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CONCLUSION
TLR9 expression is significantly elevated in epithelioid mesothelioma compared to MLAC at both the molecular and cellular levels, and its expression 
correlates with increased tumor proliferation and poorer prognosis. Our data suggest that TLR9 could represent a promising diagnostic and prognostic 
biomarker, warranting further investigation into its potential therapeutic applicability.
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Background: Pleural mesothelioma is an aggressive malignancy with a poor prognosis. The epithelioid subtype is the most common and can be 
challenging to distinguish from metastatic lung adenocarcinoma (MLAC). The role of Toll-like receptor 9 (TLR9) in the progression of pleural me-
sothelioma remains unclear. Methods: A total of 30 pleural biopsy specimens were collected, comprising 10 cases of pleural epithelioid meso-
thelioma and 20 cases of MLAC. The mRNA expression levels of TLR9 and proliferating cell nuclear antigen (PCNA) were quantified. In addition, 
sixty archived formalin-fixed, paraffin-embedded tissue blocks (40 epithelioid mesothelioma and 20 MLAC) were analyzed via immunohisto-
chemistry using an anti-TLR9 antibody in relation to various clinicopathological parameters. Results: TLR9 expression was significantly higher in 
epithelioid mesothelioma cases than in MLAC cases (p < .001), with mean values of 1.54 ± 0.09 and 1.02 ± 0.08, respectively. A significant posi-
tive correlation was observed between TLR9 and PCNA expression levels specifically in the epithelioid mesothelioma cohort (p < .001, r = 0.8). 
Furthermore, immunohistochemical analysis confirmed that high TLR9 immunoexpression was significantly more prevalent in epithelioid meso-
thelioma (36/40 cases; 90%) than in MLAC (3/20 cases; 15%) (p < .001). Notably, elevated TLR9 expression was associated with a significantly 
shorter overall survival (p = .001). Conclusions: In conclusion, TLR9 expression is significantly elevated in epithelioid mesothelioma compared to 
MLAC at both the molecular and cellular levels, and its expression correlates with increased tumor proliferation and poorer prognosis. Our data 
suggest that TLR9 could represent a promising diagnostic and prognostic biomarker, warranting further investigation into its potential thera-
peutic applicability.
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INTRODUCTION

Pleural mesothelioma is a rare and aggressive malignancy with 
a poor prognosis, typically characterized by an average overall 
survival (OS) of 9 to 18 months [1]. The epithelioid subtype is 
the most prevalent and is often challenging to distinguish from 
metastatic lung adenocarcinoma (MLAC). The diagnostic con-
firmation of epithelioid mesothelioma typically relies on immu-

nohistochemical profiling using a combination of two positive 
mesothelial markers (e.g., calretinin, Wilms' tumor-1, or cyto-
keratin 5/6) and two negative markers (e.g., carcinoembryonic 
antigen, Ber-EP4, or MOC-31) to exclude carcinoma [2]. The 
considerable histological diversity of mesotheliomas, coupled 
with the pleura being a common site for metastatic disease, 
renders diagnosis based on morphology alone particularly chal-
lenging. Current treatment modalities are primarily limited to 
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surgery, chemotherapy, and radiotherapy. Consequently, there 
is an urgent, unmet need to develop novel, effective, and tai-
lored therapeutic strategies for pleural epithelioid mesothelio-
ma. Although Toll-like receptor 9 (TLR9) has ushered in a new 
era for mesothelioma management as a form of immunothera-
py, its precise role remains incompletely understood [3]. TLR9 
agonists show significant potential in combination therapies, 
where they synergize with other agents to augment anti-tumor 
immune responses [4]. Despite this promise, clinical trials of 
these agonists have yet to meet expectations [5]. Therefore, elu-
cidating the expression pattern of TLR9 in mesothelioma and 
deciphering its role in tumorigenesis—particularly in prolifera-
tion—is essential. In this study, we compare TLR9 expression in 
pleural epithelioid mesothelioma and MLAC and correlate this 
expression with patients' clinicopathological parameters.

MATERIALS AND METHODS

Sample collection
Fresh samples
Pleuroscopy was performed under local anesthesia with in-
travenous conscious sedation using a Karl Storz rigid thora-
coscope (Tuttlingen, Germany). The entry site, typically at the 
5th or 6th intercostal space, was optimized under ultrasound 
guidance. Approximately six biopsies were collected from vis-
ible pleural lesions. From each patient, two sample sets were 
obtained: one was snap-frozen at −80°C for molecular analysis, 
and the other was fixed in neutral buffered formalin 10% for 
histopathological examination.

Paraffin blocks
Sixty archival formalin-fixed paraffin-embedded (FFPE) tissue 
blocks were randomly selected from previously diagnosed cases 
at the pathology laboratories of Minia University Hospitals and 
Minia Oncology Centre. All specimens were obtained via tho-
racoscopic biopsy. The cohort consisted of 40 cases of epitheli-
oid mesothelioma and 20 cases of MLAC.

Histopathological confirmation and immunohisto-
chemical validation
Histopathological examination of hematoxylin and eosin–
stained sections was performed to confirm the initial diagnosis 
and to assess key tumor characteristics, including tumor grade, 
the presence of tumor-infiltrating lymphocytes (TILs), and 
necrosis. Immunohistochemical analysis confirmed the differ-

ential expression of the studied markers, supporting the mRNA 
expression results.

Pathological assessment
The pathological T stage was determined for all cases according 
to the 8th edition of the tumor-node-metastasis (TNM) classi-
fication system [6]. Tumor grading was assessed following the 
2015 World Health Organization classification of tumors of the 
lung and pleura [7]. The presence or absence of tumor necrosis 
and significant TILs was systematically recorded.

Clinicopathological data collection
Relevant clinicopathological data were extracted through a 
comprehensive review of medical records. Systematically col-
lected demographic data included patient age at diagnosis and 
sex. Age groups were subsequently categorized based on the 
median age of the enrolled cases. The clinicopathological data 
of the patients are summarized in Table 1.

Quantitative real-time polymerase chain reaction
The relative expression levels of TLR9 and proliferating cell nu-
clear antigen (PCNA) mRNA were quantified using quantitative 
reverse transcription polymerase chain reaction (qRT-PCR). 
Total RNA was extracted from pleural tissue samples using Ri-
bozol solution (AMSBIO, Cambridge, UK). RNA concentration 
and purity were assessed spectrophotometrically (NanoDrop 
2000, Thermo Fisher Scientific, Waltham, MA, USA); samples 
with a 260/280 ratio greater than 2.0 and a 260/230 ratio great-
er than 1.8 were considered intact and used for subsequent 
analysis. cDNA was synthesized from the extracted RNA, and 
real-time polymerase chain reaction (PCR) was subsequently 
performed using a commercial SYBR Green PCR kit (Qiagen, 
Hilden, Germany). The SYBR Green PCR kit included the pro-
vided Universal PCR Master Mix. The thermal protocol was run 
on DTlite Real-Time PCR System (DNA Technology, Moscow, 
Russia), and performed as follows: 45°C for 10 minutes, 95°C for 
2 minutes, followed by 40 cycles at 95°C for 5 seconds, 60°C for 
10 seconds, and 72°C for 5 seconds. Fluorescence was measured 
during the 72°C step for each cycle. The relative quantitation 
of both TLR9 and PCNA expression to glyceraldehyde 3-phos-
phate dehydrogenase (reference gene) were calculated using 
cycle threshold (Ct) method. Ct was calculated by DT master 
software: ΔCt = Ct (target gene) – Ct (reference gene). The ΔΔCt 
values were calculated through the following equation = Mean 
ΔCt(epithelioid mesothelioma) − Mean ΔCt (MLAC).
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The TLR9 real-time PCR forward primer was TTCCCTG-
TAGCTGCTGTCC, reverse primer was ACAGCCAGTTG-
CAGTTCACC.

The PCNA real-time PCR forward primer was CCATCCT-
CAAGAAGGTGTTGG, reverse primer was GTGTCCCATATC-
CGCAATTTAT.

Immunohistochemistry
Four-micrometer tissue sections were cut from the FFPE blocks 
and mounted on positively charged slides. Immunohistochem-
istry (IHC) was performed on an automated immunostainer 
(Ventana BenchMark GX, Ventana Medical Systems, Inc., Tuc-
son, AZ, USA) according to the manufacturer's protocol. Anti-

gen retrieval was conducted using a Tris-based buffer (pH 7.6). 
Sections were incubated with a mouse anti-human monoclonal 
anti-TLR9 antibody [clone 26C593.2] (dilution 1:100, catalog 
number ab134368, Abcam, Cambridge, UK). Appropriate pos-
itive and negative controls were included in each run to ensure 
staining specificity and accuracy.

Evaluation of immunohistochemical staining
Immunohistochemical evaluation was performed independent-
ly by two pathologists (D.M.T. and M.F.G.). Staining was as-
sessed based on the intensity and localization according to the 
method described by Gao et al. [8]. A semi-quantitative scoring 
system was employed, evaluating both the proportion and the 
staining intensity of immunoreactive cells. The proportion of 
stained tumor cells was scored as follows: 0 (negative), 1 (<10% 
stained tumor cells), 2 (10%–50% stained tumor cells), and 3 
(>50% stained tumor cells). The staining intensity was scored 
on a scale of 0 (no staining), 1 (weak cytoplasmic staining, light 
yellow), 2 (moderate cytoplasmic staining, yellowish brown), 
and 3 (strong cytoplasmic staining, brown). A final staining 
index was calculated for each case using the formula: Staining 
index = (Intensity score) + (Proportion score).

Based on this index, cases were categorized as follows: A 
staining index of ≥4 indicated high TLR9 expression, whereas a 
staining index of <4 indicated low TLR9 expression [8].

Statistical analysis
All statistical analyses were performed using the Statistical 
Package for the Social Sciences ver. 20.0 (IBM Corp., Armonk, 
NY, USA). The association between TLR9 expression and clin-
icopathological parameters was evaluated using the chi-square 
test or Fisher’s exact test, as appropriate. Survival curves were 
generated using the Kaplan-Meier method, and differences 
were compared with the log-rank test. The prognostic impact 
of TLR9 expression was further assessed using univariate and 
multivariate Cox regression. Results are presented as hazard 
ratio (HR) with corresponding 95% confidence interval (CI). A 
p-value < .05 was deemed statistically significant.

RESULTS

Expression values of TLR9 mRNA in pleural epitheli-
oid mesothelioma versus MLAC
qRT-PCR analysis revealed a significantly higher mRNA ex-
pression level of TLR9 in epithelioid mesothelioma cases (1.54 

Table 1. The clinicopathological data of epithelioid mesothelioma 
and MLAC patients (n=60)

Clinicopathological variable

Diagnosis
Epithelioid 

mesothelioma 
(n = 40)

MLAC 
(n = 20)

Age (yr)
   ≤ 52 24 (77.4) 7 (22.6)
   > 52 16 (55.2) 13 (44.8)
Sex
  Male 27 (73.0) 10 (27.0)
  Female 13 (56.5) 10 (43.5)
Tumor grade
  Low/intermediate 11 (55.0) 9 (45.0)
  High 29 (72.5) 11 (27.5)
T category of primary tumor
  T1 2 (18.2) 9 (81.8)
  T2 6 (50.0) 6 (50.0)
  T3 23 (88.5) 3 (11.5)
  T4 9 (81.8) 2 (18.2)
TILs
  Present 19 (59.4) 13 (40.6)
  Absent 21 (75.0) 7 (25.0)
Tumor necrosis
  Present 18 (69.2) 8 (30.8)
  Absent 22 (64.7) 12 (35.3)
Overall survival
  Alive 8 (32.0) 17 (68.0)
  Dead 32 (91.4) 3 (8.6)

Values are presented as number (%).
All MLAC cases with pleural involvement are classified as stage IV (M1a) 
disease. The T category refers to the size and extent of the primary lung 
tumor in the lung.
MLAC, metastatic lung adenocarcinoma; TIL, tumor-infiltrating lympho-
cyte.
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± 0.09) compared to MLAC cases (1.02 ± 0.08) (p < .001) 
(Supplementary Fig. S1). PCNA mRNA levels were elevated in 
both groups. The ΔΔCt values were 0.63 for TLR9 and 0.08 for 
PCNA. Notably, a strong and significant positive correlation 
between TLR9 and PCNA expression was identified specifically 
within the epithelioid mesothelioma cohort (p < .001, r = 0.8) 
(Supplementary Fig. S2).

Immunohistochemical expression of TLR9 in pleural 
epithelioid mesothelioma and MLAC
Immunohistochemical analysis revealed high TLR9 expres-
sion, localized to the cytoplasm of malignant cells, in 36 of 40 
(90%) epithelioid mesothelioma cases compared to only three 
of 20 (15%) MLAC cases (Fig. 1). In epithelioid mesothelioma, 

high TLR9 expression showed a significant association with 
advanced T category of the primary tumor (p = .045) (Fig. 2). 
Conversely, a significant inverse relationship was observed be-
tween TLR9 expression and T category of the primary tumor in 
MLAC (p = .014). No other significant associations were found 
between TLR9 expression and the remaining clinicopatholog-
ical parameters. A detailed summary of these associations is 
provided in Table 2.

Survival analysis and prognostic significance
The OS follow-up period for all 60 cases of pleural malignan-
cy ranged from 6 to 60 months. The mean OS was 37.48 ± 
1.53 months, and the median survival time was 38 months. In 
epithelioid mesothelioma, high TLR9 expression was signifi-

Fig. 1. (A–F) Mesothelioma: H&E staining of epithelioid mesothelioma, positive calretinin expression and high Toll-like receptor 9 (TLR9) 
expression, respectively. (G–L) Metastatic adenocarcinoma: H&E staining of metastatic lung adenocarcinoma, negative calretinin expression 
and negative/low TLR9 expression, respectively. (A, D, G, J) H&E. (B, E, H, K) Calretinin. (C, F, I, L) TLR9.
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cantly associated with shortened OS (Fig. 3). Notably, 88.8% 
of mesothelioma patients with high TLR9 expression had died 
at the end of the follow-up period (log-rank test, p = .001). In 
contrast, no significant association was observed between TLR9 
expression and OS in the MLAC cohort (Table 2).

Univariate and multivariable Cox regression analysis
Next, we considered clinicopathological variables (age, sex, tu-
mor grade, tumor stage, inflammation, and tumor necrosis) in 
univariate Cox regression models for OS. Subsequently, a mul-
tivariable Cox regression model was constructed incorporating 
these variables along with TLR9 expression status. Although 
based on a relatively small cohort, the analysis suggested that 
high TLR9 expression may be independently associated with 
poorer prognosis in mesothelioma cases (HR, 6.989; 95% CI, 
2.148 to 22.738). Given the sample size, these findings should 
be interpreted as exploratory and warrant further validation in 
larger cohorts (Table 3).

DISCUSSION

Previous studies reported that TLR3, TLR7, and TLR9 could 
be targetable therapy in mesothelioma [9,10]. Furthermore, the 
well-known TLR9 agonist, cytosine-phosphoguanine oligode-
oxynucleotides induced antitumor activity against peritoneal 
mesothelioma in an animal model [3], but still the role of TLR9 
in pleural mesothelioma is undermined.

In this study, a significantly high TLR9 expression was de-
tected in epithelioid mesothelioma by using PCR and IHC, sug-
gesting a potential diagnostic value. Additionally, the positive 
correlation found between TLR9 and PCNA mRNA expression 
in epithelioid mesothelioma (p < .001, r = 0.8) suggesting a pos-
sible involvement of TLR9 in tumor proliferation. Aligned with 
our study, high TLR9 mRNA value was previously reported by 
various studies to be linked with tumor proliferation in several 
cancers [11,12].

To note, this study represents the first investigation of the 
immunohistochemical expression of TLR9 in pleural mesothe-
lioma and suggests that TLR9 may play a role in mesothelioma 

Fig. 2. Expression of Toll-like receptor 9 (TLR9) in epithelioid mesothelioma cases with tumor invasion and inflammation. High TLR9 expres-
sion in mesothelioma with muscle invasion (A, D), fat invasion (B, E), and in mesothelioma and inflammatory cells (C, F). (A) Positive TLR9 
expression in mesothelioma cells invading the surrounding muscle. (B) Positive TLR9 expression in mesothelioma cells invading the sur-
rounding fat. (C) High TLR9 expression in inflammatory cells and mesothelioma cells. (D) Yellow zoom box showing the high expression of 
TLR9. (E) Another case showing positive TLR9 expression in mesothelioma cells invading the surrounding fat. (F) Yellow zoom box showing 
the high expression of TLR9 in inflammatory cells and mesothelioma cells.
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noma [16], and breast cancer [17]. Furthermore, previous stud-
ies underscored the role of TLR9 in tumorigenesis and cancer 
cell survival, through its effects on the activation of anti-apop-
totic molecules such as Bcl2 and XIAP [18].

In contrast to our results, Droemann et al. [19] and Zhang et 
al. [14] found that TLR9 expression was significantly high in 
lung adenocarcinoma cases. However, the mentioned expres-
sion in their studies was observed in primary lung tumors, and 
no data were provided regarding its expression in metastatic 
pleural deposits of lung adenocarcinoma, as is the case with our 
findings. The discrepancy in receptors expression between pri-
mary tumors and metastases was reported in previous studies. 
For instance, a study on breast cancer revealed that the estrogen 
receptor was highly expressed in primary tumors whereas weak 
expression was observed in metastases [20]. Another study 

Table 2. Immunohistochemical expression of TLR9 and its association with clinicopathological data

Clinicopathological variable No.
TLR9 expression in epithelioid 

mesothelioma p-value
TLR9 expression in MLAC

p-value
Low (n = 4) High (n = 36) Low (n = 17) High (n = 3)

Age (yr)
   ≤ 52 31 4 (12.9) 20 (64.5) .136 7 (22.6) 0 .521
   > 52 29 0 16 (55.2) 10 (34.5) 3 (10.3)
Sex
  Male 37 2 (5.4) 25 (67.6) .584 8 (21.6) 2 (5.4) >.99
  Female 23 2 (8.7) 11 (47.9) 9 (39.1) 1 (4.3)
Tumor grade
Low/intermediate 20 2 (10.0) 9 (45.0) .300 9 (45.0) 0 .218
High 40 2 (5.0) 27 (67.5) 8 (20.0) 3 (7.5)
T category of primary tumor
  T1 11 1 (9.1) 1 (9.1) 9 (81.8) 0
  T2 12 2 (16.7) 4 (33.3) .045 6 (50.0) 0 .014
  T3 26 1 (3.8) 22 (84.7) 1 (3.8) 2 (7.7)
  T4 11 0 9 (81.8) 1 (9.1) 1 (9.1)
TILs
  Present 32 2 (6.3) 17 (53.1) >.99 11 (34.3) 2 (6.3) >.99
  Absent 28 2 (7.1) 19 (67.9) 6 (21.4) 1 (3.6)
Tumor necrosis
  Present 26 2 (7.7) 16 (61.5) >.99 6 (23.1) 2 (7.7) .537
  Absent 34 2 (5.8) 20 (58.9) 11 (32.4) 1 (2.9)
Overall survival
  Alive 25 4 (16.0) 4 (16.0) <.001 17 (68.0) 0 <.001
  Dead 35 0 32 (91.4) 0 3 (8.6)

Values are presented as number (%).
All MLAC cases with pleural involvement are classified as stage IV (M1a) disease. The T category refers to the size and extent of the primary lung tu-
mor in the lung.
TLR9, Toll-like receptor 9; MLAC, metastatic lung adenocarcinoma; TIL, tumor-infiltrating lymphocyte.
p-value < .05 is considered statistically significant.

Table 3. Multivariate survival analysis in pleural malignancy cases
Hazard ratio 95% CI p-value

Age 0.982 0.950–1.015 .280
Sex 1.665 0.944–2.936 .078
Inflammation 0.744 0.394–1.404 .361
Necrosis 0.609 0.335–1.108 .104
Grade 1.202 0.543–2.663 .650
T category 0.930 0.570–1.519 .773
TLR9 expression 6.989 2.148–22.738 .001

Test of significance: Cox regression test.
CI, confidence interval; TLR9, Toll-like receptor 9.
p < .05 is considered statistically significant.

tumorigenesis. Stimulation of TLR9 and high TLR9 expression 
were linked to tumor hallmarks in several cancers, including 
lung cancer [13,14], prostate cancer [15], hepatocellular carci-



https://doi.org/10.4132/jptm.2026.04.01 419

Abdelaziz AO et al. 

showed that connexin 26 and 43 decreased in primary tumors 
compared to metastatic tumors [21]. This heterogeneity of re-
ceptors expression is a well-known phenomenon in cancer bi-
ology [19]. While primary tumors may benefit from high TLR9 
expression, metastatic cells might downregulate TLR9 to evade 
immune detection in new sites, which could explain the reduc-
tion of TLR9 in MLAC that was detected in our study.

Interestingly, a significant positive association was detected 
between TLR9 expression and T category of tumor in mesothe-
lioma, whereas an inverse relationship was observed in MLAC 
cases. This suggests that high TLR9 expression may be associ-
ated with tumor progression and spread in mesothelioma but 
its role in MLAC spread cannot be determined due to the lack 
of primary tumor expression values. Moreover, TLR9 receptor 
itself may elicit different functions depending on the tumor 
context. For instance, Gonzalez-Reyes et al. [15] observed that 
increased TLR9 expression correlated with greater aggressive-
ness in prostate cancer, while in other studies elevated TLR9 
was linked to advanced stages.

In contrast, Singh et al. [22] reported that high TLR9 expres-
sion following chemotherapy showed evidence of antitumor 
activity. These discrepancies in TLR9 expression suggest that 
TLR9 expression may be changed with different tumor status, 
treatment context, or experimental design. It is also worth not-
ing that in our study, TLR9 expression in MLAC was evaluated 
only in metastatic deposits, and not in primary tumors, which 

may explain the lack of correlation with metastasis.
Survival analysis reported that high TLR9 expression in epi-

thelioid mesothelioma was significantly associated with shorter 
OS (p = .001). TLR9 was suggested to be an independent prog-
nostic factor by using multivariate Cox regression analysis (HR, 
6.989; 95% CI, 2.148 to 22.738). This finding is comparable with 
other studies that revealed elevated TLR9 levels correlate with 
poor prognosis [23]. Conversely, no significant association be-
tween TLR9 expression and OS was observed in MLAC cases.

Interestingly, high TLR9 expression was detected in inflam-
matory cells in few cases of epithelioid mesothelioma (10%) 
and the tumor cells in these cases also revealed high TLR9 
expression (Fig. 2). This suggests that TLR9 may have an addi-
tional action depending on its site, whether in tumor cells or in 
inflammatory cells [24].

Limitations of the study
First, the sample size, while sufficient for initial comparisons, 
is relatively small for robust survival and subgroup analyses. 
This limited statistical power likely explains why established 
prognostic factors like tumor stage did not reach significance in 
our multivariate model and precluded more sophisticated anal-
yses to draw more definite conclusions. Therefore, our primary 
finding—that TLR9 expression is significantly higher in meso-
thelioma compared to MLAC—requires validation in a larger, 
independent cohort. Second, all cases were collected from a sin-

Fig. 3. The relationship between Toll-like receptor 9 (TLR9) expression and overall survival in mesothelioma (A) and metastatic lung ade-
nocarcinoma (MLAC) (B). Kaplan-Meier curves showing that high TLR9 expression is associated with shorter overall survival in patient with 
pleural epithelioid mesothelioma and not in MLAC.
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gle institution; future multi-center studies would enhance the 
generalizability of the results. Third, we were unable to perform 
Western blot analysis on the exact same fresh-frozen samples 
used for qRT-PCR due to insufficient tissue material; however, 
our immunohistochemical findings on a larger, independent 
cohort provide strong complementary validation at the protein 
level. Finally, this study did not explore the mechanistic role of 
TLR9 in mesothelioma pathogenesis, which remains a crucial 
area for future investigation.

Conclusions
To conclude, this study underscores the role of TLR9 in epithe-
lioid mesothelioma. TLR9 shows potential as a complementary 
diagnostic marker to differentiate epithelioid mesothelioma 
from MLAC and a potentially prognostic biomarker due to 
its association with poor prognostic parameters in epithelioid 
mesothelioma. Furthermore, this study suggests that targeting 
TLR9 could be a potential therapeutic strategy.
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