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Abstract
The mechanisms involved in mucosal immune control of cervical human papillomavirus (HPV)
infection remain ill-defined. Because Toll-like receptors (TLRs) are key players in innate immune
responses, we investigated the association between TLR expression and viral persistence or
clearance in young women with incident infections with oncogenic HPV types 16 or 51.
Messenger RNA expression of TLR1, TLR2, TLR3, TLR4, TLR6, TLR7, TLR8, and TLR9 was
measured by quantitative reverse transcription-PCR using human endocervical specimens,
collected before and following viral acquisition, in a cohort well characterized for HPV infections.
Wilcoxon rank sum test was used to compare the change seen from pre-infection to incident
infection between women who subsequently cleared infection with those who did not. HPV 16
infections that cleared were significantly (P < 0.05) associated with an increase in expression of
the four viral nucleic acid-sensing TLRs (TLR3, TLR7, TLR8 and TLR9) as well as TLR2 upon
viral acquisition. Similar associations were not observed for HPV 51. In women who subsequently
cleared their HPV 16 infection, changes in TLR1, TLR3, TLR7, and TLR8 expression levels
between pre-incident and incident visits were significantly correlated with parallel changes in the
levels of interferon-α2, measured by immunoassay in cervical lavage specimens. This study
suggests that dampened TLR expression in the cervical mucosa is a type-specific mechanism by
which HPV 16 interferes with innate immune responses, contributing to viral persistence, and that
TLR upregulation and resultant cytokine induction is important in subsequent viral clearance.
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Introduction
Human papillomaviruses (HPV) are ubiquitous viruses that infect skin and mucous
membrane of humans. HPV types found predominantly in genital infections are classified
into low-risk types that are mainly associated with benign genital warts and high-risk types
that are associated with anogenital cancers. 1 Most HPV infections, whether low risk or high
risk are transient in nature; a few women, however, are unable to clear the virus, resulting in
long term persistence, the key factor in the development of cancers. 2-4 HPV 16 accounts for
50–60% of cervical cancers. 1, 5 Although HPV 16 is common in women without cancer, the
proportion of HPV 16 in women with normal cytology is not near that of those with cancer.
There is some evidence to suggest that HPV 16 is more likely to persist than other types,
helping to explain its higher prevalence in cervical cancer cases. 5 The exact mechanisms
involved in viral clearance are not well described; both innate and adaptive immune
responses are likely to play critical roles. 6-9 Natural history studies show that most women
clear infection within 24 months, with some showing clearance within weeks and others
after 1–2 years. 3 Given that adaptive immune responses to HPV infections appear to
develop slowly, 10, 11 early clearance, when it occurs, may involve innate immune
responses. Several studies have documented cell-mediated immune responses in association
with clearance after both long and short intervals of infections.12, 13 Innate immune
responses have been more difficult to measure in the setting of HPV infection, however, in
vitro studies suggest innate responses such as natural killer cells are often targets of immune
evasion by HPV11, although these have been difficult to measure in the setting of HPV
infection and are often targets of viral immune evasion. 11, 14

Efficient innate immune responses largely depend on the body's ability to detect an invading
pathogen. Toll-like receptors (TLRs) are present on numerous cell types and have the ability
to detect and bind distinct pathogen-associated ligands, thus signaling the presence of an
invading microbe and consequently initiating and directing an immune response against it.
15 Ligation of TLRs leads to expression of a number of effector molecules, such as
proinflammatory and immune-mediating cytokines. 15-18 Ten TLRs have been identified in
man and several have been shown to be important for detection of viral pathogens. 19 TLR3,
TLR7, TLR8, and TLR9 are localized intracellularly, where they are involved in viral
nucleic acid sensing. Also, cell surface-expressed TLR2 (in heterodimer form with TLR1 or
TLR6) and TLR4 may interact with viral proteins, although the implications for the host are
less clear for these. 19

Although interactions between TLRs and HPV have been studied in vitro and in animal
models 20, 21, no studies have addressed the role of TLRs in the in vivo clearance of HPV. It
is likely that one or more of the viral-recognizing TLRs, acting as one of the immune
system's earliest points of pathogen recognition, are important in shaping the host response
to cervical HPV infection. We examined here, by quantitative reverse transcription-PCR, the
association between changes in cervical mucosal TLR expression upon incident infection
with oncogenic HPV types 16 or 51, and subsequent clearance or persistence of infection, in
a cohort of women participating in a prospective study of the natural history of HPV
infection. Because 8 TLRs have been demonstrated to be involved in viral recognition
(TLR1, TLR2, TLR3, TLR4, TLR6, TLR7, TLR8, and TLR9), these were chosen for study.
We also examined, in the same women, local levels of interferon [IFN]-α2 involved in
mediating innate and adaptive immunity by a multiplex immunoassay, hypothesizing
downstream pathway activation following engagement of TLRs.
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Materials and Methods
Study subjects

Subjects were selected from an ongoing prospective study of the natural history of HPV in
an adolescent/young woman cohort. The purpose of the parent study was to identify and
study immune responses to incident HPV infections and thus enrolled young women aged
13–21 years with sexual experience of less than 5 years. Details of recruitment have been
previously described. 22 Informed consent was obtained from all study participants
according to the guidelines of the Committee for Human Research, at The University of
California, San Francisco. Study visits, conducted at four month intervals, include face-to-
face interviews and collection of samples for cytology and monitoring sexually transmitted
infections, cervicovaginal lavage samples for HPV and cytokine testing and endocervical
brush samples for mRNA. 22, 23 HPV detection and typing was performed as previously
described 22, using PCR amplification with PGMY09/11 primers and a reverse line blot
assay. We identified from the parent study women who had an incident infection with one of
two high-risk HPV types (HPV 16 and HPV 51). HPV 16 was selected because of its high
prevalence in cervical cancers and because HPV 16 is capable of downregulating TLR9 in
vitro. We also examined samples from women with incident HPV 51 infection, which
represents a high-risk HPV type of lower oncogenic potential than HPV 16 and is the second
most common high-risk type represented in our cohort after HPV 16. For this substudy,
incident HPV infection was defined as having at least two preceding visits in which HPV
DNA was not detected (illustrated as − − +, where “+” indicates the incident infection and
“−” indicates each visit where HPV was not detected). For classification of women by
follow-up, HPV clearance was defined as having at least two consecutive follow-up visits
with negative HPV tests immediately following the incident visit (− − + − −), whereas
persistence was defined as having at least one immediate follow-up visit with a positive test
for the same HPV type (− − + +). As no information is available regarding constitutive
expression of TLR mRNA in the cervical mucosa, our approach was to allow each woman
to serve as her own control by testing endocervical samples from the earlier of two
consecutive HPV-negative visits preceding incidence ([−]− +) and from the incident-
infection visit (− − [+]) and determining change in TLR expression between these two time
points. The earlier of two pre-infection visits was used as the “baseline” or pre-incident visit
to help guard against false negative HPV tests. Hypothesizing that change in TLR
expression level in an individual woman from the baseline visit to incident infection would
be important in predicting subsequent course of infection, we then compared change from
the baseline visit to the HPV-incident visit between women who showed HPV type-specific
persistence and those who showed HPV clearance. In particular, as HPV 16 has been
previously noted to inhibit transcription of TLR920, we hypothesized that a dampening of
expression of one or more viral-associated TLRs upon incident HPV 16 infection would be
associated with persistence at follow-up. As detailed above, persistence was defined
narrowly here to mean having at least one subsequent four-month visit with a positive HPV
test for the same HPV type. Women were excluded if they had, at either the baseline or HPV
incident visit, abnormal cytology, yeast, Chlamydia trachomatis, Neisseria gonorrhoeae, or
Trichomonas vaginalis infection, or were pregnant.

TLR testing by quantitative reverse transcription-PCR
Specimen collection by cytology brush and RNA extraction using TRI Reagent (Molecular
Research Center) have been previously described. 24 Multiple sets of primer sequences for
the TLR genes were selected from online real-time PCR primer databases 25, 26 and also
from the literature. 27 Selection criteria, validation steps, and optimization of primer
concentrations have been described previously. 24, 28 Primer sequences are shown in Table
I.
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One μg total RNA was DNase-treated with TURBO DNA-free (Ambion), following the
manufacturer's instructions. Reverse transcription was performed using 0.5 μg DNase-
treated RNA in a 20-μl reaction volume with random hexamer (37 ng/μl final concentration,
Promega) and random nonamer (25 μM, Gene Link) priming, RNasin® RNase inhibitor (10
U/reaction, Promega), and OmniScript RT (4 U/reaction, Qiagen) at 37°C for 60 min,
following the manufacturer's instructions.

Quantitative PCR was performed in duplicate in a 384-well plate format on an ABI PRISM
7900HT Sequence Detection System (Applied Biosystems) using Power SYBR Green
Master Mix (Applied Biosystems), forward and reverse primers (Integrated DNA
Technologies) at 150 nM final concentration, and either cervical unknown cDNA template
(12.5 ng/reaction), standard, or water for the no-template controls. Standard curves for each
plate were prepared from Stratagene QPCR Human Reference Total RNA (Stratagene),
reverse transcribed identically to the cervical RNA samples, and diluted in 4-fold steps from
80 ng/reaction (final concentration) to 0.078 ng/reaction. The amplification program has
been previously described. 24 Quantitative (threshold cycle) PCR values, were obtained
during exponential amplification. Threshold cycle differences between duplicate reactions
smaller than 0.5 cycles were considered acceptable. TLR expression, in relative units
obtained by interpolation from the standard curve, was normalized to the geometric mean 29

of two reference genes previously validated for cervical samples in HPV studies, GAPDH
and RPLP0. 24

Cytokine protein measurement in cervical lavage specimens
For measurement of IFN-α2, cervical lavage specimens were collected in 5 ml of normal
saline and frozen at −80°C until testing. Specimens were thawed and briefly centrifuged to
pellet cellular material and debris and cell-free supernatants were analyzed in duplicate on a
Luminex 100 instrument using the Milliplex Human Cytokine Kit (Millipore) per the
manufacturer's instructions. Data analysis was performed using MiraiBio MasterPlex QT
software (Hitachi Software Engineering America), with five-parameter logistic curve fitting.

Data analysis
Normalized TLR expression data are presented in arbitrary units relative to the human
reference standard. Non-parametric tests were used as the data were not normally
distributed. Percent change from a baseline visit, which is HPV negative, to HPV-incident
visit was compared between women who subsequently cleared infection and those with
persistence on follow-up, by Wilcoxon rank sum test. The Hochberg Step-up Bonferroni
method was used to adjust for multiple comparisons. 30 To examine change in TLR
expression between baseline and incident visits, separately in women who subsequently
cleared HPV 16 and those who did not, Wilcoxon signed rank test was used since the data
were paired data with perturbed distribution. Inter-TLR correlations were assessed using
Cohen's Kappa procedure. Pearson correlation was used to examine correlation between
changes in IFN-α2 and changes in TLR expression. However, change was measured as the
ratio of cytokine or TLR expression between visits rather than percent change since
logarithmic transformation was used to stabilize variance.

Results
TLR change on HPV incidence as a predictor of HPV persistence

Endocervical samples were collected from 65 women who fulfilled the criteria for this study
with a mean age of 20.6 (± 4.0, SD) years. Thirty-seven women had an incident HPV 16
infection and 20 had an incident HPV 51 infection. There were significant (P ≤ 0.05)
differences in change in expression from baseline to the HPV incident visit for TLR2, TLR3,

Daud et al. Page 4

Int J Cancer. Author manuscript; available in PMC 2012 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



TLR7, TLR8, and TLR9, in women with subsequent persistence compared to those who
cleared their HPV 16 infection on follow-up (Fig. 1). The median percent change shows that
the women with clearance had a greater increase in TLR expression (range of medians was
from 30% to 624%) than those who persisted where the median percent change was negative
(range of medians was from -36% to -62%). Although the median change for TLR2 was in
the positive direction among the persistors, the median positive change for TLR2 in women
who cleared (median = 606%) was 80-fold greater than of women who persisted (median =
7%). No significant associations were found for HPV 51 (Fig. 2). To investigate this further
we compared the levels at incident with baseline visits separately for women who cleared
and women who persisted. In the women who cleared, all the TRLs except for TLR4 showed
significant increases in expression on incidence (TLR1; p=.04, TLR2; p=0.001; TLR3
p=0.002; TLR4;p=0.84; TLR6; p=0.04, TLR7; p=.01; TLR8; p=0.07; TLR9; p=0.04). None of
the TLRs, in contrast, showed significant change in the women with subsequent clearance.

Although our primary approach was to evaluate relative, within-subject change in TLR
expression at the time of HPV acquisition and its association with persistence, we noted a
pattern of higher baseline (i.e., pre-HPV-incidence) TLR mRNA expression in women who
would subsequently acquire a persistent HPV 16 infection compared with those who would
acquire an HPV 16 infection that was followed by clearance (Fig. 1). We therefore
compared, by Wilcoxon rank sum test, the baseline expression levels between these two
groups. For all TLRs studied except TLR4, the baseline TLR expression was significantly (P
< 0.05) higher in women who subsequently acquired an HPV 16 infection that persisted on
follow-up compared with those who acquired an infection that cleared on follow-up (data
not shown). This pattern was not noted for HPV type 51. To investigate whether women
with HPV 16 and 51 differed in other ways to explain these baseline differences, we
examined differences in condom use, number of sexual partners, hormonal birth control use,
and a history of C. trachomatis or N. gonorrhoeae. No differences were found for any of
these factors. We also examined if multiple type infections may have influenced this
observation since infections with multiple HPV types were not excluded. Multiple type
infections were common in both groups with 47% of HPV 16 infections and 40% of HPV 51
infections having multiple types (data not shown). However, multiple type infection was not
associated with clearance in either group.

To investigate whether TLRs changed in the HPV 16 group in coordinated or compensatory
fashion, Kappa coefficients were calculated for each pairing of the TLRs found significantly
associated with clearance. Among women with persistence on follow-up (Table II), Kappa
coefficients ranged from 0.32 to 0.85 for all pairings, showing moderate or better agreement,
except the pairing TLR2:TLR9, which showed fair agreement (K = 0.32). Among women
with clearance on follow-up (Table III), Kappa coefficients showed considerably less
agreement among pairs, with only the pairings TLR3:TLR8, TLR3:TLR9, and TLR7:TLR9
showing moderate or better agreement (K ≥ 0.4).

TLR expression and cytokine production
A key result of TLR activation is release of proinflammatory and immune-mediating
cytokines, of which IFN-α2 is considered the most immediate product of TLR activation.
15-18 To investigate possible downstream immunologic consequences of the HPV 16
persistence-associated dampening of TLR expression, we examined the association between
change in TLR expression and change in levels of IFN-α2 measured in cervical lavage
specimens. Using Pearson correlation, we found that a change in IFN-α2 was positively
correlated with a change in TLR8 expression (r =.40, P = 0.01). Trend associations were also
shown between IFN-α2 and TLR1 (r=.28; P=0.1), TLR3 (r=.28; P=0.1) and TLR7 (r=0.3;
P=0.07) expression. When we looked among only those who cleared, the correlations were
much stronger. Changes in IFN-α2 were associated with changes in TLR1 (r=0.6; P=0.02),
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TLR3 (r=0.75 P=0.001), TLR7 (r=0.53; P=0.04), and TLR8 (r=0.75; P=0.001). When we
looked among the women who persisted, no correlation was significant.

Discussion
To our knowledge, this is the first in vivo study showing an increase in TLR expression in
cervical samples with incident HPV 16 infection that is subsequently associated with viral
clearance and lack of an observed increase was associated with persistence. TLRs whose
change in expression was significantly different between women with HPV clearance and
those with persistence on follow-up included TLR2, TLR3, TLR7, TLR8, and TLR9.
Notably, with the exception of TLR2, these are exclusively localized in the endosomal
membrane and are known to recognize viral nucleic acids. The difference in expression of
multiple nucleic acid-sensing TLRs is particularly interesting in light of synergistic co-
activation which has been described for TLR3 and TLR7 31 as well as TLR3 and TLR9.32

The difference in expression of TLR2 is interesting in that this is a cell surface-expressed
receptor; TLR2 has been found to be activated by various viral protein components. 33, 34

However, human macrophage recognition of hepatitis C virus through herterodimers of
TLR2 with TLR1 or TLR6 has also been recently demonstrated. 35 The true role of surface-
expressed TLRs in anti-viral host responses, however, is not clear. 19 For example,
activation of TLR2 by measles virus or herpes simplex virus proteins may be detrimental to
the host through upregulation of viral receptors or induction of proinflammatory cytokines,
respectively. 33, 36 In contrast, TLR2-mediated activation of natural killer cells has been
shown to be important in early control of murine cytomegalovirus. 37 In some cases,
particularly viruses with low structural complexity, the viral protein responsible for TLR
engagement has been identified, such as measles virus hemagglutinin protein and TLR2 33

and respiratory syncytial virus fusion protein and TLR4. 38 In other cases, the protein ligand
is unknown. The association shown here between TLR2 and clearance of HPV16 suggests
that it may play a beneficial role in the host in infection with this virus. Further work,
particularly in vitro studies, will be needed to identify HPV proteins that engage TLRs.

Examination of changes within groups revealed that the difference between women
exhibiting clearance on follow-up and those with persistence was primarily due to
significant increases in TLR expression upon HPV 16 incidence in the former group, rather
than decreases in expression in the latter group. These results suggest that increases in TLR
expression are necessary for clearance. This observation is in line with studies that show that
activation of TLRs is necessary for a successful innate immune response. In addition, the
increase in IFN-α2 associated with the TLR increase in women who cleared HPV 16 gives
further evidence that this TLR response assisted in HPV clearance. 16-18

Our findings are consistent, however, with in vitro and animal studies that have shown that
HPV 16 is able to evade immune recognition and this evasion results in its persistence, 20, 21

as indicated by the lack of TLR expression increase in the persistence group and even
trends, albeit non-significant, in the downward direction. Interestingly, IFN-α2 was not
significantly associated with this decrease. Likely, in the absence of TLR activation there is
no correlation between TLR expression and cytokine levels. Taken together, we believe
these data suggest that HPV may evade the immune system by avoiding TLR recognition.
Certainly, studies have shown that HPV is associated with several mechanisms that may
assist in avoiding immune recognition including diminishing Langerhans cell populations,
dampening natural killer cell activity and MHC expression. 11, 39

We also investigated whether the changes in TLR expression in the women with incident
HPV 16 infections occurred in parallel or opposite directions. Generally, there was good
agreement in the direction of change in the women with persistence on follow-up, except
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between TLR2 and TLR9. In contrast, there was less agreement among women with
clearance on follow-up. In this group, pairings involving the nucleic acid-sensing TLRs
tended to be those showing moderate or better agreement, while TLR2 showed poor
agreement in all pairings. The cases of moderate or better agreement may suggest either
coordinated regulation or migration of cells bearing multiple TLRs in or out of the mucosa.
That TLR2 showed relatively poor agreement with other TLRs in both groups is consistent
with its presumed less central role in response to viruses.

Our findings appear to be specific for HPV 16 and were not paralleled by findings for the
other high-risk type, HPV 51. Hasan et al. reported that, in vitro, HPV 16 is much more
efficient than HPV 18 in downregulating TLR9, 20 suggesting that modulation of TLR
expression may be part of a mechanism by which HPV 16 evades innate immunity, and that
this is not common to all high-risk HPV types. Unfortunately, we were unable to identify
enough cases of HPV 18 in our cohort to study. However, HPV 51, which was the second
most prevalent HPV type in our cohort, did not show similar differences between women
with clearance on followup and those without. The reason for this remains unclear and
underscore the difficulties of interpreting in vivo studies which are potentially affected by
numerous environmental factors. Certainly, HPV 16 is 50 times more common in cervical
cancers than HPV 51. 40 Our different findings for types 16 and 51 support the hypothesis
that immune mechanisms involved in clearance, as well as in viral immune evasion, may
differ by HPV types.

The approach presented here, evaluating change in TLR expression within each subject,
recognizes the fact that there is no information regarding what constitutes a “normal” level
of expression, and that this may be different in each woman owing to the myriad
immunogenic factors that make the cervical mucosa such a complex environment. While our
findings support our hypothesis that HPV 16 uniquely affects TLR expression in a way that
helps predict the subsequent course of infection, we were surprised that baseline TLR
expression appeared to be markedly different between the persistence and clearance groups.
This observation may suggest some level of pre-existing non-specific immune activation in
the former group. Because women were excluded from this study if they had, at baseline (or
incident), abnormal cytology, yeast, C. trachomatis, N. gonorrhoeae, or T. vaginalis
infection, or were pregnant, none of these covariates appears to explain the difference.
However, the cervical vaginal microbiologic and immunologic milieu is extremely
complicated and is affected by a host of environmental and genetic factors. 41 We speculate
that there may be some genetic component that affected baseline TLR expression and
resulted in increasing these women's vulnerability to HPV persistence.

For the purposes of this study, follow-up was limited to one four-month visit after the
incident HPV infection and clearance or persistence defined based on that follow-up
interval. As HPV, and in particular, HPV 16, may sometimes persist for extended periods
with eventual clearance occurring months to years later or not at all 3, much longer
prospective follow-up will be needed to determine the role of TLR expression in regression
of these more prolonged infections. Extended follow-up, while beyond the scope of this
substudy, remains ongoing in our cohort.

In summary, we have shown that incident HPV 16 infection that results in clearance is
associated with increased expression of several TLRs compared to women who do not clear,
including the 4 TLRs known to recognize viral nucleic acids. Imiquimod, a TLR7 agonist, is
approved for treatment of genital warts and has been suggested for treatment of other HPV-
associated disease. 42, 43 If TLR agonists are capable of mitigating the diminished TLR
expression shown here, their use in the treatment of cervical HPV persistence may be
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promising. Understanding the mechanisms involved might lay the foundation for new
therapies for HPV-associated diseases.
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Figure 1. TLR expression and incident HPV 16 by follow-up status
The graphs show change in TLR mRNA expression between a baseline (i.e., preceding HPV
incidence) visit and the HPV 16 incident (“HPV+”) visit. Upward change within a subject is
shown by solid lines and downward change by dashed lines. P values represent a
comparison, by Wicoxon rank sum test, with adjustment for multiple comparisons30, of
relative change from baseline to HPV incidence between women with HPV clearance on the
visit immediately following incidence and with those with HPV 16 persistence. MΔ =
median percent change and + denotes an increase; - denotes a decrease.
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Figure 2. TLR expression and incident HPV 51 by follow-up status
The graphs show change in TLR mRNA expression between a baseline (i.e., preceding HPV
incidence) visit and the HPV 51 incident (“HPV+”) visit. Upward change within a subject is
shown by solid lines and downward change by dashed lines. P values represent a
comparison, by Wicoxon rank sum test, with correction for multiple comparisons30, of
relative change from baseline to HPV incidence between women with HPV clearance on the
visit immediately following incidence and with those with HPV 51 persistence. MΔ =
median percent change and + denotes an increase; - denotes a decrease.
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Table I
TLR and reference gene primer sequences

Symbol Accession a Gene name Sequences (5′ - 3′) b L c

GAPDH NM_002046 Glyceraldehyde-3-phosphate dehydrogenase F: AAGGTCGGAGTCAACGGATTT
R: ACCAGAGTTAAAAGCAGCCCTG

66

RPLP0 NM_001002 Large ribosomal protein P0 F: CCTCATATCCGGGGGAATGTG
R: GCAGCAGCTGGCACCTTATTG

95

TLR1 NM_003263.3 Human toll-like receptor 1 F: AGGCCTTGTCTATACACCAAGTTGT
R: CGTGTACCAGACACTGTGAAATTTT

112

TLR2 NM_003264.3 Human toll-like receptor 2 F: AACCGGAGAGACTTTGCTCA
R: CCACTGACAAGTTTCAGG CA

91

TLR3 NM_003265.2 Human toll-like receptor 3 F: CCTGGTTTGTTAATTGGATTAACGA
R: TGAGGTGGAGTGTTGCAAAGG

82

TLR4 NM_138554.2 Human toll-like receptor 4 F: GGACTGGGTAAGGAATGAGCTAGTA
R: CACACCGGGAATAAAGTCTCTGT

94

TLR6 NM_006068.2 Human toll-like receptor 6 F: TGTACACCGTGTTTTCTGAGATGA
R: GAAAACGTTCTGGGTAAAGTTCAAA

125

TLR7 NM_016562.3 Human toll-like receptor 7 F: AAGCCCTTTCAGAAGTCCAAGTT
R: GGTGAGCTTGCGGGTTTGT

91

TLR8 NM_016610.2 Human toll-like receptor 8 F: GCTGCTGCA AGTTAC GGAAT
R: CGC ATAACTCACAGGAACCA

118

TLR9 NM_017442.2 Human toll-like receptor 9 F: TGAAGACTTCAGGCCCAACTG
R: TGCACGGTCACCAGGTTGT

75

a
GenBank accession number.

b
Sources for primer sequences were RTPrimerDB (http://medgen.ugent.be/rtprimerdb/, GAPDH and RPLP0) 21, qPrimerDepot

(http://primerdepot.nci.nih.gov/, TLR2 and TLR8) 20, and Rebbapragada et al. (TLR1, TLR3, TLR4, TLR6, TLR7, and TLR9) 22.

c
Amplicon length (bp)
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