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Abstract 
Breast cancer (BC) ranks first for incidence and mortality in gynecological malignant tumors. This study aims to investigate 
the diagnostic value of Tank-binding kinase 1 (TBK1) and its correlation with androgen receptor (AR) and other serum cancer-
related biomarkers in BC patient. The present observational study included 451 female BC patients and 451 healthy controls. 
Serum levels of TBK1, AR and other cancer-related biomarkers were detected in all the patients and healthy controls. Patients’ 
demographic data and clinical data including age, body mass index (BMI), tumor node Metastasis (TNM), pathological type, tumor 
size and lymph node metastasis were collected. The follow-up lasted for 5 years. 

The deceased group had higher rate of patients with TNM III~IV, lymph node metastasis or tumor diameter >2. Deceased group 
had much higher rate of patients with negative ER and positive Ki67. Besides, increased TBK1 was found in BC patients with positive 
correlation with AR, CA15-3, CA125, CEA, and CA19-9. Serum TBK1 was associated with the clinic outcomes of BC patients and 
those with high TBK1 had lower 5-year survival rate. Moreover, cutoff value of 13.95 ng/mL TBK1 showed AUC of 0.981 (93.6% 
for sensitivity and 86.3% for specificity) for diagnosing BC, and cutoff value of 22.65 ng/mL TBK1 had AUC of 0.996 (97.7% for 
sensitivity and 96.3% for specificity) for diagnosing the death of BC patients. Serum TBK1 was positively correlated with AR and other 
serum cancer-related biomarkers. In addition, high TBK1 predicted the poor prognosis and might be used for the diagnosis of BC.

Abbreviations: AR = androgen receptor, BC = breast cancer, BMI = body mass index, ELISA = enzyme linked immunosorbent 
assay, IHC = immunohistochemistry, K–M curve = Kaplan–Meier curve, ROC curve = receiver operating characteristic curve, 
TBK1 = Tank-binding kinase 1, TNM = tumor node metastasis.
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1. Introduction

Breast cancer (BC) ranks first for incidence and mortality 
in gynecological malignant tumors. Recent data shows more 
than 2.3 million cases are newly diagnosed as BC every year 
worldwide.[1,2] In China, a total number of 248,620 new 
BC cases were identified each year with a mortality of 6.6 
per 10,000, and the 5-year survival rate was estimated to 
be 88%, ranging from 58% to 90 % in different areas.[3] 
Current evidence shows a good prognosis for BC patients on 
early stage, however, the prognosis of patients on advanced 
stage with metastasis or patients with recurrence are not sat-
isfied.[4] The morbidity and mortality of BC have increased 
rapidly in last decades, thus, new diagnostic biomarker and 
therapeutic target are of great significance to improve the 
clinic outcomes.

Tank-binding kinase (TBK1) is a kind of atypical IκB kinases 
interacting with multiple substrates.[5] Numerous studies show 
that TBK1 plays important roles in the process of inflamma-
tory response, autophagy, and cell death. TBK1 was found to be 
involved in autophagy and mitophagy, and mutations of TBK1 
might result in impaired autophagy and induce amyotrophic lat-
eral sclerosis.[6] Zhao et al reported TBK1 regulated metabolism 
and inflammatory response in adipose tissue.[7] Nozawa et al 
demonstrated TBC1 domain family member 9 (TBC1D9) medi-
ated TBK1 expression in xenophagy and mitophagy via Ca2+ 
signaling in autophagy.[8]

Circulating evidence shows TBK1 is involved in pathogen-
esis of different cancers.[9] A previous review suggests TBK1 
have become a novel promising target against cancers.[10] 
Inhibition of TBK1 suppressed cell growth in VHL-deficient 
kidney cancer, besides, an in vivo study on orthotopic 
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xenograft model proved TBK1 deficiency alleviated kidney 
tumorigenesis.[11] TBK1 is also found to facilitate the tumor 
progression and considered as a potential treatment target for 
BC.[12] Deng et al reported that knockout of TBK1 inhibited 
cell growth in HER-2+ BC mouse model, and clinic data fur-
ther confirmed this finding.[13] However, up to now, the role 
of TBK1 in BC and its association with the prognosis of BC 
patients is still unclear.

Androgen receptor (AR) is expressed in 3 main BC subtypes 
and AR-directed therapies for BC attracts more and more atten-
tions.[14] The ratio of AR/ER is an independent predictor of 
disease-free survival and disease specific survival; besides, AR 
inhibitor suppressed estradiol-mediated cell proliferation and 
enhanced cell apoptosis in ER+/AR+ BC.[15] The expression rate 
of AR-positive was 72.9% in whole sections from primary BCs, 
and a significant correlation was found between AR and human 
epidermal growth factor receptor type 2 (HER-2) overexpres-
sion.[16] A review also shows 60% to 80% positive expression 
of AR in BC and illustrates AR pathway is associated with 
key signaling pathways, such as PI3K/Akt/mTOR and MAPK 
pathways.[17] However, no research focuses on the correlation 
between AR and TBK1 in BC.

Our research aims to study the role of TBK1, AR and serum 
cancer-related biomarkers in BC patients. It was found that 
TBK1 expression was positively correlated with the levels of AR 
and cancer-related biomarkers. High TBK1 expression was asso-
ciated with poor prognosis of BC patients. Additionally, TBK1 
showed diagnostic value for BC and the death in BC patients.

2. Objectives
Our research firstly aims to investigate the role of TBK1 in the 
progression of BC. Secondly, the association between TBK1 
and prognosis of BC patients will be analyzed. Additionally, the 
association between TBK1, AR and biomarkers related to can-
cer will also be studied. Finally, the diagnostic value of TBK1 
will be analyzed.

3. Methods and Materials

3.1. Patients

The present prospective observational study included 451 Asian 
cases of female BC patients who were admitted to our hospital 
from May 2013 to December 2015. All patients were diagnosed 
as BC by histological analysis. The cancer stage was defined 
by tumor, nodes, metastasis (TNM) stage. The inclusion crite-
ria were patients were diagnosed as primary BC for the first 
time and no patient received any chemotherapy or radiotherapy 
before the study. The exclusion criteria were patients who had 
severe inflammation or other system diseases including renal, 
liver and cardiovascular diseases; patients with other cancers or 
metastasis; and patients with recurrent BC or ductal carcinoma 
in situ. Both tumor tissue samples and paracancerous tissues 
were collected and were restored at −80°C for the following 
experiments. Additionally, blood samples and medical records 
of 451 healthy female cases who came to our hospital for physi-
cal examination during the same period were collected.

3.2. Measurement of serum TBK1 and other serum cancer-
related biomarkers

The measurement of serum TBK1 was performed by 
enzyme linked immunosorbent assay (ELISA) using Human 
TANK-binding kinase 1 ELISA Kit (MYBiosource, cat. No. 
MBS9330803, range 1.25–40 ng/mL). The serum levels of can-
cer-related biomarkers CA15-3, CA125, CEA, and CA19-9 
were measured by chemiluminescence immunoassay as reported 
elsewhere.[18]

3.3. Measurement of AR by immunohistochemistry

The AR expression in BC tissues were measured by immu-
nohistochemistry (IHC). In brief, samples were fixed at 60°C 
for 1 hour and deparaffinized in xylene solutions, followed 

Table 1

Basic characteristics of all participants.

Variables All patients, n = 451 Survival, n = 322 Deceased, n = 129 Healthy, n = 451 P* 

Age, yr 50.06 ± 14.27 49.34 ± 14.20 51.84 ± 14.34 49.55 ± 13.73 .096
BMI, kg/m2 26.15 ± 3.70 26.25 ± 3.74 25.91 ± 3.63 25.74 ± 3.68 .382
TNM stage, n (%)
  I–II 349 (77.38) 202 (87.45) 56 (43.41) – <.001
  III–IV 102 (22.62) 29 (12.55) 73 (56.59)   
Pathological type, n (%)
  Invasive ductal carcinoma 351 (77.83) 257 (79.81) 94 (72.87)  .109
  Invasive lobular carcinoma 82 (18.18) 52 (16.29) 30 (23.26)  .077
  Mucinous adenocarcinoma 18 (3.99) 13 (4.04) 5 (3.88)  .937
  Triple negative breast cancer, n (%) 59 (13.08) 43 (13.35) 16 (12.40)  .787
Tumor diameter, n (%)
  >2 cm 351 (77.83) 232 (72.05) 119 (92.25)  <.001
  ≤2 cm 100 (22.17) 90 (27.95) 10 (7.75)
Lymph node metastasis, n (%) 237 (52.55) 153 (47.52) 84 (65.12)  .001
ER, n (%)
  Negative 262 (58.09) 171 (53.11) 91 (70.54) – .001
  Positive 189 (41.91) 151 (46.89) 38 (29.46)
PR, n (%)
  Negative 213 (47.23) 154 (47.83) 59 (45.74)  .688
  Positive 238 (52.77) 168 (52.17) 70 (54.26)
HER, n (%)
  Negative 108 (28.38) 89 (27.64) 39 (30.23)  .581
  Positive 323 (71.62) 233 (72.36) 90 (69.77)
Ki67, n (%)
  Negative 98 (21.73) 82 (25.47) 16 (12.40)  .002
  Positive 353 (78.27) 240 (74.53) 113 (87.60)

BMI = body mass index, HER = human epidermal growth factor receptor, TNM = tumor node metastasis.
*Comparison was made between survival and deceased patients.
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by rehydration. Antigen retrieval in slides was conducted 
by T Cell Conditioning 1 (CC1) and incubated with 3% 
hydrogen peroxide for 30 minutes. After blocking with 5% 
goat serum, samples were incubated with primary AR anti-
body (ab133273, 1:100, Abcam) at 4°C overnight, followed 
with secondary goat anti-rabbit IgG H&L (HRP) antibody 
(ab205718, 1: 5000, Abcam) at 37°C for 30 minutes. Finally, 
after washing by PBS for 3 times and TBST for once, the 
slides were stained with diaminobenizidine (DAB). Bound 
antibody on the array was determined by an OptiView DAB 
detection kit. Counterstain of the samples were conducted 
using hematoxylin for 1 minute, followed with bluing by PBS. 
The pathologic scoring of AR was semiquantitatively evalu-
ated. The score for stained area was defined as follows: 0 for 
none, 1 for <1/100, 2 for 1/100 to 1/10, 3 for 1/10 to 1/3, 4 
for 1/3 to 2/3 and 5 for more than 2/3. IHC score was finally 
graded as negative for 0–2, weak for 3–4, moderate for 5–6, 
and strong for 7–8.

3.4. Clinical characteristics

Clinical characteristics of all patients at baseline were obtained, 
including age, BMI, TNM stage, pathological type, ratio of tri-
ple negative BC, tumor diameter, and the expressions of ER, PR, 
HER, and Ki67 were determined by histological analysis. The 
follow-up lasted for 5 years for all patients. The survival dura-
tion was determined from the admission to the last follow-up 
or the death.

3.5. Statistical analysis

All continuous data were analyzed by Kolmogorov–Smirnov 
analysis and proven to be normally distributed. Data were 
expressed as mean ± SD. Student t test was conducted for the 
comparison between 2 groups. Kaplan–Meier (K–M) curve 
analysis was performed for 5-year overall survival. Receiver 
operating characteristic curve (ROC) was used for diagnostic 
analysis. All calculations were performed using SPSS 18.0 and 
graphed by Graphpad version 6.0. Statistical difference was 
defined as P <.05.

4. Results

4.1. Characteristics of all patients

This research included 451 female BC patients, including 351 
cases of invasive ductal carcinoma, 82 cases of invasive lobu-
lar carcinoma and 18 cases of mucinous adenocarcinoma. The 
number of triple negative BC was 59 cases (13.08%). Compared 
to the survival cases, the deceased patients had significantly 
higher ratio of TNM III~IV, lymph node metastasis and tumor 
diameter >2 cm. Besides, the rates of patients with negative ER 
(70.54%, 91/129) and positive Ki67 (87.60%, 113/129) in 
deceased group were much higher than those in survival group 
(P <.05, Table 1). No obvious differences were found for the 
other parameters between survival and deceased patients or 
between BC patients and the healthy controls.

4.2. Serum TBK1 was increased in BC patients

Then, serum levels of TBK1 in all participants were mea-
sured. Figure 1A showed an obvious elevation of TBK1 in BC 
patients compared with healthy controls (P < .05). Besides, 
deceased patients showed significantly higher expression of 
TBK1 than the survival patients (P < .05, Fig.  1B). Patients 
with higher TNM stages (III–IV) also had increased TBK1 
expression than patients with TNM I–II (P < .05, Fig.  1C). 
The findings indicated that TBK1 might be associated with the 
progression of BC.

4.3. Serum TBK1 was positively correlated with AR and 
cancer biomarkers in BC patients

To further investigate the role of TBK1 in BC, all patients were 
divided into TBK1 high/low group according to the mean value 
of 21.43 ng/mL for serum TBK1. The levels of AR in BC tissues 
and cancer biomarkers in different groups were determined. As 
shown in Table 2 and Figure 2, TBK1 high group had higher 
ratio of AR-positive expression (P < .05). Meanwhile, TBK1 
high group showed remarkably higher expression of CA15-3, 
CA125, CEA, and CA19-9 than TBK1 low group (P < .05). 
Further Pearson analysis confirmed positive correlations among 
serum TBK1 and AR, CA15-3, CA125, CEA, and CA19-9 
(Table 3).

Figure 1. Serum TBK1 expression in all participants. (A) Detection of serum 
TBK1 in BC patients and healthy control. (B) Detection of serum TBK1 in 
the survived and deceased patients. (C) Detection of serum TBK1 in healthy 
control, patients with TNM I–II and TNM III–IV. BC = breast cancer, TBK1 = 
Tank-binding kinase 1, TNM = tumor node metastasis.



4

Liu et al. • Medicine (2022) 101:33 Medicine

4.4. Correlation between serum TBK1 and prognosis in BC 
patients

We further compared the clinic characteristics and overall sur-
vival between TBK1 high group and low group. The data sug-
gested patients with high TBK1 expression had higher ratio of 
TNM III~IV, tumor diameter >2 cm and Ki67 positive expres-
sion (Table 4, P < .05). Compared with TBK1 low group, TBK1 
high group had shorter 5-year overall survival (P < .05, Fig. 3). 
The mortality of TBK1 high group (90/174, 51.72%) was 
also higher than that of TBK1 lower group (39/277, 14.08%, 
P < .05). These results illustrated that TBK1 expression was 
associated with clinic outcomes and 5-year overall survival.

4.5. Diagnostic value of serum TBK1 in BC patients

The diagnostic value of serum TBK1 in BC patients was also ana-
lyzed. ROC curve showed a cutoff value of 13.95 ng/mL TBK1 
for diagnosing BC, with AUC of 0.981, sensitivity of 93.6% of 
and specificity of 86.3% (Fig. 4A, P < .001). Additionally, cutoff 
value of 22.65 ng/mL TBK1 showed an AUC of 0.996 for pre-
dicting the death in BC patients with a sensitivity of 97.7% and 
specificity of 96.3% (Fig. 4B, P < .001). These results suggested 
that TBK1 expression might be considered as a potential diag-
nostic biomarker for BC and the death in BC patients.

5. Discussion
Despite rapid developments of therapeutic methods, such as sur-
gery and chemotherapy, the prognosis of BC patients is still poor, 
especially for those with tumor metastasis and recurrence.[19,20] 
Although there are numerous studies on BC, new research tar-
gets are always needed. Since BC patients with metastasis and 
recurrence usually have a 5-year survival rate of no >20%,[21] 
early diagnostic methods especially novel biomarkers are of 
great significance. Our research suggested an upregulation of 
serum TBK1 in BC patients and a positive correlation with AR, 
CA15-3, CA125, and CEA. TBK1 expression affected clinic 

Table 2

Expression of AR and serum levels of CA153, CA125, CEA, and 
CA199 in breast cancer patients with different expression of 
TBK1.

Variables TBK1 high, n = 174 TBK1 low, n = 277 P 

AR, n (%)
  4–8 116 (66.67) 91 (32.85) <.001
  0–4 58 (33.33) 186 (67.15)
CA153, U/mL 55.66 ± 8.36 39.74 ± 2.96 <.001
CA125, U/mL 64.97 ± 5.51 54.13 ± 3.58 <.001
CEA, ng/mL 7.68 ± 1.51 5.26 ± 0.47 <.001
CA199, U/mL 74.87 ± 5.89 62.24 ± 7.29 <.001

TBK1 = Tank-binding kinase 1.

Figure 2. AR expression in tissue samples of BC patients with low and 
high expression of TBK1. AR = androgen receptor, BC = breast cancer,  
TBK1 = Tank-binding kinase 1.

Table 3

Correlation among TBK1 and AR, CA153, CA125, CEA, and 
CA199 in breast cancer patients.

 Pearson correlation P 

AR 0.341 <.001
CA153 0.649 <.001
CA125 0.593 <.001
CEA 0.572 <.001
CA199 0.514 <.001

TBK1 = Tank-binding kinase 1.

Table 4

Basic characteristics of all patients with breast cancer.

Variables 
TBK1 high,  

n = 174 
TBK1 low,  
n = 277 P 

Age, yr 51.18 ± 14.40 49.35 ± 14.17 .184
BMI, kg/m2 25.74 ± 3.68 26.40 ± 3.71 .064
TNM stage,n(%)
  I–II 93 (53.45) 256 (92.42) <.001
  III–IV 81 (46.55) 21 (7.58)
Pathological type, n (%)
  Invasive ductal carcinoma 130 (74.71) 221 (79.78) .207
  Invasive lobular carcinoma 35 (20.11) 49 (17.69) .520
  Mucinous adenocarcinoma 9 (5.17) 7 (2.53) .190
Triple negative breast cancer, n (%)
  Tumor diameter, n (%)
   >2 cm 146 (83.91) 205 (74.01) .014
   ≤2 cm 28 (16.09) 72 (26.99)
  Lymph node metastasis, n (%) 139 (79.89) 98 (35.38) <.001
ER, n (%)
  Negative 104 (59.77) 109 (39.35) <.001
  Positive 70 (40.23) 168 (60.65)
PR, n (%)
  Negative 87 (50.00) 126 (45.49) .350
  Positive 87 (50.00) 151 (54.51)
HER, n (%)
  Negative 48 (27.59) 60 (21.66) .151
  Positive 126 (72.41) 217 (78.34)
Ki67, n (%)
  Negative 27 (15.52) 71 (25.63) .011
  Positive 147 (84.48) 206 (74.37)

BMI = body mass index, HER = human epidermal growth factor receptor, TNM = tumor node 
metastasis.
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outcomes and 5-year overall survival. Besides, serum TBK1 
might be a promising diagnostic biomarker for BC.

The role of TBK1 in cancer development has been illustrated 
in different researches. Generally, TBK1 is considered as a 

cancer promoter in most reported studies. It was found TBK1 
mediated the activation and function of AKT/mTORC1 path-
way via the upstream and downstream of mTOR kinase itself 
in Ras-mutant lung cancer.[22] Jin et al reported TBK1 interacted 
with mTOR and suppressed its function, meanwhile, TBK1 
knockdown reduced stem-like cell proliferation in vitro and in 
vivo.[23] The association between TBK1 and BC progression was 
also demonstrated. Downregulated TBK1 decreased the levels 
of epithelial markers and elevated the levels of mesenchymal 
markers in ERα-positive BC cells, in addition, an in vivo study 
indicated TBK1 promoted tumor growth and lung metastasis 
in a ERα expression-dependent manner in BC.[24] The study 
of Jiang et al revealed that knockout of TBK1 alleviated cell 
growth in human HER-2-positive BC and aggravated cellular 
senescence. Moreover, xenograft model of HER-2-positive BC 
showed EGFR/HER-2 inhibitor enhanced tumor cell apopto-
sis and inhibited tumor growth.[25] In the present research, we 
also demonstrated that TBK1 was upregulated in BC patients. 
Besides, higher TBK1 expression was observed to be associ-
ated with clinic outcomes and predicted poor prognosis. These 
results were consistent with most previous studies that TBK1 
serve as a cancer promoter in BC.

There are already lots of cancer biomarkers reported to be 
associated with clinic outcomes and prognosis of BC patients. 
Currently, the biomarkers of ER, PR, HER, and Ki67 are widely 
used for the diagnosis of BC in clinic. It was demonstrated that 
ER, PR, HER-2, and Ki67 showed potentials for evaluating 
tumor mutation burden as well as the predicted the sensitiv-
ity of immunotherapy in BC patients.[26] A close association 
was found between HER-2 subtype and high nodal invasion in 
Thai women with BC.[27] Yan et al illustrated Ki67 expression 
was correlated with that of ER, PR, HER-2, EGFR, and TOP-
α, and affected the lymph node metastasis, tumor grade, and 
lymphovascular invasion in invasive ductal carcinoma. Besides, 
increased Ki67 was a risk factor for tumor recurrence, and it 
accelerated tumor progression and predicted a poor progno-
sis for BC patients.[28] Except for the above factors, AR is also 
found to be correlated with poor prognosis of BC patients.[29,30] 
A meta-analysis suggested that BC females with AR-positive 
tumor had improved overall survival and disease-free survival at 
both 3 and 5 years.[31] Our result showed that deceased patients 
and patients with higher TBK1 had higher ratio of negative ER 
or positive Ki67. Despite common application of those factors, 
serum cancer-related biomarkers provided another option for 
BC diagnosis, such as CA15-3, CA125, CEA, and CA19-9.[32–

34] We also observed increases of CA15-3, CA125, CEA, and 
CA19-9 in BC patients with positive correlations with TBK1 
expression, suggesting the potentials to diagnose BC.

6. Limitations
Some limitations also should be noticed. The sample size of this 
study is limited. In addition, the molecular mechanism of TBK1 
in BC needs further investigation.

7. Conclusion
In conclusion, the present study found that the upregulated 
TBK1 predicted poor clinical outcomes and prognosis of BC 
patients. Besides, TBK1 could be a potential biomarker for diag-
nosing BC. This investigation might bring a novel research tar-
get for BC in future clinical research.
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Figure 3. K–M curves for 5-year overall survival for all patients with different 
expression of TBK1. K–M curve = Kaplan–Meier curve, TBK1 = Tank-binding 
kinase 1.

Figure 4. ROC curves for diagnosis of BC (A) and mortality of BC patients 
using TBK1 (B). BC = breast cancer, ROC curve = receiver operating charac-
teristic curve, TBK1 = Tank-binding kinase 1.
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