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TLR3 regulates PD-L1 expression in human
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Abstract: Glioblastoma, the most common primary brain tumor of adults, is characterized by poor survival rates.
Programmed death ligand 1 (PD-L1, CD274) has been implicated in the immune escape of glioblastoma. The pres-
ence of human cytomegalovirus (HCMV) in glioblastoma multiforme (GBM) has sparked considerable interest and
controversy. The exposure of toll-like receptor 3 (TLR3) to pathogens induces an antiviral state in cells or in animals.
In the current study, the expression of PD-L1 and TLR3 in HCMV-infected glioma specimens was observed to be
higher compared to the control. We therefore investigated if PD-L1 expression in glioblastoma is mediated by TLR3
triggering in HCMV infected glioblastoma. TLR3 siRNA transfections were utilized to identify the induction of PD-L1
via TLR3 triggering in HCMV infected cell lines. Also, IL.-8 and TGF-3 were detected by ELISA for the antitumor role
of TLR3. Thus, we propose a novel immune treatment using a combination of PD-L1 blockade with TLR3 triggering
against HCMV infected glioblastoma.
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Introduction

GBM is the most common adult primary brain
tumor, which is characterized by highly invasive,
infiltrative growth and has no clear etiology.
Despite current treatments including chemo-
therapy and surgery, the median survival time
is only about a year [1]. There is increased inter-
est in elucidating that human cytomegalovirus
(HCMV) is infected in a high percentage of GBM
[2], even though the HCMV positive rate is con-
troversial due to the sensitivity of the methods.
There is no clear evidence that HCMV is an
oncogenic virus, but some evidence has
reminded us of its role in promoting the devel-
opment of gliomas [3]. Programmed death 1
(PD-1) is an important immunosuppressive
molecule which is expressed on the cell mem-
brane. PD-1 and its ligand programmed death-
ligand 1 (PD-L1) help cancer cells to evade the
immune system and promote the tumor micro-
environment [4]. Many studies have shown that
an elevated expression of PD-L1 is found in gli-
oma cells [5], and the expression of PD-L1 cor-

relates with the degree of malignancy of glio-
mas [6]. In the anti-tumor treatment research
of multiple tumors, it was found that the use of
PD-L1 immunosuppressive agents can effec-
tively improve the therapeutic effect and pro-
long the survival of patients compared with
single-agent radiochemotherapy. toll-like recep-
tors (TLRs) are type | transmembrane proteins
containing the intracellular toll-interleukin-1 (IL-
1) receptor (TIR) domain [7]. TLR3 belongs to
the TLR family. It uses the distinct adaptor pro-
tein, TRIF (TIR domain-containing adaptor-
inducing IFN-B) and is expressed in several sub-
sets of immune cells, including dendritic cells
and natural killer (NK) cells. TLR3 activation
produces anti-inflammatory mediators [8]. The
main function of TLR3 is to participate in the
antiviral response and the production of type |
interferon (IFN) [9]. Upon tumor antigen recog-
nition by T cells, the released interferons trigger
the inducible expression of PD-L1 by cancer
cells, thereby inhibiting the antitumor immune
response in a process known as adaptive
immune resistance. HCMV resulting in the high
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Table 1. The sequence of siRNAs that block

TLR3 expression

TLR3-homo-1757 GUCCCAUUUAUUUCCUAAATT
UUUAGGAAAUAAAUGGGACTT

TLR3-homo-2025 GCGCUUUAAUCCCUUUGAUTT
AUCAAAGGGAUUAAAGCGCTT

TLR3-homo-2658 GGAGAUUCCAGAUUAUAAATT
UUUAUAAUCUGGAAUCUCCTT

expression of PD-L1 is of high importance for
the clinical development of PD-1 blockade ther-
apies for cancer. In the current study, the
expressions of PD-L1 and TLR3 in HCMV-
infected clinical glioma specimens were both
detected at higher levels compared to the con-
trol groups. We therefore investigated if PD-L1
expression in glioblastoma is mediated by TLR3
triggering in HCMV infected glioblastoma. The
exposure of TLR3, -4, -5, -7, and -9 to patho-
gens induces an antiviral state in cells and in
animals. Thus, IL-8 and TGF[ are detected by
ELISA because of the anti-tumor role of TLR3.
Thus, we propose a novel immune treatment
using the combination of PD-L1 blockade with
TLR3 triggering against HCMV infected glio-
blastoma.

Materials and methods

The detection of PD-L1 expression in clinical
specimens by immunohistochemistry

Twenty patients with grade Il glioma and grade
IV glioma were randomly selected, and their
paraffin-embedded brain tumor sections were
stained. First, these specimens were dewaxed
in xylene at a high to low concentration. Next,
the samples underwent hydration using high to
low concentrations of ethanol. The specimens
were antigen-repaired by boiling with a sodium
citrate buffer (pH 6.0) for two minutes and then
cooled to room temperature. Next, we eliminat-
ed the endogenous peroxidase with 3% hydro-
gen peroxide. The specimens were washed with
PBS 4 times and then incubated 2 hours with
the primary antibody in the incubator at 37°C
(PD-L1 antibody diluted at 1:1500, Proteintech,
Inc.; IE2 antibody diluted at 1:100, Millipore,
USA). After being washed with PBS, the speci-
mens were incubated with a secondary anti-
body conjugated with horseradish peroxidase
for 30 minutes. Then these specimens were
exposed to DAB for 1 minute and hematoxylin
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for 2 seconds and observed after the applica-
tion of a neutral gum seal.

Virus and cell lines

HCMV AD169 was donated by the Institut
Pasteur in France and was routinely titrated
(108 PFU/mL). Human embryonic lung fibro-
blasts (HELF) are deposited in our laboratory
for HCMV virus amplification. Glioma cell U87
and U251 were purchased from the Shanghai
cell bank and cultured and passaged in the rou-
tine manner for this experiment. Primary glioma
cells from clinical patients and astrocytes are
preserved in our lab.

Detection of PD-L1 mRNA expression by RT-
gPCR

U87, U251, primary glioma cells and astrocyte
were harvested at O, 6, and 72 hours after the
HCMV infection of these cells. At the same
time, a control group (in which a DMEM medi-
um containing 2% FBS was used instead of the
virus solution) was harvested at the same time.
RNA was extracted using an RNA extraction kit
and then reverse transcribed. Real-time PCR
used B-actin as an internal reference gene, and
each of the reference and target genes had
three parallel reaction tubes. The primers were
synthesized by Shanghai Shenggong Biological
Co., Ltd. (PD-L1 forward primer GGTGGTGCCG-
ACTACAA; reversed primer TAGCCCTCAGCCTGA-
CAT).

Detection of PD-L1 protein expression by im-
munofluorescence

U87, U251, primary glioma cells, and astrocyte
were washed with PBS three times after infec-
tion with HCMV at 0, 24, and 72 h and fixed
with 4% paraformaldehyde. Then we used the
0.1% TritonX-100 (diluted in PBS) permeabi-
lized for 30 min. The samples were then blocked
with 5% bovine albumin (BSA) and incubated
overnight with the murine PD-L1 antibody which
was provided by Proteintech™. The next day,
they were washed with PBS three times and
then we added the fluorescein-conjugated
Affinipure Goat Anti-Mouse IgG for two hours.
Then we washed the samples three times with
PBS, added DAPI to avoid light, incubated them
for 10-15 min, washed them three times with
PBS, and finally observed them with a confocal
fluorescence microscope.
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Figure 1. (Aa-c) are the immunohistochemical staining results of IE, PD-L1, and TLR3 in the same grade IV glioma
patient, (d-f) are from another patient, respectively. (B) The same settling of the two grade Il glioma patients as
described above. (C) The staining information of the 40 patient specimens was summarized and analyzed by IMAGE
J and the results were statistically analyzed using SPSS. Patients were divided into an HCMV-infected group and
an HCMV-uninfected group by IE staining. In the grade IV glioma HCMV-infected group and in the HCMV-uninfected
group, the expression levels of PD-L1 and TLR3 were different, which was statistically significant, P < 0.05. In the
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grade Il glioma HCMV-infected group and the HCMV-uninfected group, the expression levels of PD-L1 and TLR3 were

different, which was statistically significant, P < 0.05.

Down-regulation of TLR3 expression via cell
transfection

The cells were cultured in a 35 mm Petri dish,
the culture medium was discarded, and a
serum-free medium was added after the cells
with PBS and placing them in an incubator for
0.5 hour. Then we applied a Mix LipoFiter™
Liposomal Transfection Reagent with serum-
free DMEM for 5 minutes. Next, we applied Mix
siRNA (supplied by Shanghai GenePharma Co.,
Ltd., and the sequences are shown in Table 1)
with serum-free DMEM for 5 minutes. We mixed
the two reagents and let the solution stand for
20 minutes, then we added it to the petri dish
and re-exchanged it to a new DMEM medium
containing 10% serum after 4 hours. After 24
hours, the cell protein was extracted and
Western-blot was used to detect whether TLR3
expression was decreased.

Detection of PD-L1 expression by Western-blot

After transfection of TLR siRNA in cell lines for
24 h, the cells were infected with HCMV. Total
protein was extracted at 72 h. The proteins
underwent electrophoresis by a precast-gel ata
concentration of 10%. After that, the proteins
were transferred to the nitrocellulose mem-
brane. The nitrocellulose membranes were
blocked with 5% nonfat milk powder for 1 hour
at room temperature, then they were incubated
with the PD-L1 and B-actin monoclonal anti-
bodies overnight at 4°C. The next day, the
membranes were washed by TBST and incu-
bated with the horseradish peroxidase-conju-
gated secondary antibodies for 2 hours. The
chemiluminescent signal was produced by the
SuperSignal West Pico Kit (Thermo Fisher
Scientific Inc.).

Cytokine measurements

The cells were transfected as described above
and co-cultured with primary T cells (saved
from the lab). The culture supernatants were
collected and stored at -80°C. IL-8 and TGF-3
levels were analyzed using an ELISA kit.

Statistical analysis

The data were analyzed using SPSS software
version 24.0. Immunohistochemistry and Wes-
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tern-blot were analyzed using Student’s t test. P
< 0.05 was considered statistically significant.

Results

The expression levels of PD-L1 and TLR3 in
glioma sections of HCMV-infected glioma
patients were elevated relative to those not
infected with HCMV

We selected paraffin sections from 20 patients
with grade lll glioma and 20 patients with grade
IV glioma for immunohistochemical staining.
We used an immediate early (IE) protein to
detect whether the patient’s glioma was infect-
ed with HCMV. IE protein was found in 70% of
the grade lll gliomas and 85% of the grade IV
gliomas. Then we measured the expressions of
PD-L1 and TLR3 in these specimens. We clear-
ly found that in the IE-positive grade Ill and
grade IV gliomas, the expression levels of
PD-L1 and TLR3 (Figure 1Aa-c, 1Ba-c) were
significantly higher than those of the IE-negative
gliomas (Figure 1Ad-f, 1Bd-f). The expression
levels of PD-L1 and TLR3 in the HCMV-infected
gliomas were significantly higher than those in
the uninfected groups (P < 0.05) (Figure 1C).

In U87, the primary glioma cell line, the PD-L1
MRNA and protein expressions increased post
HCMV infection

The mRNA expression of PD-L1 in the U87 cell
line and in the primary glioma cells both signifi-
cantly increased at 6 h and 72 h post infection
with HCMV compared with the O h group as
a negative control (P < 0.05) (Figure 2A). In
immunofluorescence staining, the expression
levels of PD-L1 in U87 (Figure 2Cc, 2Ce), pri-
mary glioma (Figure 2Dc, 2De) and astrocytes
(Figure 2Ec, 2Ee) at 24 hours and 72 hours
post infection with HCMV were significantly
higher compared to the uninfected group
(Figure 2Ca, 2Da, 2Ea), and the results were
statistically significant (Figure 2B) (P < 0.05).

By blocking the expression of TLR3 , the
expression of PD-L1 in glioma cells after HCMV
infection was reduced compared with the
unblocked group

The siRNA down-regulation of the TLR3 expres-
sion was loaded with liposome and transfected

Int J Clin Exp Pathol 2018;11(11):5318-5326
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Figure 2. (A) mRNA expression of PD-L1 at 6 h and 72 h after infection with HCMV in U87, primary glioma and
astrocytes. U87, primary glioma 72 hours after infection with HCMV, the expression of PD-L1 mRNA increased
significantly, and was statistically significant, P < 0.05. The astrocytes did not change much. (B) Fluorescence im-

5322 Int J Clin Exp Pathol 2018;11(11):5318-5326



TLR3 upregulates PD-L1 expression in glioma

ages were analyzed using IMAGE J and the statistical analysis was performed using SPSS. The protein expression
of PD-L1 was significantly increased in U87 and in primary glioma after HCMV infection for 72 H, with statistical
significance, P < 0.05, but the astrocyte changes were not obvious. (C-E) Cellular immunofluorescence was used to
detect the expression of PD-L1 in U87, primary glioma, and astrocytes after HCMV infection. (a, ¢, e) are fluorescent
images and (b, d, f) are optical images, respectively.
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Figure 3. A. siRNA- is an siRNA that blocks TLR3 from being transfected into cells, and siRNA+ is a random protein
siRNA transfected into cells, and water is transfected into cells with water instead of siRNA. Using software analysis,
the expression level of TLR3 in siRNA+ was reduced by more than 70% relative to the level in siRNA- and water. B.
The Western blot result of the expression level of PD-L1 after 72 hours of HCMV infection in U87, primary glioma,
and astrocytes. C. The result of first analyzing the Western blot image using IMAGE J, and the obtained result was
statistically analyzed using SPSS. In the U87 and primary glioma groups, the expression levels of PD-L1 in the TLR3+
and TLR3-groups were statistically significant, P < 0.05. In the astrocyte group, this difference was not significant.

into cells for 24 hours, and the protein expres- TLR3-(TLR3-blocked) group and the TLR3+
sion level of TLR3 was detected by Western (TLR3-unblocked) group. In U87 and primary
blot. Using ImageJ to analyze the results (Figure glioma, the secretion of TGF-B in the TLR3-
3A), the expression of TLR3 decreased by more group was significantly higher than it was in
than 70%. The results showed that the expres- TLR3+ group. In the astrocytes, the TLR3 block-
sion level of PD-L1 in the TLR3 blocking group ing and unblocking had no significant effect on
(TLR3-group) decreased compared to the TLR3 the secretion of TGF-B (Figure 4A). The pres-
unblocked group (TLR3+ group) (Figure 3B). ence of TLR3 had a significant effect on the
Using ImageJ to compare the gray values of the release of IL-8. In the case of TLR3 blocking,
Western blot, the results were statistically sig- the IL-8 release could not be detected in each
nificant (Figure 3C) (P < 0.05). cell line, but a large amount of IL-8 release

could be detected in TLR3 unblocked gliomas.
Blocking the expression of TLR3 induced In the astrocytes, the unblocked group had only
TGF-B secretion and inhibited IL-8 release in a small amount of IL-8 that could be measured
the glioma cells, but was ineffective against (Figure 4B). In summary, when TLR3 is blocked,
the astrocytes it can promote the secretion of TGF-B and inhib-

, o it the release of IL-8.
To access the role of TLR3 triggering in the

HCMV-infected glioma cells on T-cell stimulato- Discussion

ry properties, we co-cultured glioma cells or

astrocytes with primary T cells. We divided the HCMV genomes are associated with GBM
glioma cells and astrocytes into two groups: the tumors [2]. Glioma cells exhibit HCMV gene
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Figure 4. Co-culture glioma cells or astrocytes with primary T cells in 96-well plates. The HCMV virus was infected
after the transfection of TRL3 siRNA for 24 h, and the supernatant was taken 24 hours later to detect TGF- and
IL-8. The TLR3-group was transfected with TLR3 SIRNA and the TLR3+ group was replaced with liposomes. A. In U887
and primary glioma, the expression of TGF-B was increased after blocking TLR3, P < 0.05, but this phenomenon
was not obvious in the astrocytes. B. In the three cell lines, IL-8 was almost undetectable after blocking TLR3, but in
the unblocked group, the expression level was high, P < 0.01. In the astrocytes and in the unblocked group, only a

small amount of IL-8 can be measured.

products, significantly altering the host immune
response to tumors [10] and contributing to the
generation and maintenance of the immu-
nosuppressive microenvironment [11]. PD-1/
PD-L1 has been suggested as a mechanism to
assist tumors against autoimmunity and to pro-
mote self-tolerance [12]. To date, there is no
definite answer due to the use of different tis-
sue sampling strategies, different antibodies
and staining protocols, and different evaluation
schemes for the staining patterns.

In our study, the expression of PD-L1 in the
HCMV-infected group was higher compared
with HCMV-uninfected group in clinical glioma
specimens with immunohistochemical st-
aining. In the study by Ding, et al., the expres-
sion of immediate early protein 2 of HCMV was
detected in 76.1% of the specimens [13]. In our
study, the number of HCMV negative speci-
mens was not enough due to the HCMV infec-
tion rate in the gliomas being more than 85%,
which might have affected the experimental
results.

In glioma cell line U87 and in the primary glio-
ma cell line, the expression of PD-L1 both
increased in the HCMV infected group com-
pared to the control group as shown by RT-qPCR
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and Western blot, which is consistent with the
results in the study by Peng, et al., an increase
in the expression of PD-L1 in CD8 T cells after
HBV infection [14]. HCMV infection also led to
the increased expression of PD-L1 in glioma
cells. However there was no significant differ-
ence in PD-L1 expression between the infected
and uninfected astrocytes, which suggests that
the upregulation of PD-L1 with HCMV occurs
not in the normal cells but in the glioma cells. In
a study by Zheng, et al,, it is suggested that in
glioblastoma, higher PD-L1 level indicates a
significantly shorter survival [15]. This suggests
that a higher PD-L1 level is one of the factors
that enables HCMV to promote an increase in
the malignancy of glioma.

Combaz-Lair, et al., and Boes, et al. confirmed
that TLR3 regulates the upregulation of PD-L1
expression in malignant pleural mesothelioma
[16] and neuroblastoma cells [17], just as HBV
can regulate the immune characteristics of
infected cells through the TLR pathway [18].
After the immunohistochemical staining of the
clinical specimens, the expression of TLR3
increased in the HCMV-infected group com-
pared with the HCMV-uninfected group. The-
refore, we propose that HCMV induced PD-L1
upregulation is mediated via TLR3 triggering.

Int J Clin Exp Pathol 2018;11(11):5318-5326
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Therefore, we customized an siRNA that antag-
onizes TLR3 and transfected it into cell lines.
After HCMV infection, the expression of PD-L1
increased compared with the uninfected group,
and the expression of PD-L1 showed no differ-
ence between the TLR3 siRNA treated HCMV
infected group and the uninfected group, which
suggests that HCMV regulated the expression
of PD-L1 in gliomas via TLR3. A similar finding
in Boes, et al.’s study found that TLR3 triggers
a strong up-regulation of PD-L1 on neuroblas-
toma cells [17]. Therefore, when TLR3 is
expressed due to an antagonism, the expres-
sion level of PD-L1 also decreases.

Next, we studied how TLR3-blocked the effects
of the cytokine profile of glioma cells. IL-8 is
considered to be an adaptive response of can-
cer cells to the environment, and it can help
cancer cell migration [19]. When TLR3 was
blocked, the release of IL-8 decreased from
3000 mg/ml to a level almost too small to mea-
sure. At the same time, the released amount of
TGF-B as an immunosuppressive cytokine was
increased by about 50%.

Nowadays, the median survival time of patients
with glioma is still less than one year [20], and
the effective treatment of glioma is a big chal-
lenge. To date, PD-1 monoclonal antibody ther-
apy has improved survival and has significant
clinical benefits. More importantly, PD-1 mono-
clonal antibody treatment lasts for a long time,
is low in toxicity, and is suitable for a wide range
of cancer types, especially with solid tumors
[21, 22]. However, the median survival time of
glioma patients treated with PD-1 monoclonal
antibody increased by only a few months [23,
24]. As we know, multiple-pronged strategies
are the key to success in immunotherapy, such
as the combination of PD-L1 blockade with
TLR3 triggering against HCMV infected glioblas-
toma. Perhaps this will serve as a new therapy
in the future for the treatment of gliomas.
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