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Abstract
Background: The APOBEC3B enzymes are endogenous carcinogenic mutagens. Metastatic urothelial
carcinomas often harbor APOBEC3B-mediated mutations in which tCw to T or G substitution occurs. A
high mutation burden in urothelial carcinoma can increase T-cell immunity against cancer cells, affecting
prognosis. In this study, we aimed to evaluate patient survival and CD8+ T-cell density according to
APOBEC3B expression in patients with metastatic urothelial carcinoma who underwent cytotoxic
chemotherapy.
Methods: We performed a retrospective study in 94 patients with urothelial carcinoma who were treated
with the first line palliative chemotherapy. Immunohistochemistry staining was performed to evaluate
APOBEC3B expression and CD8+/CD3 ratio of tumor-infiltrating lymphocytes. Survival curves according
to APOBEC3B expression were generated using the Kaplan–Meier method and compared using the logrank test. The correlation between APOBEC3B expression and tumor-infiltrating lymphocytes was
analyzed using Pearson’s chi-squared test.
Results: A high APOBEC3B expression was detected in 71 of the 94 patients (75.5%). The median overall
survival of patients with high APOBEC3B expression (15 months) was longer than that of patients with
low APOBEC3B expression (p = 0.045 by log-rank test). The hazard ratio based on the Cox regression
analysis was 0.252 (95% confidence interval 0.082–0.781, p = 0.017). APOBEC3B expression was
associated with the CD8+/CD3+ ratio of tumor-infiltrating lymphocytes (odds ratio 2.914, 95% confidence
interval 1.030–8.249, p = 0.039).
Conclusions: APOBEC3B expression was an independent prognostic factor in patients with metastatic
urothelial carcinoma treated with platinum-based chemotherapy. Tumor-infiltrating cytotoxic T cells
correlated with APOBEC3B expression.

Background
Urothelial carcinoma is a histopathological subtype of malignancy that originates from the urinary tract
epithelial linings from the renal calyces to the urethra [1]. The most common primary site of urothelial
carcinomas (90–95%) is the bladder [1, 2]. The response rate of metastatic bladder cancer to platinumbased systemic chemotherapy, the main treatment option, is high (at 40–60%) compared with that of
other solid cancers [3]. In addition, recently, immune checkpoint inhibitors (ICIs) as a second line or higher
treatment for metastatic bladder cancer have been shown to prolong patient survival [4]. However, the
median overall survival (OS) is around 10–12 months and prognosis remains poor [3–5]. Therefore, it is
important to analyze the prognosis of metastatic urothelial carcinoma and to develop appropriate
treatment strategies to improve patient survival.
The risk factors for bladder cancer are exposure to chemicals, such as those in tobacco, chronic irritation,
and abnormalities in genes related to cell cycle regulation [6]. In terms of gene abnormalities, an analysis
of the frequency of somatic mutations using 3,083 tumor–normal paired specimens from 27 types of
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cancer revealed that bladder cancer has a mean non-synonymous mutation rate of 8.2
mutations/megabyte (MB) and a median rate of 5.8 mutations/MB [7, 8]. This is the third highest
frequency rate, following that of malignant melanoma and non-small cell lung cancer [7]. An analysis of
the mutation spectrum showed that the major mutation pattern differs for each cancer type, such as TpC
> mutation for bladder cancer, C > T for malignant melanoma, C > A for lung cancer, and CpG > T for
gastrointestinal track cancer [7]. Furthermore, according to an analysis of somatic mutations in human
cancers available in the Catalogue Of Somatic Mutations In Cancer (COSMIC) cancer database, bladder
cancer harbors 1, 2, 5, 10, and 13 mutation signatures [9]. Of these, signatures 2 and 13 overlap with the
aforementioned TpC > mutation pattern [7], which is a well-known form of apolipoprotein B mRNA editing
enzyme (APOBEC)-mediated mutation in which the C in the tCw triplet motif is changed to a T or G [10,
11].
The APOBEC enzymes are a family of evolutionarily conserved cytidine deaminases and are endogenous
mutagens that induce somatic driver and passenger gene mutations in human cancers through cytidine
deaminase [11]. Currently, the most well-known epidemiologic cause of bladder cancer is smoking, which
accounts for 50% of the cases [6]. The mutational pattern C > A is known to be related to smoking and is
often observed in lung cancer, whereas the tCw > T or G mutational pattern is mainly observed in bladder
cancer [7, 11]. This suggests that in addition to smoking, APOBEC-mediated mutations are a major
contributor to bladder cancer development. Therefore, it can be assumed that tumor biology and bladder
cancer prognosis may differ according to the APOBEC-related mutagenesis involved. An analysis of a
bladder cancer cohort in The Cancer Genome Atlas (TCGA) database revealed that the expression of
APOBEC3B, which is one of several members of the APOBEC family, is upregulated and is associated
with patient survival [12]. We hypothesized that these results may be associated with the infiltration of T
lymphocytes into tumors as a result of an APOBEC-mediated high mutation burden. Therefore, in the
present study, we investigated the prognosis of metastatic urothelial carcinoma according to APOBEC3B
expression and analyzed tumor-infiltrating lymphocytes (TILs) by investigating tumor immunity.

Methods

Study Population and Design
This was a retrospective study approved by the Institutional Review Board of the Seoul St. Mary’s
Hospital of the Catholic University of Korea (KC18SESI0437). All patients provided written informed
consent for participating in the study. The study was conducted in patients treated with the first line
palliative chemotherapy for metastatic urothelial carcinoma from 2009 to May 2018 at Seoul St. Mary’s
Hospital. All diagnoses were confirmed pathologically. The chemotherapy regimens included gemcitabine
plus cisplatin or gemcitabine plus carboplatin for patients who were ineligible to receive cisplatin. To
evaluate treatment responses, we reviewed the results of computed tomography imaging. Radiological
changes were assessed using Response Evaluation Criteria in Solid Tumors version 1.1 [13]. Other clinical
factors reviewed were age, sex, Eastern Cooperative Oncology Group Performance Status (ECOG-PS),
primary site of urothelial carcinoma, initial cancer stage at diagnosis, history of tumor resection, and
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previous or subsequent chemotherapy. All patients were followed until data lock (October 13, 2019) or
death.

Immunohistochemistry (IHC)
A formalin-fixed, paraffin-embedded block containing both tumor and normal tissue was selected to serve
as an internal control. The IHC analysis was performed as described previously [14]. The primary
antibody against human APOBEC3B used in the procedure was a rabbit polyclonal anti-APOBEC3B
antibody (Abcam, Cambridge, UK) at a concentration of 5 µg/ml. To analyze APOBEC3B expression, K.Y.
(a pathologist) evaluated nucleus and cytoplasm staining of each sample using a semiquantitative
score. The scores were on a scale of 0–300, and they were calculated by multiplying the staining
intensity (0: no staining, 1: weak, 2: moderate, and 3: strong) with the percentage of cells (0%–100%) at
each intensity level (Fig. 1). To analyze TILs, all cancer components on the entire slide were carefully
evaluated and the most active foci were selected. Three areas were evaluated for CD3, CD4, CD8, and
FOXP3 staining using 20× objective magnification. Two of the areas were focused on stromal TILs and
one area focused on intra-tumoral TILs (Fig. 2) [15]. The TILs were counted and the area occupied by TILs
per total stromal or tumoral area was calculated using Image J software (National Institutes of Health,
Bethesda, MD, USA) (Fig. 3). The IHC staining was evaluated by the pathologist blinded to the patient
outcomes.

Interpretation of APOBEC3B Expression and TILs Based on
IHC Staining
To assess APOBEC3B expression, Histo-score (H-score) was calculated in a range of 0 to 300 using the
following formula: H-score = (3 × percentage of strongly staining) + (2 × percentage of moderately
staining) + (percentage of weakly staining) [16]. The APOBEC3B enzymes are produced in the cytoplasm
and transported to the nucleus to function as mutagens [11]. Therefore, we determined the H-scores for
APOBEC3B expression in both cytoplasm and nucleus, and then added the values to interpret APOBEC3B
expression. The patients were classified as high and low expressing depending on the combined nucleus
and cytoplasm H-scores. The cut-off level of H-score was 90 for the first quartile.
To evaluate tumor-infiltrating cytotoxic and regulatory T cells, CD8+/CD3+ ratios and FOXP3+/CD4+
ratios, respectively, were calculated. Each ratio was calculated for stromal and intra-tumoral staining and
summarized as a range of 0.00 to 2.00. The patients were assigned low- and high-infiltrating groups
depending on the values using a demarcation value of 1.00 for the two groups.

Statistical Analysis
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The baseline characteristics of patients were compared using the chi-squared test for each category.
Overall survival and progression-free survival (PFS) were calculated from the start date of gemcitabine
plus platinum chemotherapy to the date of death or to the date of disease progression, respectively.
Survival curves were generated using the Kaplan–Meier method and were compared using the log-rank
test. Multivariate Cox regression models were used to verify the prognostic value of APOBEC3B. The
correlation between APOBEC3B expression and TILs was analyzed using Pearson’s chi-squared test.
Chemotherapy response was also analyzed using the chi-squared test based on APOBEC3B expression
and TILs. All statistical analyses were performed using SPSS software (version 24; IBM Corp., Armonk,
NY, USA). Results with a two-sided p-value of <0.05 were considered statistically significant.

Results

Baseline Characteristics
Ninety-four patients were included in this retrospective study. The characteristics of these patients are
presented in Table 1. Smoking history was not included as the relevant information was not available for
most of the patients. A high expression of APOBEC3B was observed in 71 of the 94 patients (75.5%); this
similar to the TCGA bladder cancer cohort data for APOBEC-mediated mutation enrichment scores
(83.5%) [12]. There were no significant differences according to the APOBEC3B expression status for
treatment-related factors, namely, chemotherapy regimen, subsequent chemotherapy, or resection history
(Table 1).
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Table 1
Baseline characteristics of the patients

Age

Sex

ECOG

Primary Site

Initial Stage at
diagnosis

Regimen

previous
chemotherapy

Subsequent
chemotherapy

Surgery

H-score of APOBEC3B

Total
(N=94)

A3B1 Low*
(N=23)

A3B High**
(N=71)

median
(range)

68 (36-93)

68 (48-88)

70 (36-93)

<65

33

6

27

≥65

61

17

44

Female

22

5

17

Male

72

18

54

0

16

1

15

1

23

5

18

2

10

2

8

unknown

45

15

30

Renal pelvis

22

8

14

Ureter

22

4

18

Bladder

50

11

39

I-III

57

13

44

IV

37

10

27

Gem/Cis

29

4

25

Gem/Carbo

65

19

46

No

83

21

62

Yes

11

2

9

No

43

9

34

Yes

51

14

37

No

41

13

28

Yes

53

10

43

median
(range)

110 (0280)

70 (0-90)

120 (95-280)

1. A3B: APOBEC3B
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p
value

0.297

0.828

0.314

0.642

0.108

1.000

0.464

0.151

*Low: H-score ≤ 90, **High, H-score > 90, H-score (nucleus + cytoplasm) = intensity ×
proportion

Prognostic Value of APOBEC3B for Patient Survival
The survival of patients was assessed according to the APOBEC3B expression status. The median OS
was longer in patients with high APOBEC3B expression at 15 months than in those with low expression at
9 months (p = 0.045 by log-rank test; Fig. 4a). Similarly, the median PFS was longer in patients with high
APOBEC3B expression at 7 months than in those with low expression at 4 months (p = 0.018 by log-rank
test; Fig. 4b). We also analyzed the hazard ratio (HR) according to the APOBEC3B expression status using
the Cox regression models. The multivariate analysis was adjusted for chemotherapy response,
subsequent chemotherapy, surgery, ECOG-PS, and chemotherapy regimen. These variables were found to
be significant factors based on the log-rank test (Supplementary 1), and chemotherapy regimen is
historically a significant factor [5]. The results presented in Table 2 showed that the APOBEC3B
expression status was an independent prognostic factor for OS [HR 0.252, 95% confidence interval (CI)
0.082–0.781, p = 0.017], but it was not significant for PFS according to the Cox regression analysis (HR
0.417, 95% CI 0.141–1.231, p = 0.113).
Table 2
Hazard ratio by Cox regression analysis
OS

PFS

HR

95% CI

p value

HR

95% CI

p value

ECOG

1.769

0.568-5.509

0.157

1.637

0.528-5.074

0.491

Surgery

0.726

0.364-1.448

0.364

0.601

0.295-1.225

0.161

Regimen

0.899

0.387-2.088

0.804

0.812

0.347-1.904

0.633

Response

CR or PR

1.000

1.000

SD or PD

4.239*

1.744-10.304

0.001

4.423

1.763-11.100

0.002

Subsequent chemotherapy

0.767

0.351

1.675

2.014

0.968-4.194

0.061

APOBEC3B

Low

1.000

High

0.252

0.141-1.231

0.113

1.000
0.082-0.781

0.017

0.417

TIL Differences According to the APOBEC3B Expression
Status
As APOBEC3B is an endogenous carcinogenic mutagen by APOBEC-mediated cytidine deamination [10,
11], we hypothesized that APOBEC mutation would result in the production of a tumor neoantigen and
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increased infiltration of T lymphocytes into intra- or peri-tumor tissues. This was evaluated by comparing
CD8+/CD3+ TIL ratio between patients with high and low APOBEC3B expression. The results showed that
low APOBEC3B expression was associated with a low CD8+/CD3+ TIL ratio (odds ratio 2.914, 95% CI
1.030–8.249, p = 0.039; Table 3). Interestingly, similar to APOBEC3B, there was a difference in the OS and
PFS according to the CD8+/CD3+ TIL ratio (Supplementary 2). These findings suggested that APOBEC3B
expression correlated with TILs in metastatic bladder cancer. With respect to tumor-infiltrating regulatory
T cells, the FOXP3+/CD4+ TIL ratio was not associated with the APOBEC3B expression status (chisquared test, p = 0.186), although a small number of patients (n = 10) presented a low FOXP3+/CD4+ TIL
ratio among the 47 patients who showed high APOBEC3B expression with objective responses. The
FOXP3+/CD4+ TIL ratio was not related to CD8+/CD3+ TIL ratio (chi-squared test, p = 0.894).
Table 3
Association between APOBEC3B expression and CD8+/CD3+
ratio
Intra-tumoral and stromal TILs number
CD8/CD3 ratio

Total

A3B low

A3B high

p value

Low

52

17

35

0.039

High

42

6

36

Intra-tumoral and stromal TILs area
CD8/CD3 ratio

Total

A3B low

A3B high

p value

Low

52

17

35

0.039

High

42

6

36

Evaluation of APOBEC3B Expression as a Predictive Marker
for Cytotoxic Chemotherapy
In a study of neoadjuvant chemotherapy for muscle invasive bladder cancer, TILs were found to be
associated with a cisplatin-based chemotherapy response [17]. Therefore, considering the association of
APOBEC3B expression with TILs, we expected that high APOBEC3B expression might be associated to a
better cytotoxic effect for metastatic urothelial carcinoma. However, there was no significant difference in
chemotherapy response according to the APOBEC3B status (p = 0.227; Table 4) and TILs (p = 0.559;
Supplementary 3).
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Table 4
Chemotherapy response according to APOBEC3B expression
Total

A3B* low

A3B high

p value

CR or PR

59

12

24

0.227

SD or PD

35

11

47

CR, PR or SD

73

15

58

PD

21

8

13

Total

A3B low

A3b high

CR

18

2

16

PR

41

10

31

SD

14

3

11

PD

21

8

13

Total

94

23

71

0.099

*A3B: APOBEC3B

Discussion
In this study, we evaluated the prognostic significance of APOBEC3B expression in metastatic bladder
cancer. In a previous comparative study of 14 cancer types, APOBEC-mediated mutations in bladder
cancer were observed at a higher rate than in other cancers [11]. APOBEC mutation has been report to
correlate with APOBEC mRNA expression and APOBEC1, APOBEC3A, APOBEC3B, APOBEC3F, and
APOBEC3G among of the APOBEC family members are statistically confirmed to correlate [8]. APOBEC3B
presented the strongest correlation (Spearman = 0.30, p < 0.001), and the expression level of APOBEC3B
mRNA in bladder cancer was significantly higher than the median value of all samples of 14 cancer types
evaluated in the previous study [11]. In addition, only APOBEC3B of the APOBEC family showed
significantly higher mRNA expression in bladder cancer than in the normal tissue (p < 0.001) [8].
Therefore, we selected APOBEC3B from several APOBEC enzymes as the subject of this study. The
survival curves were clearly grouped depending on the APOBEC3B expression status. Previous studies
support our current results, although there are no studies on APOBEC3B specifically [18, 19].
APOBEC3 is one of the cytidine deaminases involved in C to U editing [11]. It was first discovered in
relation to a restriction factor against viral infection and adaptive immunity through antibody
diversification [10, 11]. Subsequently, APOBEC mutation of the tCw motif was identified, and it was found
to be highly specific in single-stranded DNA and responsible for somatic mutations that may induce
carcinogenesis and cancer evolution in various type of human solid cancers [10, 11]. Gene mutations in
bladder cancer resulting in a high expression of APOBEC are frequently observed in genes related to DNA
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damage response, chromatin modification, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic
subunit alpha (PIK3CA), and tumor protein p53 (TP53) [12]. In contrast, specimens with a low expression
of APOBEC are reported to have mutations in KRAS and fibroblast growth factor receptor 3 (FGFR3) [12].
These distinct mutational characteristics suggest that the tumor biology of bladder cancer may be
different between those with high and low expression of APOBEC3B and that the APOBEC3B activity may
be associated with DNA damage response. A previous study in a breast cancer cell line reported that the
loss of tumor suppressor genes, such as TP53, and DNA replication stress induce increased transcription
of APOBEC3B [20]. The replication stress increases replication fork stalling, and exposure of singlestranded DNA may favored APOBEC3B function [11, 21]. In addition, in APOBEC3A-expressing cells,
inhibition of ataxia telangiectasia and Rad3-related protein (ATR), a protein involved in DNA damage
response, results in an increase in apurinic/apyrimidinic (abasic) sites and the accumulation of singlestranded DNA, which drive cells into a replication catastrophe, including massive DNA breakage and cell
death [22]. Therefore, we thought that increased APOBEC3B activity may accelerate the production of
various neoantigens in bladder cancer cells. The difference in antigenicity may ultimately result in tumor
immunity in APOBEC3B-expressing bladder cancer. However, the association between tumor mutation
burden and TILs, which can reflect tumor immunity, is still unclear, and further study is needed in this
regard [23].
We assessed intra-tumoral and peri-tumoral TILs, but not tumor mutation burden, in relation to
APOBEC3B expression. A previous study reported that a high density of intra-tumoral CD8 + T cells is
associated with longer OS (p = 0.02) [24]. Consistent with this finding, intra-tumoral and stromal TILs in
breast cancer influence treatment outcomes [25]. In an analysis of TCGA RNA-sequencing data, the
expression of the APOBEC3 family members correlated with T-cell markers in various types of solid
cancers and APOBEC3G exhibited a strong correlation with activated cytotoxic T-cell markers, such as
granzyme B (GZMB) and perforin (PFR1) in high-grade ovarian cancer (r = 0.6591, p < 0.0001 and r =
0.6422, p < 0.0001, respectively) [26]. With respect to tumor mutation burden, APOBEC3B expression is
strongly correlated with the total mutation burden in bladder cancer (r = 0.3308, p < 0.001) [12]. These
previous study results suggest that in metastatic bladder cancer, the differences in survival curves
depending on APOBEC3B expression may be associated with APOBEC-mediated mutations and TILs.
Consistent with this, our study showed that there were distinct high-expressing and low-expressing
APOBEC3B groups in terms of TILs and survival curves.
Our study results suggested that APOBEC3B was an independent prognostic factor for metastatic
urothelial carcinoma and appeared to be associated with TILs, which can represent tumor immunity.
However, there were limitations to our study. First, the immune response against cancer cells is
substantially complicated and cannot be simply explained by only infiltrating cytotoxic T-cells [10]. Many
factors associated with immune suppressive activity are present in the tumor microenvironment, such as
TGFβ, and tumor cells continue to evolve through mechanisms such as epithelial–mesenchymal
transition, angiogenesis, and immune inhibitory molecule production, which help in promoting immune
evasion [10]. We did not evaluate these various factors of the tumor microenvironment in the present
study. Second, there is considerable evidence from previous studies regarding correlations between total
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non-synonymous mutation of cancer-associated genes and mRNA expression of APOBEC3B [11, 12].
However, these studies were limited in relation to the association of mRNA expression with protein
expression, especially in metastatic urothelial cancer. Therefore, based on the previous mRNA studies, we
assumed that the high expression of APOBEC3B protein may lead to cancer-associated mutagenesis and
the first quartile of the APOBEC3B H-score was determined as a cut-off value, because the proportion of
APOBEC3B mRNA expression was approximately 80%. Finally, our study was a retrospective study and
inevitably was limited in the ability to adjust for various confounding factors. Given the total number of
patients and cut-off value, there were fewer patients in the low-expression group compare with those in
the high-expression group. A future well-designed prospective study is required to overcome these
limitations and to verify our findings.
There are some interesting questions that our study raises. Recognition of tumor antigen is important for
infiltrating cytotoxic T-cells to operate in the immune system [10]. For this purpose, immunogenic cell
death is needed to expose antigens in identifiable states to appropriate immune cells [27]. Platinum
agents are well known to be involved in immunogenic cell death [27]. Perhaps this is related to immune
surveillance and is a factor leading to a better prognosis of patients with high APOBEC expression in
bladder cancer undergoing cytotoxic chemotherapy than patients with low APOBEC expression [10]. On
the contrary, chemotherapy could induce replication stress and higher APOBEC3B expression, which may
ultimately lead to the development of and increase in clones during chemotherapy resistant to cytotoxic
drugs [10]. Taken together, APOBEC3B may have lasting effects of the initial cytotoxic chemotherapy
response to acquired resistance.
Another question is whether APOBEC3B expression influences the effect of ICIs. In bladder cancer, anti
PD1 or PD-L1 monoclonal antibodies are among the therapeutic choices for treating patients with
metastatic urothelial carcinoma [4]. However, in the present study, we did not evaluate the PD-L1 status,
which is often used as a predictive marker for anti PD1 or PD-L1 antibodies. A previous study reported
that APOBEC3B expression was marginally associated with PD-L1 expression on immune cells in
metastatic urothelial carcinoma (p = 0.05) [19]. Another study suggested that APOBEC-induced
mutagenesis affects immune evasion of cancer cells through HLA mutations in urothelial carcinoma [10].
Contrary to a good response expected due to increased tumor mutation burden, these results support the
possibility of resistance to immune check point inhibitors in metastatic urothelial carcinoma by harboring
APOBEC3B-mediated mutations. Therefore, besides cytotoxic chemotherapy, further studies are needed to
evaluate the influence of APOBEC3B mutation with immune check point inhibitors in urothelial
carcinoma.

Conclusions
In summary, APOBEC3B was an independent prognostic factor for metastatic urothelial carcinoma
treated with platinum-based chemotherapy. Tumor-infiltrating cytotoxic T-cells correlated with APOBEC3B
expression. Therefore, the impact of APOBEC3B on the prognosis of metastatic urothelial carcinoma may
involve increased T-cell immunity.
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Figures

Figure 1
Immunohistochemistry staining of APOBEC3B

Figure 2
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Immunohistochemistry staining of CD3+ and CD8+ T cells

Figure 3
Counting of intratumoral CD3+ T cells using Image J software
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Figure 4
Survival curves according to APOBEC3B expression
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