expression in cultured papilloma cells.
In order to study factors that could potentially up-regulate
TAP-1 and MHC-I, we first needed confirmation that the culture conditions for papillomas and normal laryngeal keratinocytes produced results similar to those of tissue samples with
respect to TAP-1 and MHC-I quantity and distribution. We
used primary cells derived from both laryngeal papillomas and
normal laryngeal epithelium to evaluate intracellular distribution. The cells were cultured in low-calcium serum-free medium, which maintains a basal cell phenotype for keratinocytes
(20). We have previously shown that HPV is expressed in these
cells (6). Immunostaining of cultured cells for TAP-1 (Fig. 3)
was consistent with tissue results: down-regulation in papilloma cells compared with normal cells. Cellular distribution of
TAP-1 between papilloma and normal cells was similar, demonstrating cytoplasmic staining in both.
In contrast to the TAP-1 results, MHC-I expression in papillomas was not as expected (Fig. 4). Normal cells showed
strong staining that was quite diffuse over the surfaces of the
cells with some retention in the perinuclear region at low
calcium levels (Fig. 4A). Papilloma cells also showed significant staining at 0.15 mM calcium, though less than in normal
cells, primarily in a perinuclear distribution, suggesting that
MHC-I was in the endoplasmic reticulum and not at the cell
surface for antigen recognition (Fig. 4B). This did not entirely
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Patients. Biopsy samples from the laryngeal mucosal surfaces of papillomas
and from healthy patients who had undergone a single surgical laryngoscopy for
benign, HPV-negative lesions such as vocal cord nodules, vocal cord paralysis,
and subglottic stenosis were used in these studies. Biopsy samples from patients
with adult- and juvenile-onset recurrent papillomatosis were used. There was no
apparent correlation between age at disease onset and the data presented. The
intervals described define times to the next surgery. The time of next surgery was
determined by worsening patient symptoms (dysphonia or aphonia and respiratory distress) and airway obstruction as determined by office endoscopy.
Cell cultures. For each subset of cell culture experiments, a minimum of three
different papilloma and normal biopsy samples from six different patients were
used. Biopsy samples from normal laryngeal mucosa and papillomas were
minced and embedded in collagen gels containing type I collagen, Ham’s F-12
medium, and 10% fetal bovine serum and cultured for 2 weeks as previously
reported (24). The cells were then treated with collagenase, trypsinized, and
replated on coverslips at 105/16-mm-diameter well in keratinocyte growth medium (KGM) (Clonetics, Walkersville, Md.) with 0.15 mM calcium as previously
reported (27). When the cultured cells were near confluence, they were either
shifted to high-calcium KGM (1.0 mM) or maintained in the same low-calcium
KGM (0.15 mM) for an additional 72 h. The cells were routinely grown at 37°C.
For MHC-I stability experiments, the cells were plated and grown at 26 and 37°C
until confluence.
A subset of confluent cultured cells in either high- or low-calcium KGM were
treated with 1,000 U of gamma interferon (Sigma, St. Louis, Mo.)/ml for 48 h.
The cells were then immunostained.
Immunohistochemistry and immunofluorescence. Snap-frozen laryngeal papilloma tissues and normal laryngeal tissue were sectioned, incubated with either
polyclonal rabbit anti-human TAP-1 (a generous gift from H. L. Ploegh, Cambridge, Mass.) or monoclonal murine anti-human MHC-I (W6/32) antibody
(Vector, Burlingame, Calif.) for 60 min at room temperature. Bound antibody
was detected with the Vecastain horseradish peroxidase kit (Vector).
Sixteen paraffin-embedded archival specimens were deparaffinized by standard
techniques and stained with either polyclonal anti-TAP-1 or monoclonal antiCD3 antibodies. Immunohistochemical detection was done as for frozen sections, except that anti-MHC-I antibody could not be used on paraffin-embedded
sections. The patterns of expression and distribution of TAP-1 were identical in
paraffin embedded and frozen sections.
The cultured cells were permeabilized and fixed with a 30-s 1:1 acetonemethanol solution at ⫺20°C, washed in phosphate-buffered saline, and stained
with polyclonal immunoglobulin G (IgG) anti-TAP-1 antibodies, rabbit polyclonal IgG anti-calreticulin (Affinity Bioreagents, Golden, Colo.), or monoclonal
IgG anti-MHC-I antibody clone W6/32 (Vector) for 1 h at room temperature.
W6/32-bound antibody was detected with a fluorescein isothiocyanate-conjugated goat anti-mouse antibody. TAP-1- and calreticulin-bound antibodies were
detected with a tetramethyl rhodamine isocyanate-conjugated anti-rabbit antibody.
Correlation between TAP-1 and clinical course. Sixteen archival specimens
were used to correlate the TAP-1 staining intensity with disease status. Ten
biopsy samples of papilloma tissue were taken from patients with RRP who
varied in the frequency of recurrent disease. Six biopsy samples of normal
laryngeal tissue served as positive controls as defined above. The range of prior
surgeries was from 2 to 63 in patients with papillomas at the time of biopsy
analysis. Negative controls consisted of sections incubated with secondary antibody alone. A section of each tissue used in the experiment was routinely stained
with hematoxylin and eosin to confirm the histology. The TAP-1 cellular staining
intensity was scored blindly by two trained observers as normal/near normal,
referred to as “high,” or minimal staining, called “low.” Patients whose TAP
levels were in the high category had an average of 23 prior surgeries, whereas the
low-TAP group had 7 surgeries prior to the time of the present biopsy. The
average interval from previous surgery to the present surgery at which TAP levels
were evaluated was 8 weeks in the low-TAP group and 38 weeks in the high-TAP
group. The reviewers scored the slides independently and were in total (100%)
agreement in assignment of categories. All normal tissue had high staining (n ⫽
6), and some of the papillomas fit this category as well (n ⫽ 6). Following the
scoring, the clinical charts of the patients with papillomas were studied to determine the elapsed time between the surgery at which the analyzed biopsy
specimen was taken and the next required surgery to remove recurrent papillomas. The mean time to next surgery was determined for each staining category.
Statistical significance was determined by the nonparametric Mann-Whitney
two-tailed test. The results are expressed with their standard deviations. A
similar analysis of MHC-I was not possible as the anti-MHC-I W6/32 clone could
not be used for paraffin-embedded sections.
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agree with the observed results in tissue showing that MHC-I
was present at the cell surface in low abundance (Fig. 1).
Papilloma cells were cultured at 26 and 37°C to assess MHC-I
stability. There were no significant distribution changes at either temperature, suggesting the perinuclear clustering is not a
result of MHC-I instability. To determine whether calcium-

FIG. 2. Comparison of TAP-1 expression to clinical course. Archival tissue
blocks of papillomas and normal laryngeal tissue were sectioned, deparaffinized,
and immunostained with TAP-1 antibody. Two reviewers blinded to clinical data
independently scored the staining intensity as low or high. There was complete
agreement between the two reviewers. Low TAP-1 expression correlated with an
aggressive clinical course. The error bars indicate standard deviations.

induced differentiation would give a class I staining pattern
consistent with tissue biopsies, cultured cells were incubated in
1.0 mM calcium (Fig. 4C and D). Staining of the papilloma
cells (Fig. 4D) was as previously observed, with faint staining
compared to that of normal respiratory cells (Fig. 4C) and of
MHC-I staining located at the cell membrane. Increasing the
calcium concentration from 0.15 to 1.0 mM, which induces
cellular differentiation, also resulted in a decrease in the
amount of MHC-I in normal cells, thus more closely resembling the papilloma cells.
Calreticulin expression in cultured laryngeal papilloma
cells. Calreticulin, a calcium binding protein, is known to interact with TAP-1 and MHC-I in the binding of viral peptide in
a complex series of events. Since we had seen a calciumdependent change in MHC-I distribution, the expression and
distribution of this molecular chaperone was analyzed in papilloma cells and normal laryngeal cells (Fig. 5). Expression of
calreticulin was significantly more abundant in normal cells
than in papilloma cells. Additionally, normal laryngeal or papilloma cells cultured in high-calcium medium had a modest
increase in expression compared to cells cultured in low-calcium medium (Fig. 5C and D). There was no significant distribution change in papillomas compared with normal cells, as
expression was predominantly perinuclear in all cells.
Gamma interferon effect on cultured papilloma cells. Because of the paucity of MHC-I in laryngeal papillomas, we
asked if expression could be augmented. Treatment of papilloma and normal cells with gamma interferon increased
MHC-I expression (Fig. 6). Additionally, cell surface expres-
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FIG. 1. Expression of TAP-1 and MHC-I in papilloma and normal laryngeal tissue biopsy samples. Serial frozen sections of papilloma tissue (B and D) and normal
laryngeal mucosa (A and C) were immunostained for TAP-1 (A and B) and MHC-I (C and D) as described in Materials and Methods. Detection of bound antibody
was done with the Vecastain horseradish peroxidase kit. Both TAP-1 and MHC-I were markedly reduced in papilloma tissue. Magnification, ⫻162.
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sion in papillomas was restored with gamma interferon (Fig.
6B), while in its absence, MHC-I expression is predominantly
perinuclear (Fig. 4B). Treatment of normal laryngeal keratinocytes also increased MHC-I cell surface expression. The observed up-regulation of TAP-1 and MHC-I in normal and
papilloma cells with gamma interferon was transcriptional, as
determined by semiquantitative reverse transcription-PCR
(data not shown).

DISCUSSION
Most of our present knowledge concerning immune regulation and HPV infection is based on studies of other HPVassociated diseases, namely cervical carcinomas and cutaneous
warts. Unlike cervical carcinomas, which are associated with
HPV-16 and -18, respiratory papillomatosis is most commonly
associated with HPV-6 and -11, with low oncogenic potential.

FIG. 4. Expression of MHC-I in normal laryngeal and papilloma cells cultured in low- and high-calcium media. In order to determine if cellular differentiation has
an effect on MHC-I expression, primary cells were cultured in either low- or high-calcium medium to maintain a basal phenotype or to induce cellular differentiation.
Normal laryngeal cells (A and C) and papilloma cells (B and D), grown in 0.15 mM calcium (A and B) and 1 mM calcium (C and D), were stained for MHC-I. Detection
was done with a fluorescein-conjugated second antibody. In papilloma cells at low calcium levels, only faint perinuclear staining was seen, with no cell surface staining.
Magnification, ⫻408.
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FIG. 3. Expression of TAP-1 in normal laryngeal and papilloma cultured cells. To determine whether findings with cultured basal cells replicated those with tissue,
primary cells from surgical explants were used. Normal laryngeal mucosal cells cultured as described in Materials and Methods (A) and papilloma cells (B), grown in
0.15 mM calcium, were stained for TAP-1. A rhodamine-conjugated antibody was used for detection. Magnification, ⫻408.
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We previously reported that the global immune responsiveness
in terms of T- and B-cell populations and subsets and response
to other antigens of patients with RRP has been shown to be
normal (1). However, we noted that MHC-I expression by
papillomas is markedly decreased compared with that by normal respiratory epithelial tissue, although the down-regulation
is variable within a given papilloma (1). Our observation was
similar to that of others who showed a concomitant downregulation of MHC-I and TAP-1 expression in cervical carcinomas (5).
Loading of MHC-I molecules with peptides (in this case,
viral) involves a complex cascade of different protein interactions. Viral peptide is imported from the cytoplasm to the
endoplasmic reticulum by TAP, an ATP-dependent transporter (21). Once in the endoplasmic reticulum, in the presence of TAP, the viral peptide associates with MHC-I and
␤2-microglobulin in the presence of several calcium binding
proteins. Calnexin associates with the complex and drops off,
followed by the association of calreticulin and, subsequently,
tapasin (23). Once the peptide is properly loaded, MHC-I is
transported to the cell surface in a stable configuration for
antigen recognition. If MHC-I is not properly loaded with
peptide, it is retained in the endoplasmic reticulum. Calreticulin, a calcium binding protein, is a chaperone and is one of the
proteins responsible for the release of MHC-I molecules in the
endoplasmic reticulum for transport to the cell surface (23).
Unlike some of the other binding proteins, calreticulin maintains a stochiometric relationship with both TAP–MHC-I–tapasin complexes (11). The fact that both MHC-I and TAP-1

are reduced in laryngeal papillomas does not make the reduction in calreticulin surprising. Increasing the extracellular calcium concentration from 0.15 to 1 mM may modulate the
release of MHC-I from its associated calcium binding protein
and from the endoplasmic reticulum. However, even at this
higher calcium concentration, expression of MHC-I is still reduced in papillomas compared with that in normal keratinocytes.
The present experiments show a concomitant decrease in
the expression of TAP-1 and MHC-I in respiratory papillomas
compared with normal respiratory epithelial tissue, most
marked in the upper layers. The largest concentration of viral
transcripts was identified in the suprabasal layers (6). This
observation correlates well with the areas of the papilloma
tissue in which we have found the most decreased TAP-1
expression. Taken together, these observations suggest that
HPV may block TAP-1 expression and thereby decrease
MHC-I assembly and expression by limiting peptide entry into
the rough endoplasmic reticulum. It has yet to be determined
which viral protein(s) is responsible for this interaction.
We have also noted that within respiratory papillomas no
correlation could be made between the frequency of disease
recurrence and increased or decreased concentrations of total
T cells. The blood of patients with RRP did not show significant changes in the CD4⫹/CD8⫹-T-cell ratio (1), although a
reduced CD4⫹/CD8⫹ ratio has been reported in HPV-infected
patients with genital lesions (3).
Archival papillomas showed a correlation between the expression of TAP-1 and disease recurrence. Strong expression
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FIG. 5. Expression of calreticulin in normal laryngeal and papilloma cells cultured in low- and high-calcium media. Assembly of MHC-I requires the interaction
of several calcium binding proteins. Altering the calcium content did not significantly alter expression of calreticulin. Calreticulin expression was determined by
immunohistochemistry in normal (A and C) and papilloma (B and D) cells grown in 0.15 mM (A and B) and 1 mM (C and D) calcium. Calreticulin was detected by
a rhodamine-conjugated second antibody. Magnification, ⫻408.
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of TAP-1 could be associated with longer disease-free intervals; patients with near-normal tissue staining intensity for
TAP-1 had a significantly longer interval between surgical procedures, although no quantitative value could be assigned.
Although many have observed a down-regulation of MHC-I in
viral disease (4), these results directly suggest a clinical significance of reduced TAP-1, with a resultant decrease in surface
class I expression.
The decreased expression of TAP-1 is unlikely to be related
to the frequency of surgical trauma. Normal cells when grown
in culture develop a hyperproliferative phenotype, as in wound
healing (24). We found significant differences between papillomas and normal laryngeal cells in culture, suggesting that the
down-regulation of TAP-1 is not a wound-healing phenomenon. Additionally, the patients in the higher-TAP-expressing
group had more prior surgeries on average than low TAP
expressers.
Appropriate expression of MHC-I at the cell surface requires multiple factors to interact efficiently. At low calcium
concentrations, MHC-I in cultured papilloma cells was identified by predominantly perinuclear staining, suggesting that
molecules that react with W6/32 anti-MHC-I antibodies were
still in the endoplasmic reticulum. W6/32 recognizes MHC-I
molecules that are not complexed with TAP-1 proteins, suggesting that the clustering of perinuclear MHC molecules is
not likely to be associated with peptides for presentation (22).
A similar mechanism of viral evasion has been seen with herpes simplex. Herpes simplex virus creates the ICP47 protein
that binds to TAP-1, inhibiting peptide loading onto MHC-I.

MHC-I, in this disease, remains vacant and trapped in the
endoplasmic reticulum (9). At higher calcium concentrations,
there was expression as in normal cells, although greatly reduced in amount. This suggests that TAP-independent mechanisms for class I antigen expression may exist in these papillomas. Further studies are under way. Others have shown that
certain cell lines are still able to express MHC-I in the absence
of TAP-1 (28).
Gamma interferon is a known inducer of TAP-1 (17) and
consequently causes up-regulation of MHC-I. The mechanism
of gamma interferon induction is transcriptional (8). Treatment of cultured cells with gamma interferon produced an
expected up-regulation of TAP-1. The cellular distribution remained unchanged (data not shown). In cultured papilloma
cells and normal laryngeal cells, gamma interferon increased
and altered the localization of MHC-I, inducing cell surface
expression. The importance of this cannot be overemphasized:
by allowing MHC-I to reach the cell surface, the virus-infected
cell can once again become a target for attack by a functional
immune system. Several clinical trials suggested that alpha
interferon therapy was most effective initially or when used
continuously. However, long-term improvement with alpha interferon was seen in 47 of 60 patients, with only 13 nonresponders in a 4-year study (18).
In summary, our results show a co-down-regulation of
TAP-1 and MHC-I in respiratory papillomas compared with
normal respiratory epithelial tissue. One would expect that
patients with aggressive respiratory papilloma growth and frequent recurrence of disease, expressing the greatest amounts
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FIG. 6. Expression of MHC-I in the presence of gamma interferon in normal laryngeal and papilloma cultured cells at high and low calcium levels. Gamma
interferon is an inducer of both TAP-1 and MHC-I expression. MHC-I expression was determined in normal (A and C) and papilloma (B and D) cells grown in the
presence of 1,000 U of gamma interferon/ml for 48 h prior to immunostaining. The cells were cultured in either 0.15 mM calcium (A and B) or 1.0 mM calcium (C
and D) for at least 48 h prior to the introduction of gamma interferon. MHC-I was detected by a fluorescein-conjugated second antibody. Magnification, ⫻408.
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of viral peptides, should mount the strongest HPV-specific,
CTC response. We have found that the patients with the most
aggressive and rapidly progressive disease expressed the lowest
levels of TAP-1. The resultant absence of surface MHC-I proteins would impede HPV-specific CTC recognition of HPV
peptides at the cell membrane. Taken together with the reports
that MHC-I and TAP-1 proteins are co-down-regulated in
HPV-infected cervical carcinomas (4), our results provide evidence that HPVs in general may evade CTC effectors by
blocking HPV peptide presentation through the inhibition of
TAP-1 function. The mechanism(s) exploited by HPV that is
responsible for down-regulation of TAP-1 function is yet to be
defined. The clinical correlation of improved TAP expression
with a more indolent course provides a possible target for
immune modulation to temper disease recurrence. Gamma
interferon has shown promise by up-regulating TAP-1 expression and by facilitating MHC-I reaching the cell surface for
interaction with CD8 cells.
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