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Objectives: Tumor-infiltrating lymphocytes (TILs) play a crucial role in anti-tumor immu-

nity. Basic studies have found that stimulator of interferon genes (STING), activated by

sensing DNA damage, plays a role in recruiting and activating TILs in tumors. However, the

correlation between base excision repair (BER) pathway, STING pathway and TILS and their

effect on prognosis in upper urinary tract urothelial carcinoma (UTUC) are still unclear. The

aim of this study was to investigate the prognostic effect of those proteins expression for

disease-free survival (DFS) and overall survival (OS) and explore the correlation between

these makers.

Methods: We evaluated immunohistochemical expression of BER pathway (APE1, NTH1,

OGG1, XRCC1, polβ), STING pathway (STING, IRF3), TILs (CD4, CD8, CD20) and PD-

L1, PD-L2 in 88 UTUC patients to determine the predictive significance in DFS, OS and the

correlation between them.

Results: We found that interferon regulatory factor3 (IRF3) (HR: 0.451, 95% CI 0.243–0.837,

p=0.024) and CD8 (HR: 0.522, 95% CI 0.295–0.926, p=0.014) are independent prognostic

factors for DFS, APE1 (HR: 1.932, 95% CI 1.005–3.714, P=0.048), polβ (HR: 2.620, 95% CI

1.373–5.000, P=0.003), CD8 (HR: 0.323, 95% CI 0.151–0.693, P=0.004) were independent

prognostic factors for OS. A model consisting of stage, grade, lymphovascular invasion and

expression of APE1, polβ, IRF3, CD4, CD8 that predicts 3-year OS. Furthermore, DNA damage

repair protein polβ is associated with CD8+ T cells in TME.

Conclusion: We found that DNA damage, IRF3 and TILs are independent predictors for

prognosis. We also provided clinical evidence that DNA damage repair-activated STING

pathway can induce the recruitment and activation of TILs, which is consistent with

preclinical models.
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Background
Upper tract urothelial carcinoma (UTUC) is amalignant tumor originating fromurothelial

carcinoma of the renal pelvis and ureter, accounting for approximately 5–10% of all

urothelial malignancies.1 Although UTUC has the same origin with urothelial carcinoma

of the bladder, its biological behavior is significantly different from that of bladder cancer,

showing higher malignancy and poorer prognosis.2 At present, the main variables defin-

ing prognosis are histopathological stage and grade,3–5 but patients with the same pTNM

stage and same grade ofUTUCoften demonstrate considerable discrepancy in recurrence

and overall survival (OS). Thus, molecular markers that are more precise are needed.
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Previous studies have shown that infiltrating immune

cells, especially lymphocytes, play an important role in

anti-tumor immunity and the presence of tumor-infiltrating

lymphocytes (TILs) has been associated with favorable prog-

nosis in several neoplasms.6,7 In tumor, type I interferon (I-

IFN) is responsible for recruitment and activation of

lymphocytes,8,9 recent evidence suggests stimulator of inter-

feron genes (STING) signaling as one of the key pathways to

trigger IFN production in cancerous conditions.10–12 STING

is an adapter protein, which gets activated by cyclic dinu-

cleotides, generated by cyclic guanosine monophosphate-

adenosine monophosphate synthase (cGAS), which in turn

is directly activated by cytosolic double-stranded DNA

(dsDNA). STING then signals to the TANK binding kinase

1 (TBK1)/interferon regulatory factor3 (IRF3) axis to upre-

gulate type I interferon production.13–15

Genomic instability, rapid proliferation of tumor cells

and DNA damage repair (DDR) deficiency are the main

sources of dsDNA.16 Normally DDR can repair DNA

damage in many different forms, such as nucleotide exci-

sion repair, mismatch repair (MMR), homologous recom-

bination (HR), non-homologous end-joining, base excision

repair (BER), and translation synthesis.17 Numerous stu-

dies have found that DDR is associated with tumor prog-

nosis, tumors carrying defects in DNA MMR accumulate

high levels of mutations, a feature linked to rapid tumor

progression and acquisition of drug resistance but also

favorable prognosis and response to immune-checkpoint

blockade.18 In prostate cancer, relevant studies have iden-

tified genomic defects in DNA repair in 20–30% of

advanced castration-resistant prostate cancer cases,

BRCA2 gene alterations are particularly prevalent and

are correlated with poor prognosis as well as poor

responses to systemic therapy for castration-resistant pros-

tate cancer.19 Teo’s study claimed that DDR alterations are

independently associated with response to PD-1/PD-L1

blockade and platinum-based treatments in patients with

advanced urothelial carcinoma.20,21

The BER pathway is responsible for repairing most

endogenous DNA damage, including deamine depurine

alkylation and excessive oxidative damage resulting in

base loss.22,23 BER is a highly conserved pathway in

different species, mainly involving 5 enzyme reaction pro-

cesses, including APE1, OGG1, XRCC1, polβ and

NTH1.24–26 It has been confirmed that APE1 is highly

expressed in tumors and is associated with resistance to

platinum therapy and radiotherapy.27,28 It is also found that

polβ is highly expressed in tumors, but XRCC1 is low

expressed in gastric, lung and cervical cancers and is

associated with invasiveness and poor prognosis of

tumors.29

The significance of the proteins expression of BER

pathway and STING pathway in UTUC has not been

reported. Whether the expression level of those proteins

can be used as prognostic makers of UTUC remains

unclear. In this study, the correlation between BER path-

way, STING pathway, and TILS and its effects of UTUC

prognosis was evaluated by immunohistochemistry.

Methods
Patients
We reviewed the records of 91 patients with primary UTUC

from January 2014 to January 2017 in the Third Affiliated

Hospital of Third Military Medical University. The patients

did not receive any chemotherapy or radiation therapy before

surgery. One patient was not included in this study due to

perioperative death and another 2 cases due to unqualified

formalin-fixed paraffin-embedded tissue samples. Finally,

clinical and pathological data of 88 patients were analyzed.

Radical nephroureterectomywith the removal of the bladder

cuff was the most common procedure (69), segmental ureter-

ectomy was performed in 10 patients, and nephrectomy was

performed in 9 patients. Intravesical instillation after surgery

was performed in 83 patients, and the intravesical agents

including gemcitabine, epirubicin, pirarubicin. Eight patients

received adjuvant chemoradiotherapy, which was platinum-

containing regimen. At the end of follow-up, 36 patients

relapsed and 26 died.

Post-operation cystoscopy was suggested every 3

months for 2 years and every 6 months for the next 2

years and annually thereafter. Other follow-ups consisted

of urine cytology, abdominal CT scan and ultrasonography.

The study methodologies conformed to the standards set

by the Declaration of Helsinki. Approval of the study was

obtained from the institutional review board of the Third

Affiliated Hospital of Third Military Medical University

No. 2018–108 and written informed consent was waived

as there were no conflicts of interest or damage to patients.

Immunohistochemical (IHC)
Tissue microarrays were constructed as described.30 HE stain-

ing was used to determine the tumor location to obtain the

tumor tissue accurately, core samples diameter is 3mm, which

were transferred to a recipient paraffin block using a tissue

microarrayer (Minicore). Consecutive 3 μm thick slices were
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cut from FFPE tumor tissue. Paraffin wax was melted at 60°C

for 6 hrs, subsequently, slides were deparaffinized in xylene

and rehydrated in declining dilutions of ethanol. For HIER,

slides were incubated in 10 mM sodium citrate (Sigma-

Aldrich, St. Louis, MO, USA) containing 0.05% Tween 20

(Sigma-Aldrich) at pH 6.0 or in 10 mM tris (hydroxymethyl)

aminomethane (Merck Millipore, Darmstadt, HE, DE) and 1

mM EDTA (Sigma-Aldrich) containing 0.05% Tween 20 at

pH 9.0 and heated up in pressure cooker. Consequently, slides

were cooled down to room temperature (RT). Endogenous

peroxidase activity was blocked with 0.3% hydrogen peroxide

(Merck Millipore) in PBS for 10 mins at RT in the dark.

Primary antibodies (Table S1) were incubated for overnight

at 4°C in a humidified chamber. Afterwards, biotinylated

rabbit anti-mouse IgG/anti-rabbit IgG secondary antibody

was applied for 30 mins at 37°C. Diaminobenzidineshowed

color, subsequently hematoxylin counterstain.

Immunoscore was independently assessed by two

pathologists (WD, XHL) who were blinded to the patients'

clinical outcomes. In cases with discrepant results, the slides

were reviewed under a multi-head microscope and dis-

cussed to determine the final score. Semiquantitative assess-

ment of positivity was performed using the following

formula: staining intensity×positive cell rate. Staining inten-

sity was stratified from 0 to 3 (0, no staining; 1, slight

staining; 2, medium staining; and 3, strong staining). The

scale of positive cell rate was identified as follows: 1,

number of stained cells <1/3; 2, 1/3≤ number of stained

cells <2/3; 3, number of stained cells ≥2/3. The final total

score was between 0 and 9. We defined low expression as

below 4 points and high expression as above 5 points.

Patients were divided into high- and low-expression groups

based on the expression score. The expression of PD-L1

was classified into high- and low-expression according to

non-expression and expression (Figure S1).

Statistics
Disease-free survival (DFS) was measured from the date

of the initial treatment to the date of diagnosis of locor-

egional recurrence or distant metastasis. OS was measured

from the date of the initial treatment to the date of death.

Data analysis was performed using SPSS (SPSS,

version 21) and GraphPad Prism 7 (GraphPad

Software, Inc., La Jolla, CA, USA). Cumulative survival

probabilities were estimated using the Kaplan–Meier

method, and differences between survival rates were

tested for significance using the log-rank test. HRs and

95% CIs were estimated for each variable. All tests

were two-sided with a 95% CI and P<0.05 considered

significant. HRs and corresponding 95% CIs were

plotted with R-package “forestplot” (version 1.74).

Prognostics models were computed with an adaptive

elastic-net approach for censored data using the R-pack-

age “rms” (version 5.1–3.1) and are illustrated by nomo-

grams. For validation of the nomogram, we assessed the

discrimination ability using Harrell’s concordance index

(c-index). The model-predictor was further dichotomized

into a high-risk and low-risk group to illustrate the

impact of each final model on clinical outcome, which

is illustrated by Kaplan–Meier survival estimates.

Kendall correlation coefficients for IHC maker and clin-

ical data were calculated with intrinsic R commands and

R-package “corrplot” (version 0.84). P-values of the

“corrplot” were corrected according to the false discov-

ery rate.

Results
Clinical and pathological characters and

IHC makers features of UTUC
A total of 88 patients with UTUC were included in this

study. The follow-up time was 2–60 months, and the

median follow-up time was 23 months. Of 88 patients,

51 were pelvic cancer and 37 were ureteral cancer,

there were 37 cases of non-muscles invasive urothelial

carcinoma and 51 cases of muscles invasive urothelial

carcinoma. There were 8 cases with positive lymph

nodes, 17 with lymphovascular invasion, 17 with low-

grade and 71 with high-grade papillary urothelial car-

cinoma. Detailed characteristics of patients are shown

in Table 1. Immunohistochemical results showed that

APE1 (59/88), NTH1 (52/88) were high expressed, and

OGG1 (70/88), STING (69/88), PD-L1 (67/88) were

low expressed. There was a difference in CD20 expres-

sion between renal pelvic cancer and ureteral cancer.

Compared with ureteral cancer, renal pelvic cancer had

more infiltration of CD20+ B cells. Low-grade and

high-grade urothelial carcinomas displayed PD-L2

expression difference. High-grade urothelial carcino-

mas expressed higher PD-L2. Muscle invasive urothe-

lial carcinoma shows less of CD8+T cells infiltration.

Detailed results are shown in Table 2.

Kaplan–Meier analysis and log-rank tests demonstrated

that low expression of IRF3 (p=0.0091) CD4 (p=0.0075),

CD8 (p=0.0086) and high expression of polβ (p=0.0471)

were associated with shorter DFS (Figure 1); high expression
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of APE1 (p=0.026), polβ (p=0.001), and low expression of

CD4 (p=0.0042), CD8 (p=0.0009), IRF3 (p=0.0266) were

correlated with poor OS (Figure 2).

IRF3 and CD8+ T cells are prognostic

indicators of DFS
Firstly, we conducted a univariate Cox regression analysis for

IHCmarkers, and found that IRF3 (HR: 0.486, 95%CI 0.276–

0.853, P=0.012), CD4 (HR: 0.468, 95% CI 0.263–0.835,

P=0.01), CD8 (HR: 0.435 95% CI 0.235–0.805, P=0.008)

were related to prognosis. Furthermore, we conducted a uni-

variate Cox regression analysis for the clinical characteristics.

The clinical characteristics that contributed with statistical

significance to DFS were LVI (HR: 1.925, 95% CI, 1.002–

3.697, p=0.049). Additionally, we assessed a multivariable

analysis for DFS by combining the marker panel and clinical

variables and found IRF3 (HR: 0.451, 95% CI 0.243–0.837,

p=0.024) and CD8 (HR: 0.522, 95% CI 0.295–0.926,

p=0.014) are independent prognostic factors. The results of

Cox regression analysis are snhow in Table 3.

APE1, Polβ, IRF3 and CD8 are

independent prognostic factors for OS
Similar to DFS, to investigate the association impact of IHC

marker and clinical characteristics with OS we conducted a

univariate Cox regression analysis. The expression of APE1

(HR: 2.122, 95% CI 1.110–4.058, P=0.023), polβ (HR:

2.766, 95% CI 1.466–5.215, P=0.002), IRF3 (HR: 0.496,

95% CI 0.264–0.934, P=0.030), CD4 (HR: 0.399, 95% CI

0.208–0.764, P=0.006), CD8 (HR: 0.308, 95% CI 0.148–

0.639, P=0.002), LVI (HR: 2.138, 95% CI 1.063–4.301,

P=0.033), staging (HR: 1.380, 95% CI 1.059–1.799,

P=0.017), pathological grading (HR: 3.050, 95% CI 1.080–

8.608, P=0.035) were associatedwith OS (Figure 3A). The

results of Cox multivariate regression analysis showed that

grade (HR: 3.059, 95% CI 1.081–8.661, P=0.035), APE1

(HR: 1.932, 95% CI 1.005–3.714, P=0.048), polβ (HR:

2.620, 95% CI 1.373–5.000, P=0.003), CD8 (HR: 0.323,

95%CI 0.151–0.693, P=0.004) were independent prognostic

factors. The results of Cox regression analysis are shown in

Table 4. A competing-risk nomogram was developed for the

prediction of the probability of OS at 3 years (Figure 3B).

This model was based on stage, grade, LVI, and expression

of APE1, polβ, IRF3, CD4, CD8. By calculating the total

number of risk points on the nomogram, one is able to

calculate the 3-year OS. The calibration plots were separately

demonstrated for a 3-year OS. And the c-index of this model

was 0.79 (Figure 3C). On the basis of the statistically

significant model, patients were further dichotomized into

high-risk and low-risk groups, which revealed a significant

different OS probability between the two groups (Figure 3D).

Table 1 Clinicopathological features of patients with UTUC

Clinical and pathological characters N (%)

Median age, years (range) 70 (47–91)

Sex, n (%)

Male 60 (68.18)

Female 28 (31.82)

Smoking, n (%)

Yes 42 (47.73)

No 46 (52.27)

Tumor side, n (%)

Left 48 (54.55)

Right 40 (45.45)

Tumor location, n (%)

Calix or pelvis 51 (57.95)

Ureter 37 (42.05)

Symptom, n (%)

Hematuresis 58 (65.91)

Hydronephrosis 5 (5.68)

Low back pain 22 (25.00)

Type of surgery, n (%)

Open 16 (18.18)

Laparoscopic 72 (81.82)

RNU, n (%)

Yes 69 (78.41)

No 19 (21.59)

Pathological T stage, n (%)

Ta-T1 37 (42.05)

T2-T4 51 (57.95)

Pathological N stage, n (%)

pNx or pN0 80 (90.91)

pN1-2 8 (9.09)

Tumor stage AJCC staging, n (%)

I 37 (42.04)

II 10 (11.36)

III 22 (25.00)

IV 19 (21.60)

Tumor grade, n (%)

Low 17 (19.32)

High 71 (80.68)

LVI, n (%)

Yes 17 (19.32)

No 71 (80.68)

Abbreviations: RNU, radical nephroureterectomy; LVI, lymphovascular invasion.
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Correlation analysis among IHC makers
In order to investigate the biological relationship between

the IHC markers and clinical characteristics, we generated

a correlogram (Figure 4). Strikingly, we found that polβ
was negatively correlated with CD4+ T cells (r=−0.288,
p=0.007) and positively correlated with CD20+ B cells

(r=0.225, p=0.036). Moreover, STING is negatively corre-

lated with LVI (r=−0.252, p=0.02), CD20 is positively

correlated with PD-L1 (r=0.238, p=0.026), grade is nega-

tively correlated with XRCC1 (r=−0.215, p=0.044), and
positively correlated with PD-L2 (r=0.284, p=0.008), stage

(r=0.4, p<0.001) and LVI (r=0.239, p=0.026).

Discussion
Genome instability and mutation is the hallmark of cancer.31

On one hand, they can promote the occurrence and develop-

ment of tumors. On the other hand, a large number of recent

basic studies have found that genome instability can further

activate innate and adaptive immunity by releasing danger-

ous signals such as dsDNA and being recognized by pattern

recognition receptors such as cGAS-STING pathway.32 The

result of genomic instability is the initiation of DNA damage

repair.16 BER is the most extensive and basic way to repair a

large number of base damage.33 Therefore, the BER pathway

proteins expression level in cancer cells can reflect the level

of DNA damage repair in cancer cells to an extent. This study

explored the effect of BER and STING pathway proteins on

the prognosis of UTUC from the clinical perspective. The

main findings are: high expression of IRF3 is associated with

better prognosis, regardless of DFS or OS. In addition, high

expression of APE1, polβ is associated with poor prognosis.

CD8+ T cell infiltration was also found to be a prognostic

factor for UTUC, polβ is found to be correlated with T cell

infiltration.

APE1 is a key protein within the BER pathway as it

processes the vast majority of AP sites in the cell.34

Table 2 Association of IHE makers expression with clinicopathological parameters

Protein Expression Pelvis Ureter p Low grade High grade p I II+III+IV p

APE1 Low 16 13 0.819 7 22 0.422 15 14 0.252

High 35 24 10 49 22 37

NTH Low 18 18 0.273 6 30 0.600 14 22 0.665

High 33 19 11 41 23 29

XRCC Low 24 16 0.829 4 36 0.043 19 21 0.390

High 27 21 13 35 18 30

OGG1 Low 39 31 0.437 12 58 0.308 31 39 0.437

High 12 6 5 13 6 12

POLB Low 32 22 0.826 11 43 0.753 26 28 0.185

High 19 15 6 28 11 23

STING Low 37 32 0.189 15 55 0.323 28 41 0.610

High 14 5 2 16 9 10

IRF3 Low 21 14 0.827 6 29 0.675 15 20 NA

High 30 23 11 42 22 31

CD4 Low 25 16 0.667 10 31 0.260 16 25 0.667

High 26 21 7 40 21 26

CD8 Low 33 18 0.1892 10 41 0.936 19 32 0.382

High 18 19 7 30 18 19

CD20 Low 43 21 0.007 13 51 0.699 28 36 0.636

High 8 16 4 20 9 15

PD-L1 Low 38 29 0.8016 13 54 0.971 28 39 NA

High 13 8 4 17 9 12

PD-L2 Low 27 20 NA 14 33 0.008 23 24 0.197

High 24 17 3 38 14 27

Dovepress Wang et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
7729

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Amongst BER components, APE1 has been intensively

studied for its extensive range of cellular functions. In

addition to its known role as the major AP site endonu-

clease, APE1 also has transcriptional regulatory activity

involving redox-mediated modulation of transcription

factors, as well as multiple roles in RNA metabolism.35

Our previous studies suggested that the high expression

of APE1 in lung cancer, liver cancer and gastric cancer is

associated with poor prognosis and platinum

resistance.27,36,37 Jeon BH also found that the serum

APE1 and urine APE1 of patients with bladder cancer

were significantly higher than that of normal people,

suggesting APE1 to be a potential marker.38,39

Consistent with previous studies, our study found that

high expression of APE1 was associated with adverse

OS; however, the relationship between APE1 and DFS

was not found, nor was the difference between APE1 in

low-grade and high-grade urothelial cancer, muscle inva-

sion and non-muscle invasion found. The possible

explanation is that APE1 itself has no difference between

low-grade and high-grade urothelial cancer, muscle inva-

sion and non-muscle invasion in UTUC, or the number of

samples is too small to reflect the difference.

polβ is the main polymerase involved in BER, and is

responsible for two key activities in the BER pathway:

DNA polymerase and 5ʹ-dRP lyase activities. polβ is

responsible for inserting the correct bases into the DNA

backbone of the APE1-cut DNA in the BER pathway and

restoring the correct base pairing of the DNA strand. A

large number of studies have found that mutations in polβ
at some key sites are associated with susceptibility to

cancer,40,41 and some somatic mutations are associated

with resistance to platinum treatment.42 However, there

are few studies on the connection between polβ expression

and prognosis in tumors. In this study, polβ was found to

have worse prognosis in patients with high expression of

UTUC in terms of protein expression, and it was found to

be negatively correlated with tumor-infiltrating CD8+ T

lymphocytes, the mechanism of which remains to be

further studied.

Figure 1 Kaplan–Meier survival analysis of DFS in subsets of high- and low-expression groups of the prognostic makers including APE1, NTH1, OGG1, XRCC1, Polβ,
STING, IRF3, PD-L1, PD-L2, CD4, CD8, CD20 (log-rank test), blue means low expression, red means high expression. Results low expression of IRF3, CD4, CD8, and high

expression of polβ were associated with shorter DFS.
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Figure 2 Kaplan–Meier survival analysis of OS in subsets of high- and low-expression groups of the prognostic makers including APE1, NTH1, OGG1, XRCC1, Polβ,
STING, IRF3, PD-L1, PD-L2, CD4, CD8, CD20 (log-rank test), blue means low expression, red means high expression. Results high expression of APE1, polβ, and low

expression of CD4, CD8, IRF3 were correlated with poor OS.

Table 3 Predictive factors for DFS in UTUC patients

Variables Univariate Multivariate

HR CI 95% p-value HR CI 95% p-value

Age,<65,≥65 1.128 0.628–2.027 0.687

LVI 1.925 1.002–3.697 0.049

STAGE 1.423 0.802–2.526 0.228

GRADE 1.502 0.727–3.102 0.272

NTH1 1.291 0.717–2.324 0.394

XRCC1 0.645 0.367–1.133 0.127

APE1 1.321 0.734–2.373 0.352

OGG1 1.103 0.551–2.209 0.781

POLB 1.733 0.991–3.032 0.054

STING 0.514 0.230–1.149 0.105

IRF3 0.486 0.276–0.853 0.012 0.451 0.243–0.837 0.024

CD4 0.468 0.263–0.835 0.010

CD8 0.435 0.235–0.805 0.008 0.522 0.295–0.926 0.014

CD20 0.530 0.434–1.537 0.530
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Table 4 Predictive factors for OS in UTUC patients

Variables Univariate Multivariate

HR CI 95% p-value HR CI 95% p-value

Age,<65,≥65 0.848 0.447–1609 0.614

LVI 2.138 1.063–4.301 0.033

STAGE 1.380 1.059–1.799 0.017

GRADE 3.050 1.080–8.608 0.035 3.059 1.081–8.661 0.035

NTH1 1.032 0.535–1.991 0.924

XRCC1 0.638 0.340–1.198 0.162

APE1 2.122 1.110–4.056 0.023 1.932 1.005–3.714 0.048

OGG1 0.599 0.251–1.430 0.248

POLB 2.766 1.466–5.215 0.002 2.620 1.373–5.000 0.003

STING 0.628 0.263–1.501 0.296

IRF3 0.496 0.264–0.934 0.030 0.539 0.277–1.049 0.069

CD4 0.399 0.208–0.764 0.006

CD8 0.308 0.148–0.639 0.002 0.323 0.151–0.693 0.004

CD20 0.842 0.603–1.176 0.314

Figure 3 DNAdamage, IRF3 and tumor-infiltrating lymphocytes are an independent prognostic factorofUTUC. (A) Forest plot indicatingHR (blue squares) and corresponding 95%CI

(blue horizontal lines) of IHE makers and clinical characteristics for OS. In figure 3A blue represents p>0.05, and red represents p<0.05. (B) Internal cross-validated adaptive elastic-net
model forOS is illustrated by a nomogram.A straight upward line to the “Points” axis is drawn for each individual patient clinical characteristic andmarker expression, following a straight

downward line to the “Total Points” axis, the “Linear Predictor” and the corresponding “3-YearOverall Survival Probability”. (C) Calibration plots demonstrate virtually ideal predictions

for 3-year OS, c-index equals 0.79. (D) Kaplan–Meier survival analysis of OS in subsets of high- and low-risk groups, according to the Internal cross-validated adaptive elastic-net model.
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IRF3 is constitutively expressed in most cell types; it

has been extensively studied as a major transcription factor

regulating I-IFN involved in antiviral response. Current

studies suggest that IRF3 is also a key molecule in the

Toll-like receptor signaling pathway, STING signaling

pathway and RIG signaling pathway, inducing important

cytokines. Moreover, IRF3 interacts with other transcrip-

tion factors, coactivators and repressors, including other

IRFs, NF-κB p65, Maf-B, β-catenin, RORγt or the proa-

poptotic molecule Bax.43 This broadens its capacity to

influence different cellular processes such as cell death

or metabolism. As the downstream of STING signaling

pathway, IRF3 mainly regulates the production of I-IFN.

In tumor microenvironment, DNA damage can further

induce the production of I-IFN through the activation of

IRF3 induced by STING.44 In this study, we found that

IRF3 was associated with the prognosis of UTUC, but no

correlation was found between IRF3 and BER pathway

proteins. We speculate this may be related to the activation

of IRF3. It is well known that IRF3 is activated by

phosphorylation and transferred into the nucleus to med-

iate the production of I-IFN. Therefore, the total expres-

sion level of IRF3 protein is not sufficient to explain its

activation status.

TILs are the local histopathological reflection of the

host’s immune response to cancer cells. Many studies have

shown TILs as a good prognostic factor in a variety of tumors

(such as breast cancer, rectal cancer, lung cancer, melanoma,

etc.).45–47 and the presence of TILs can lead to better clinical

prognosis. In addition, this TILs-based immune score is more

accurate than traditional histology or even MSI status in

predicting the prognosis of patients with early colorectal

cancer.48 There are also studies in bladder cancer suggesting

that tumor-infiltrating immune cells, including TINs, TILs

and NLR are important markers in predicting the prognosis

of bladder cancer patients. TINs and NLR were more likely

to be negative predictors, while TILs were favorable in

patients with BC.49 In this study, univariate analysis showed

that CD4 and CD8 are prognostic factors of DFS and OS, but

only CD8 function as an independent prognostic factor after

Figure 4 A correlogram of marker panel values is shown. Correlation coefficients (r) for all markers are given in the lower triangle. Colored circles indicate statistically

significant correlations. Size and color intensity of the circles are related to the correlation coefficients. Blue color represents negative and red color positive correlations.
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multivariate analysis, and high expression CD8 was asso-

ciated with good prognosis. CD4, CD8 was also found to be

associated with polβ, a possible explanation being DNA

repair capacity serves as a key determinant of mutation

load. DNA repair-deficient cancers have increased genomic

instability, leading to a “mutator phenotype” characterized by

the accumulation of mutations. For example, MMR-deficient

colorectal cancers not only have 10 to 100 times more

somatic mutations compared with MMR-proficient colorec-

tal tumors, but also have prominent lymphocytic infiltration.

But polβ is negatively correlated with CD4 and positively

correlated with CD8, the underlying mechanism is unclear.

In conclusion, we found that BER protein APE1, polβ,
STING pathway protein IRF3 and CD8+ T cells were

associated with the prognosis of UTUC patients, and

polβ was associated with CD8+ T cells in TME. These

positive results provide clinical evidence for recruitment

and activation of TILS through STING pathway activated

by DNA damage repair. However, further research on

mechanisms are still needed to support our study.
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