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Background

DNA polymerase theta (POLQ) is a translesion synthesis polymerase essential for the repair of double strand breaks by the error-prone TMEJ (Theta Mediated End Joining) pathway. Although POLQ participates in maintaining genome stability, several studies have shown that its overexpression correlates with cancer progression and poor prognosis. Due to the fact that its role as a biomarker in pancreatic cancer remains unexplored, we aimed to study the usefulness of POLQ H-score as a prognostic factor in a pancreatic cancer patient cohort.





Methods

We evaluated POLQ gene expression using a web-based tool to deliver gene expression profiling and interactive analyses based on TCGA and GTEx (GEPIA) and we examined the POLQ immunostaining in 152 biliopancreatic cancer surgical specimens using tissue microarrays. Association with survival was evaluated by Kaplan Meier curves and uni-multivariate Cox regression.





Results

GEPIA analysis showed statistical differences according to POLQ mRNA levels in Disease Free Survival (DFS) (log rank 0.023, HR 2.8, p=0.029) and Overall Survival (OS) (log rank 0.011, HR 3.1, p=0.016). For immunohistochemistry (IHC) evaluation, POLQ H-score was calculated, and showed statistical differences for OS in Kaplan Meier curves (log rank 0.001) and uni-multivariate analysis (HR 2.27; 95% CI 1.24-4.15, p=0.008).





Conclusions

Our results indicate that POLQ is an independent prognostic factor in pancreatic cancer when analyzed by immunostaining, which is in agreement with the results shown by the POLQ gene expression analysis (GEPIA).
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1 Introduction

Pancreatic cancer is one of the most aggressive human tumors because of its rapid growth and its ability to form metastases. Due to these characteristics, diagnosis is usually only possible at advanced stages, leading to a high mortality rate. Despite its relatively low incidence, pancreatic cancer ranks seventh in terms of cancer-related death worldwide (1). Only 20% of patients with pancreatic cancer present surgically resectable tumors at diagnosis, and despite successful surgical resection, 5-year survival remains at 27% (2). Hence, it is important to evaluate new strategies to improve the management and outcome of these patients, concentrating the efforts on the search for valuable biomarkers that could also have therapeutic impact for its clinical application.

DNA replication stress and genomic instability are one of the hallmarks of cancer, helping tumor cells to escape from cell death under uncontrolled proliferation, what makes targeting the DNA damage response (DDR) an effective antitumoral strategy (3, 4). Therefore, the cellular pathways for DNA repair are one of the fields of intense research, of course also related to pancreatic cancer.

Among the DNA repair mechanisms, there is a double strand breaks (DSBs) repair pathway in which the DNA polymerase theta (POLQ) has an essential role, the Theta Mediated End Joining (TMEJ) (5, 6). This is a protein encoded by the POLQ gene and this pathway is crucial for some cancers with deficiencies in homologous recombination (HR), given their reported dependence on TMEJ for survival and tumor growth (5, 7). In addition, POLQ depletion sensitizes cells to several agents that induce DSBs such as camptothecin, bleomycin, etoposide and irradiation (8).

POLQ is a unique DNA polymerase with an N-terminal helicase-like domain, a central domain with no similarities to other enzymes, and a C-terminal A-family DNA polymerase domain (9, 10). Recently it was confirmed that POLQ can dimerize to facilitate the approximation of DNA ends in order to form synapsed intermediates using microhomologies in the sequence, which is the previous step for DNA synthesis (11). In normal cells POLQ is absent or its activity is low, and polq knock-out has a minor impact on development. In addition to its previously reported requirement for survival in BRCA1/2 mutated cells, POLQ would protect cancer cells with functional canonical DSBs repair mechanism from the accumulation of DNA replication associated DSBs (12).

Several studies have shown the association of POLQ expression with outcome in other tumor entities such breast cancer (13, 14), ovarian (7) colorectal cancer (15) or lung cancer (16), and also its relation with pathogenesis in lung adenocarcinoma (17, 18), hepatocellular carcinoma (19) and esophageal squamous cell carcinoma (20, 21). Very recently, the involvement of TMEJ has been implicated in the development and metastasis of KRAS mutated pancreatic cancer (22) and its expression has been associated with a better response to immunotherapy in a subset of bladder cancer patients (23). Additionally, POLQ inhibition in this type of cancer with BRCA2 deficiency is synthetically lethal as expected, but also stimulates the immune response (24).

Since GEPIA (Gene Expression Profiling Interactive Analysis) (25) data showed differences in expression and patient survival, we decided to study whether this DNA polymerase could serve as biomarker in pancreatic cancer. Despite evidence reported in other tumors, there is little data regarding either the impact of POLQ in pancreatic cancer, or the usefulness of immunohistochemistry staining of POLQ as a valuable technique to associate its expression level with patient outcome.

In this report we evaluate the usefulness of POLQ expression analysis for outcome prediction in pancreatic cancer. Additionally, we tested the potential of POLQ immunostaining as a valid technique for this analysis in formalin-fixed, paraffin-embedded (FFPE) tissue sections. Our results indicate that the POLQ H-score obtained from immunohistochemistry is a valuable prognostic biomarker for pancreatic cancer outcomes, which may also contribute to the future design of more personalized therapies that improve patient prognoses.




2 Methods



2.1 GEPIA analysis

The GEPIA (Gene Expression Profiling Interactive Analysis) website (http://gepia.cancer-pku.cn/) offers an online tool for analyzing the RNA sequencing expression data of 9,736 tumors from the TCGA and GTEx projects, using a standard processing pipeline. GEPIA allows many interactive and customizable functions including patient survival analysis (25). In our study, GEPIA was used to obtain data about the potential impact of POLQ gene expression in terms DFS and OS in pancreatic adenocarcinoma patients. For both analyses we used a cut off point for POLQ expression of 10%.




2.2 Patients

A total of 182 biliopancreatic cancer patients who underwent surgery from 2006 to 2012 at the Surgery Department of University Hospital Clínico San Carlos were included in the database. Patients were followed until March 2019 and their clinicopathological characteristics regarding tumor location, stage, histologic type, tumor grade, tumor size, vessel invasion, perineural infiltration and margin status were recorded. The outcome measurements were progression-free survival, defined as the time in months between surgery with a curative intent and disease recurrence shown with imaging methods; and overall survival, defined as the time in months elapsed between surgery with a curative intent and death due to disease.




2.3 Tissue sampling

FFPE samples from 182 biliopancreatic cancer surgical specimens were used for tissue microarray (TMA) construction. Representative tumor regions from samples were identified by a pathologist (MJFA) on hematoxylin- and eosin-stained tissue sections. After pathologist review, TMAs were assembled from triplicate 0.6-mm cores of FFPE tumor samples using the TMA workstation MTA-1 (Beecher Instruments).




2.4 Immunohistochemistry staining

For the immunohistochemical techniques the antigen retrieval was performed in a PT-Link (Dako, Glostrup, Denmark) for 20 min at 95 °C in citrate buffer (Dako). Endogenous peroxidase was blocked by adding 0.03% hydrogen peroxide for 5 min. Slides were then washed for 5 min with Tris-buffered saline solution containing Tween 20 at pH 7.6 and incubated with the primary antibody (1:100 POLQ, Thermofisher PA5-115130) for 1.5 hours at room temperature, followed by 30 min incubation with the appropriate anti-Ig horseradish peroxidase-conjugated polymer (EnVision, Dako) to detect antigen–antibody. Sections were then visualized with 3,3′-diaminobenzidine as a chromogen and counterstained with haematoxylin. Only 152 patient samples reached enough quality for immunohistochemical evaluation.

We scanned the TMA stained slide at low power and selected the case showing the highest intensity of staining, which was graded as 3. Then we chose two patterns of staining of moderate (graded as 2) and weak intensity (graded as 1) in the cases, observing a negative staining pattern as well. After marking these cases as reference, we compared all the other cores with the references for grading. Once the grade of each case was assigned, the Histoscore (H-score) of POLQ nuclear staining was determined as the percentage of positive cells in every case multiplied by the intensity of the grade assigned (0=negative; 1=weak; 2=moderate; 3=strong); hence the H-score values could range between 0 and 300.

The cases were blindly graded. Pathologist was unaware of the outcome of the patients.




2.5 Statistical analyses

Clinicopathological patients’ characteristics were reported as frequency (and percentage). The relationship between POLQ H-score and survival (DFS and OS) was estimated using the Kaplan Meier method and significant survival differences between groups were determined by the log rank test.

The relationship between each variable and survival (DFS and OS) was investigated by resorting to a Cox proportional hazards regression model in both univariate and multivariate fashion. Those variables that had potential prognostic significance in univariate analysis (significant variables or variables trending to significance) were subjected to multivariate analysis.

The H-score cutoff point used for this analysis was established in first quartile (Low POLQ H-score ≤ 10 vs High POLQ H-score>10). A p-value < 0.05 was considered statistically significant. All statistical analysis was performed using SPSS software version 20.0 (SPSS Inc., Chicago, IL).





3 Results



3.1 Higher POLQ gene expression associates with lower patient survival with pancreatic adenocarcinoma

To assess the prognostic potential of POLQ gene expression in patients with pancreatic adenocarcinoma, we conducted a survival analysis using Gene Expression Profiling Interactive Analysis (GEPIA) (25). We studied the prognostic impact of POLQ gene expression in terms of PFS and OS in these samples (N=178) using a cutoff point of 10%. Results obtained with Kaplan Meier method were the following: log-rank=0.023, Hazard Ratio=2.8 and p-value 0.029 for PFS and log-rank=0.011, Hazard Ratio=3.1 and p-value 0.016 for OS, suggesting a predictive and prognostic role of POLQ gene expression in this group of patients (Figure 1).




Figure 1 | POLQ mRNA expression is upregulated in pancreatic adenocarcinoma and associated with survival. The expression of POLQ in pancreatic adenocarcinoma tissues was collected from TCGA database. Kaplan Meier survival analysis of patients with low and high POLQ mRNA expression using the Mantel–Cox [log rank] test, n = 178; p value is indicated for comparison of patients with higher or lower POLQ expression. In the left is shown the analysis for disease free survival and in the right is shown the analysis for overall free survival.






3.2 Data analysis of a biliopancreatic cancer cohort

We conducted a retrospective study with cohort of 152 patients with resectable biliopancreatic cancer, comprising only cancer stages I and II. In Table 1 we summarized the baseline patient’s characteristics. Most patients included were over 60 years old (79.6%). The distribution of sex across the cohort was similar (47.4% males vs 52.6% females). The predominant tumor location was pancreas and bile duct with few cases of ampullary carcinomas (13.2%); most neoplasms were ductal adenocarcinomas (73%). Regarding sample characteristics, most of the tumors were categorized as high grade (59.9%), and the size of 48.7% of them was over 20 mm. Around half of the tumors (48.7%) presented desmoplastic stroma and 29.6% showed positive disease resection margins in the microscopic analysis, mainly the superior mesenteric vein margin (R1 disease). Regarding tumor aggressive features, 39.5% of patients presented vascular invasion and 65.8% perineural infiltration. Due to the lack of standardization of adjuvant therapy after surgery in this kind of tumor, only 34.9% of patients received adjuvant treatment.


Table 1 | Baseline characteristics of included patients.






3.3 POLQ immunostaining of pancreatic tumor samples showed different degrees of protein expression

POLQ protein expression was assessed by immunohistochemistry. The final value to calculate H-score was stablished in terms of percentage of positive cells and staining intensity for each case, evaluating samples in triplicate and representing the value as the mean of the three results.

We also examined the expression localization pattern of POLQ, that was detected in the nucleus and the cytoplasm as shown in Figure 2A. However, considering its role in TMEJ, only nuclear staining was recorded for later H-score calculation. After POLQ expression analysis H-scores were calculated and plotted in a histogram. The H-score values obtained from the cohort revealed a median interquartile range (IQR) value of 40 (10, 80) (Figure 2B).




Figure 2 | The expression of POLQ in pancreatic adenocarcinoma tissues was detected by IHC. (A) representative images of pancreatic tissues after POLQ immunostaining (x400 magnification). (B) distribution of POLQ H-scores of pancreatic adenocarcinoma tissues analyzed. H-score of POLQ nuclear staining was determined as the percentage of positive cells multiplied by the intensity of the case (0=negative; 1=weak; 2=moderate; 3=strong); hence the H-score values range between 0 and 300.






3.4 POLQ nuclear staining predicts clinical outcome in patients with pancreatic adenocarcinoma

In terms of overall survival, log rank test showed statistical differences for the staining of this biomarker (log rank. 0.001). The median survival time for the patients with low POLQ was 28 months (IQR, 16 – 74) whereas those cases with high POLQ, showed a worse outcome, with a significantly lower median survival time of 17 months for OS (IQR, 7.5 – 31.5) (Figure 3). These results were in agreement with those obtained with GEPIA and POLQ gene expression.




Figure 3 | The expression of POLQ in pancreatic adenocarcinoma tissues detected by IHC predicts patient survival. The relationship between POLQ expression in pancreatic adenocarcinoma tissues detected by IHC and patient survival analyzed by Kaplan Meier. In the left is shown the analysis for disease free survival and in the right is shown the analysis for overall survival.



Based on the cutoff point established for POLQ H-score nuclear staining, Kaplan Meier analysis for POLQ as marker was performed in terms of disease-free survival and overall survival, and the correlation between the expression levels of POLQ and prognosis status in patients with pancreatic adenocarcinoma was determined. Regarding the first parameter evaluated, DFS, log rank test derived from Kaplan Meier curve showed a nonsignificant, but strong trend to significance (log rank. 0.053); the median survival time for the patients with low POLQ was 19 months (interquartile range, IQR, 9 – 58) whereas those cases with high POLQ, presented a median survival time of 10 for OS (IQR, 5 – 25).

Considering the results obtained in Kaplan Meier curves, Cox regression was also performed for DFS and OS; multivariate analysis did not show statistical significance for DFS as expected (Data not shown).

However, results for OS were more robust. In univariate analysis, stage and perineural infiltration were significant (HR, 1.66; 95% CI 1.02-2.71, p = 0.04 and HR, 2.21 95% CI 1.29-3.78, p = 0.004, respectively). Sex, histology and tumor grade showed a trend to significance (HR, 1.56; 95% CI 0.99-2.45, p=0.05; HR, 2.08; 95% CI 0.99-4.34, p=0.05 and HR,1.56; 95% CI 0.98-2.49, p=0.06). The molecular marker, POLQ, also showed statistical significance in univariate analysis, (HR, 2.62; 95% CI 1.44-4.76, p=0.002).

As shown in Table 2, in multivariate analysis, performed with univariate significant variables, only the result for POLQ H-score remained statistically significant (HR, 2.27; 95% CI 1.24-4.15, p=0.008), suggesting that POLQ could be an independent predictive factor of outcome for patients with biliopancreatic cancer, in agreement with the results of the POLQ gene expression analysis (GEPIA).


Table 2 | Analysis of the relation between POLQ H-score and tumor characteristics in patients with pancreatic adenocarcinoma by uni and multivariate analysis for overall survival.







4 Discussion

Recent studies have demonstrated that DNA polymerase theta, encoded by the POLQ gene, plays an important role in DSBs repair pathways, given its essential role in TMEJ. Previous research indicates that POLQ helps to maintain genome stability while its expression correlates with cancer progression and poor prognosis (6). Cancer cells usually show increased expression of POLQ, which would favor their survival. In contrast, normal cells express low levels or do not express POLQ (26). Many studies have also shown that POLQ activity in DNA damage repair is frequently accompanied by deletions and insertions of nucleotides (6, 11, 27, 28). Despite the mutation rate associated with POLQ, this enzyme is involved in preserving genome stability as it can be observed in its absence (12). In addition, it was shown that POLQ promotes the survival of cells deficient in homologous recombination genes, where a synthetically lethal correlation was revealed (5, 7), even very recently in pancreatic cancer cells (22, 24). The higher expression of POLQ mRNA observed in breast, colorectal and lung cancer, correlates with reduced patient survival (13, 15, 16, 18, 20), and may be helping cancer cells to counteract replication stress and genome instability, preventing large deletions and genomic rearrangements (29, 30). In addition, the mutations associated with TMEJ repair could serve as an adaptive mechanism favoring further clonal diversity and evolutionary resistance to treatments (31). Therefore, the differences in expression between cancer and normal tissues, and its role in survival and evolution of cancer cells have made POLQ a potential therapeutic target in cancer treatment. Furthermore, three inhibitors have been developed very recently, and although they inhibit POLQ in vitro, they show low potency in vivo and in xenograft models. One of these inhibitors targets the polymerase activity and two of them the helicase activity of POLQ (32–34).

One can say that great efforts have been made to understand how POLQ works and its functions in cells, and to develop chemical inhibitors for this unusual enzyme. On the other hand, the potential of POLQ as a biomarker in cancer remains poorly explored, aside from the mRNAs level studies that were mentioned above.

There are some reports regarding mutations in the POLQ gene, all found in familiar pancreatic cancer and in the undifferentiated sarcomatoid carcinoma, but both represent the minority of the cases (35–37). Likewise, not much is known regarding the relationship of POLQ mRNA expression and patient outcome. In agreement with our observations, two studies showed that pancreatic ductal adenocarcinoma (PDAC) patients with low POLQ expression have higher survival rates (22, 24). In addition, in one of them, the results indicated that this correlation is independent of KRAS status, but that there is an increase in expression of some proteins of the TMEJ pathway in pancreatic cancer cells, both in tumor samples and in cell lines carrying the activating KRAS mutation G12D (22).

Hence, in this work we evaluated the impact of POLQ in a pancreatic cancer cohort and we tested the usefulness of immunostaining as a valid technique for this type of analysis.

The data obtained in this study analyzing tumor samples by IHC from a cohort of pancreatic adenocarcinoma patients, allowed us to show that there is a strong impact of POLQ expression in the outcome of patients with this type of tumors. POLQ nuclear staining was the only variable that remained statistically significant in the multivariate analysis. Other variables such as stage and perineural infiltration, although in univariate analysis they were statistically significant, they did not remain as that in the multivariate analysis. These results indicate that POLQ may be a useful prognostic biomarker in this type of tumor, with more potential and more robust that other variables. A fact that is supported also with the results obtained from the GEPIA (Figure 1), that also showed the same correlation using the mRNA levels. This correlation between survival of patients with pancreatic adenocarcinoma and POLQ mRNA levels was also confirmed recently (22, 24). In addition, GEPIA data showed that POLQ mRNA is on average twenty times more abundant in pancreatic adenocarcinoma tumor samples than in normal pancreatic tissues (data not shown), which enhances the potential of POLQ as a therapeutic target and prognostic biomarker.

These findings indicate that POLQ expression is a prognostic factor of patient survival and suggest that its evaluation should be considered to guide the application of a treatment based on TMEJ inhibition. While the new POLQ inhibitors are in an early stage of development, the extensive research in this field will undoubtedly lead to the generation of new ones with higher potential. Finally, this method of POLQ analysis by IHC could be very useful for future POLQ inhibitors clinical trials.

The development of protocols to analyze POLQ expression by IHC could be helpful in other cancers, since the increase in POLQ abundance takes place in most of the tumors analyzed (7, 13–17, 19–22) and in the different tumor data included in GEPIA. In addition, IHC performed in Hepatocellular carcinoma (HCC) samples also showed that POLQ was expressed higher than in normal tissues (19). In this study they also analyzed the correlation between samples from patients with high POLQ expression in the IHC and the tumor recurrence or patient survival, finding that high POLQ expression in tumor samples predicted poorer prognosis (19). These results suggest that POLQ expression has potential as a prognostic marker in HCC when analyzed by IHC, in agreement with our results in pancreatic cancer. In the other hand, the recently published POLQ IHQ analysis performed for muscle-invasive bladder cancer patients, showed that high POLQ expression correlated with better overall survival. Although these results seem to disagree with ours, they evaluated the response to immunotherapy treatment in patients with also high PD-L1, but did not directly correlate POLQ expression and patient survival (38).




5 Conclusions

Our results indicated that high POLQ H-score was associated with poor survival, therefore, POLQ could be considered an independent prognostic factor for patients with pancreatic cancer.
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No 1 0.004 1 041
Yes 221 (1.29-3.78) 1.27 (0.71-2.26)

Adyuvance
No 1 0.23
Yes 0.74 (0.45-1.20)

POLQ staining
HScore < 10 1 0.002 1 0.008
HScore>10 2.62 (1.44-4.76) 2.27 (1.24-4.15)

p < 0.05 denotes statistical differences.
p-values indicating statistical differences (p < 0.05) are shown in bold.





OEBPS/Images/fonc.2024.1433179_cover.jpg
& frontiers | Frontiers in Oncology

POLQ immunostaining behaves as a
prognostic factor for pancreatic carcinoma





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
VARIABLE PATIENTS (N=152)

Age

<60 31 (20.4%)

>60 121 (79.6%)
Sex

Male 72 (47.4%)

Female 80 (52.6%)
Localization

Pancreas & bile duct 130 (85.5%)

Ampulla 20 (13.2%)

N/A 2 (1.3%)
Histology

Intestinal 21 (13.8%)

Ductal 111 (73%)

Others 19 (12.5%)

N/A 1(0.7%)
Stage

I 50 (32.9%)

11 91 (59.9%)

N/A 11 (7.2%)
Tumor grade

Low grade 58 (38.2%)

High grade 91 (59.9%)

N/A 3(2%)

Tumor size (mm)

<20 49 (32.2%)
>20 74(48.7%)
N/A 29 (19.1%)

Desmoplasia

No 69 (45.4%)
Yes 74 (48.7%)
N/A 9 (5.9%)

Resection margin

Negative 95 (62.5%)
Positive 45 (29.6%)
N/A 12 (7.9%)

Vascular invasion

No 84(55.3%)
Yes 60 (39.5%)
N/A 8 (5.3%)

Perineural invasion

No 45 (29.6%)

Yes 100 (65.8%)

N/A 7 (4.6%)
Adyuvance

No 77 (50.7%)

Yes 53 (34.9%)

N/A 22 (14.5%)

N/A, Not available; mm, millimeters.





OEBPS/Images/fonc-14-1433179-g001.jpg
Percent survival

1.0

0.8

0.6

0.4

0.2

0.0

Disease Free Survival

: —— Low POLQ TPM
................................ = High POLQ TPM

Logrank p=0.023
HR(high)=2.8
p(HR)=0.029

n(high)=1

n(low)=18

20

40
Months

60

80

Percent survival

Overall Survival

; — Low POLQ TPM
"""""""""""" ==High POLQ TPM

Logrank p=0.011
HR(high)=3.1
p(HR)=0.016
n(high)=160

Months





OEBPS/Images/fonc-14-1433179-g003.jpg
Percent Survival

DISEASE FREE SURVIVAL

100

80

60

40

20

H-score POLQ

-ILOW
-HIGH
-+ LOW-censored
~+HIGH-censored

Log Rank 0.053

0 50 100 150
Time (months)

200

Percent survival

100

OVERALL SURVIVAL

H-score POLQ

-NLOW
~HIGH
—+LOW-censored
~+HIGH-censored

80

60

40

20

Log Rank 0.001

0 50 100 150 200
Time (months)





