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Background: X-box-binding protein 1 (XBP1) and N-acetyltransferase 1 (NAT1) are
involved in oncogenesis and progression of many human cancer types. However, the
roles of XBP1 and NAT1 in gallbladder cancer (GBC) are never reported.

Methods: We examined XBP1 and NAT1 expression in GBC and matched adjacent
non-tumor tissues via Western blotting. Then, we assayed XBP1 and NAT1 expression
in 215 GBCs, including 69 squamous cell/adenosquamous carcinomas (SC/ASCs)
and 146 adenocarcinomas (ACs) with immunohistochemistry. Their prognostic and
clinicopathological significance was further evaluated using the x2 test or Fisher’s exact
test, Kaplan—Meier univariate survival analysis, and log-rank tests.

Results: XBP1 expression was upregulated, and NAT1 expression was downregulated
in GBC. Immunohistochemical results showed that XBP1 expression was negatively
associated with NAT1 expression in GBC, including SC/ASC and AC. The rate of patients
with an age of more than 45 years, positivity of lymph node metastasis, and invasion
were significantly higher in SC/ASC than those in AC (all P < 0.05). The percentage of
XBP1-positive and NAT1-negative expression was significantly higher in the cases with
poor differentiation, advanced tumor, nodes, and metastases (TNM) stage, lymph node
metastasis, invasion, and only receiving biopsy in GBC, SC/ASC, and AC (all P < 0.05).
XBP1-positive and NAT1-negative expression was positively related to larger tumor size
(>3cm) in GBC and AC. There was a negative association between XBP1 and NAT1
expression in GBC, SC/ASC, and AC (all P < 0.05). Positive XBP1 and negative NAT1
expression was closely associated with decreased overall survival in GBC, SC/ASC, and
AC patients (all P < 0.05). The multivariate Cox regression analysis showed that positive
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FIGURE 1 | XBP1 expression is upregulated, and NAT1 expression is downregulated in GBC. T and N represented cancer tissues and corresponding adjacent
non-tumor tissues, respectively.

FIGURE 2 | XBP1 and NAT1 expression in gallbladder ASC/SC, original magnification x200. XBP1 expression was localized in the nuclei, and NAT1 expression was
localized in the cytoplasm and/or nuclei. (A) Positive expression of XBP1 in poorly differentiated SC. (B) Negative expression of XBP1 in moderately differentiated SC.
(C) Positive expression of NAT1 in well-differentiated ASC. (D) Negative expression of NAT1 in moderately differentiated ASC. Scale bars: 50 pm.

As shown in Table 7, the average survival time of GBC patients
(including SC/ASC and AC) was significantly related to several
clinicopathological parameters, including tumor differentiation,
tumor size, TNM stage, lymph node metastasis, invasion,
receiving the surgical procedure, and XBP1 and NAT1 expression
(all P < 0.05). Additionally, the existence of gallstone was
closely associated with the average survival time of SC/ASC
patients (P = 0.008). Kaplan-Meier survival curves showed

that the overall survival time of patients with XBP1-negative
or NAT1-positive expression was significantly longer than that
of patients with XBP1-positive or NAT1-negative expression in
GBC, SC/ASC, and AC (Figure 4).

Furthermore, we defined four groups based on the expression
of XBP1 and NAT1 in GBC, SC/ASC, and AC (XBP1-
negative/NAT1-negative  expression, ~XBP1-negative/NAT1-
positive expression, XBP1-positive/NAT1-negative expression,
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FIGURE 3 | XBP1 and NAT1 expression in gallbladder AC, original magnification x200. XBP1-positive reactions were localized in the nuclei, and NAT1-positive
reactions were localized in the cytoplasm. (A) Positive expression of XBP1 in poorly differentiated AC. (B) Negative expression of XBP1 in well-differentiated AC.
(C) Positive expression of NAT1 in well-differentiated AC. (D) Negative expression of NAT1 in moderately differentiated AC. Scale bars: 50 wm.

TABLE 2 | Association between XBP1 expression and NAT1 expression in GBC.

TABLE 4 | Association between XBP1 expression and NAT1 expression in AC.

XBP1 NAT1 Total XBP1 NAT1 Total
- + - +
- 36 56 92 - 26 41 67
+ 86 37 123 + 54 25 79
Total 122 93 215 Total 80 66 146
X2 = 20.326, P = 0.000; —, negative expression; +, positive expression. x2 =12.779, P = 0.000; -, negative expression; +, positive expression.
TABLE 3 | Association between XBP1 expression and NAT1 expression in . . . .
SC/ASC. expression had the shortest overall survival time in GBC,
SC/ASC, and AC (Figure 4).
XBP1 NAT1 Total Cox’s multivariate analysis demonstrated that the poor
- + differentiation, tumor size >3 cm, advanced TNM stages (III 4
IV), lymph node metastasis, invasion, and only receiving biopsy
- 10 15 25 were negatively correlated with overall survival of SC/ASC and
+ 32 12 44 AC patients, suggesting these parameters are risk factors and
Total 42 27 69

x2 =7.169, P = 0.007; -, negative expression; +, positive expression.

and XBPI-positive/NAT1-positive expression). Kaplan-Meier
survival curves showed that the group with XBP1-negative
and NAT1-positive expression had the longest overall survival
time, and the group with XBPI-positive and NAT1-negative

independent prognostic predictors of SC/ASC and AC (Table 8).
XBP1-positive expression was negatively associated with the
overall survival of SC/ASC and AC patients, suggesting that
XBP1-positive expression functions as a risk role in SC/ASC
and AC (Table 8). On the contrary, NAT1-positive expression
was positively related to the overall survival of SC/ASC and
AC patients, indicating that NAT1-positive expression plays a
protective role in SC/ASC and AC (Table 8). Thus, our results
revealed that XBPI1-positive expressions and NAT1-negative
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TABLE 5 | Correlations of XBP1 expression with the clinicopathological characteristics of GBC, SC/ASC, and AC.

Clinicopathological GBC

characteristics

SC/ASC AC

Number of patients Pos No. (%) P

Number of patients

Pos No. (%) P Number of patients Pos No. (%) P

Differentiation

Well 70 29 (41.4) 0.000 19

Moderately 87 50 (57.5) 33

Poorly 58 44 (75.9) 17
Tumor size

<3cm 129 63 (48.8) 0.002 39

>3cm 86 60 (69.8) 30
Gallstone

No 109 66 (60.6) 0.315 31

Yes 106 57 (53.8) 38
Lymph node metastasis

No 107 43 (40.2 0.000 27

Yes 108 80 (74.1) 42
Invasion

No 96 33 (34.4) 0.000 24

Yes 119 90 (75.6) 45
TNM stage

I+ 106 26 (24.5) 0.000 29

I+ v 109 88 (80.7) 40
Surgery

Radical 102 39 (38.2) 0.000 27

Palliative 78 54 (69.2) 28

Biopsy 35 30 (85.7) 14

8 (42.1) 0.033 51 21412  0.008
22 (66.7) 54 28 (51.9)
14 (82.4) 41 30(73.2)
24 (61. 0.742 90 39(43.3)  0.001
20 (66.7) 56 40 (71.4
23 (74.2 0.104 78 43 (55.1 0.791
21(55.9) 68 36 (52.9)
11 (40. 0.001 80 32(40.0)  0.000
33(78.6) 66 47 (7112
8(33.3) 0.000 72 25(34.7)  0.000
36 (80.0) 74 54 (72.9)
11(37.9)  0.000 77 26(33.8)  0.000
33(82.5) 69 53 (76.8
12 (44.4)  0.018 75 27(36.0)  0.000
20 (71.4) 50 34 (68.0)
12 (85.7) 21 18 (85.7)

expression are independent prognostic biomarkers of SC/ASC
and AC patients.

DISCUSSION

Compared with the ordinary AC, the SC/ASC is a relatively rare
subtype of GBC. Because of the low incidence of gallbladder
SC/ASC, there is a lack of enough cases included in previous
studies to completely investigate the clinicopathological and
biological characteristics of SC/ASC. To date, most studies
regarding the clinicopathological characteristics of SC/ASC are
individual case studies or analyses of small case series. As we
know, 69 cases are relatively large samples in current studies
of SC/ASC so that more detail and accurate information about
SC/ASC can be gained from this study. Clinicopathological
characteristics of SC/ASC are often compared with those of
AC. Regarding the occurrence of lymph node metastasis in
SC/ASC and AC, there exist contrary opinions in previous
reports. Kondo et al. (31) reported that the incidence of lymph
node metastasis in SC/ASC was significantly lower compared
with that in AC, but Kim et al. (32) found a reverse result.
Our results showed that lymph node metastasis and invasion
easily occur in SC/ASC compared with those in AC. The
previously discussed contradictory results may be attributed

to the difference in sample size and geographical and ethnic
differences. Additionally, we found that other clinicopathological
features, including tumor differentiated degree, tumor size, the
occurrence of gallstone, TNM stages, and XBP1 and NAT1
expression were non-significantly different in SC/ASC and AC.
Therefore, our results suggested that the clinicopathological and
biological characteristics of the gallbladder SC/ASC were alike to
the gallbladder AC, which is consistent with previous reports.
GBC possesses a highly malignant degree and poor overall
survival. In this study, we found that early TNM stages, tumor
size <3 cm, no lymph node metastasis, and no invasion were
positively correlated with the average survival time of GBC
patients. Therefore, early diagnosis is the key to improving
the prognosis of GBC. However, early diagnosis is difficult
for GBC patients. Although various studies were performed
to find diagnostic marks for GBC, GBC remains lacking in
specific diagnostic marks. Biological marks XBP1 and NAT1
are associated with progression and prognosis of a variety of
human cancer types, but their roles in GBC remain to be
identified. Thus, this study investigated the expression of XBP1
and NAT1 and evaluated their clinicopathological and prognostic
significance in GBC, including SC/ASC and AC. Previous studies
have demonstrated that XBP1 expression is correlated with NAT1
expression (33), and XBP1 and NAT1 may share a common
transcriptional network in breast cancer (34). Likewise, our data
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TABLE 6 | Correlations of NAT1 protein expression with the clinicopathological characteristics of GBC, SC/ASC, and AC.

Clinicopathological GBC

characteristics

SC/ASC AC

Number of patients Pos No. (%) P

Number of patients

Pos No. (%) P Number of patients Pos No. (%) P

Differentiation

Well 70 42 (60.0) 0.001 19

Moderately 87 34 (39.1) 33

Poorly 58 17 (29.3) 17
Tumor size

<3cm 129 64 (49.6) 0.021 39

>3cm 86 29 (33.7) 30
Gallstone

No 109 42 (38.5) 0.156 31

Yes 106 51 (48.1) 38
Lymph node metastasis

Negative 107 68 (63.6) 0.000 27

Positive 108 25(23.1) 42
Invasion

Negative 96 47 (49.0) 0.000 24

Positive 119 29 (24.4) 45
TNM stage

I+l 106 67 (63.2) 0.000 29

I+ v 109 26 (23.9) 40
Surgery

Radical 102 61 (59.8) 0.000 27

Palliative 78 28 (35.9) 28

Biopsy 35 4 (11.4) 14

12(63.2)  0.018 51 30(58.8)  0.043
12 (36.4) 54 22 (40.7)

3(17.6) 41 14 (34.1)
14(35.9)  0.643 90 50(55.6)  0.001
13 (43.3) 56 16 (28.6

8 (25.8) 0.041 78 34(43.6)  0.674
19 (50.0) 68 32 (47.1
20(74.1)  0.000 80 48(60.0)  0.000
7 (16.7) 66 18 (27.3

1(75.0) 0.000 72 46(63.9)  0.000
9 (20.0) 74 20 (27.0
19 (65.5)  0.000 77 48(62.3)  0.000
8 (20.0) 69 18 (26.1)
16 (59.2)  0.005 75 45(60.0)  0.000
10 (35.7) 50 18 (36.0)

1(7.1) 21 3(14.3)

Pos No., positive number.

showed that XBP1 expression was negatively associated with
NAT1, and the clinicopathological and prognostic significance of
XBP1 expression was inversed to NAT1 expression in GBC. Thus,
we speculated that XBP1 and NAT1 might have an association in
the development and progression of GBC, which remains to be
fully elucidated.

XBP1 functions as a transcription factor and is involved
in tumorigenesis. There is increasing evidence demonstrating
that XBP1 may be a potential oncogenic gene (11, 35).
Through multiply molecular mechanisms, XBP1 plays a role
in regulating the biology of cancer cells, such as proliferation,
invasion, migration, apoptosis, and drug resistance (11, 15).
XBP1 presents overexpressed in various certain human cancer
tissues and plays an oncogenic role in carcinogenesis and
progression. XBP1 expression is upregulated in breast cancer,
oral cancer, colorectal cancer, lung cancer, hepatocellular cancer,
osteosarcoma, and esophageal cancer tissues, compared with
matched non-tumor tissues (14, 16-21). Likewise, we found that
XBP1 was upregulated in GBC tissues compared with adjacent
non-tumor tissues. Additionally, XBP1 overexpression is closely
associated with clinicopathological features and poor prognosis
of multiple human cancers (14, 16-21). For example, Sun
et al. (17) reported that high XBP1 expression was significantly
related to histological grade III, advanced clinical stages (stages
I and IV), and poor prognosis in oral SC carcinoma.
Similarly, our data also revealed that positive XBP1 expression

was correlated with poor clinicopathological features of GBC,
including poorly differentiated type, lymph node metastasis,
invasion, and advanced TNM stages (III or IV). Thus, we
speculated that XBP1 might participate in tumorigenesis and
progression of GBC, which needs further experiments to validate.

NATI is a xenobiotic-metabolizing enzyme that is involved
in the activation or deactivation of environmental carcinogens
(25). Recently, many studies have been concentrated on the
role of NATI in the tumorigenesis and progression of human
cancers. It has been reported that NAT1 is a novel drug
target in cancer development (24). NAT1 plays different roles
in different human cancer types or different tumor stages.
NAT1 expression also varies from human cancer types and
tumor stages. For example, in breast cancer, NAT1 expression
is downregulated in young patients (<45 years) compared with
that in old patients (36), whereas NTA1 presents overexpressed
in estrogen receptor-positive cancer in comparison of estrogen
receptor-negative cancer (29). NAT1 exhibits higher expression
in brain cancer tissues than that in normal tissue (37), whereas
NAT1 expression was significantly less in colorectal cancer
tissues than that in normal tissues and adjacent non-cancerous
tissues (38, 39). Additionally, the difference of NAT1 expression
between prostate cancer and normal tissue varied from tumor
grade (40). In this study, we firstly identified that NAT1
was down-expressed in GBC tissues compared with that in
adjacent non-tumor tissues, which is similar to previous reports
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TABLE 7 | Association of clinicopathological characteristics (including XBP1 and NAT1 expression) with average survival of GBC, SC/ASC, and AC patients.

Clinicopathological GBC SC/ASC AC
characteristics
Sample (n) AS (month) P Sample (n) AS (month) P Sample (n) AS (month) P
Differentiation
Well 70 15.84 (5-24) 0.000 19 13.68 (5-24) 0.000 51 16.69 (5-24) 0.000
Moderately 87 11.63 (2-24) 33 11.58 (4-24) 54 12.33 (2-24)
Poorly 58 6.38 (1-24) 17 6.12 (2-14) 41 6.49 (1-24)
Tumor size
<3cm 129 12.43 (1-24) 0.026 30 14.57 (6-24) 0.000 90 14.60 (1-24) 0.000
>3cm 86 10.31 (1-24) 39 7.44 (2-24) 56 8.38 (1-24)
Gallstones
No 109 11.07 (2-24) 0.371 31 8.26 (3-18) 0.008 78 12.19 (2-24) 0.980
Yes 106 12.11 (1-24) 38 12.90 (2-24) 68 12.24 (1-24)
TNM stage
|+ 11 106 16.44 (3-24) 0.000 29 16.31 (3-24) 0.000 77 16.99 (3-24) 0.000
I+ v 109 6.86 (1-14) 40 6.83 (2-14) 69 6.88 (1-24)
Lymph node metastasis
No 107 15.92 (2-24) 0.000 27 16.04 (3-24) 0.000 80 16.35 (2-24) 0.000
Yes 108 7.30 (1-24) 42 7.45 (2-15) 66 7.20 (1-24)
Invasion
No 96 17.48 (3-24) 0.000 24 17.25 (3-24) 0.000 72 18.08 (4-24) 0.000
Yes 119 6.83 (1-24) 45 7.38 (2-20) 74 6.50 (1-14)
Surgery
Radical 102 17.23 (5-24) 0.000 27 16.93 (5-24) 0.000 75 17.84 (6-24) 0.000
Palliative 78 7.038 (1-14) 28 7.32 (2-12) 50 6.86 (1-14)
Biopsy 35 5.31(1-9) 14 6.00 (4-8) 21 4.86 (1-9)
XBP1
- 92 15.58 (4-24) 0.000 25 14.08 (4-24) 0.000 67 16.13 (4-24) 0.000
+ 123 8.60 (1-24) 44 8.09 (2-24) 79 8.89 (1-24)
NAT1
- 122 8.48 (1-24) 0.000 42 7.64 (2-24) 0.001 80 8.93 (1-24) 0.000
+ 93 15.66 (2-24) 27 14.33 (3-24) 66 16.20 (2-24)
XBP1 and NAT1
XBP1(-) and NAT1(-) 36 12.00 (4-24) 0.000 10 10.07 (4-24) 0.000 26 12.50 (4-24) 0.000
XBP1(-) and NAT1(+) 56 17.86 (4-24) 15 16.33 (7-24) 41 18.44 (4-24)
XBP1(+) and NAT1(-) 86 7.01 (1-24) 32 6.67 (2-14) 54 7.20 (1-24)
XBP1(+) and NAT1(+) 37 12.30 (2-24) 12 11.83 (3-24) 25 12.52 (2-24)

—, negative expression; +, positive expression; AS, average survival.

(38-40). This difference in NAT1 expression in cancer may be
attributed to organ-specific differences. We further evaluated
the clinicopathological significance of NAT1 expression. We
found that negative NAT1 expression was positively correlated
with several malignant clinicopathological parameters of GBC,
including poorly differentiated type, larger tumor size (>3 cm),
lymph node metastasis, invasion, advanced TNM stage, which is
consistent with other reports (26). Furthermore, previous studies
have revealed that NAT1 is a prognostic biomarker of cancer.
Minchin et al. (29) found that low NAT1 mRNA expression
was significantly associated with poor survival in breast cancer
patients and was related to chemotherapy resistance. Similarly,
other studies also reported that breast cancer patients with NAT1-
negative expression have a poor prognosis compared with those
with NAT1-positive expression (26, 41). Consistent with these

previous studies, our data showed that patients with NATI-
negative expression had poor prognosis than those with NAT1-
positive expression. Thus, this study suggested that NAT1 might
play an important role in the development and progression of
GBC, which needs further experiments to validate and explore
the underlying molecular mechanism.

To our best knowledge, this study firstly reported XBP1 and
NAT1 expression and their clinicopathological and prognostic
significance in GBC. We firstly found that XBP1 and NAT1
have a negative association in expression and clinicopathological
significance in GBC, which is never reported in other human
cancers. This study revealed that XBP1-positive expression
and NAT1-negative expression were associated with malignant
clinicopathological behavior and poor prognosis of GBC.
Furthermore, Cox’s regression analysis showed that positive
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FIGURE 4 | Positive XBP1 expression and negative NAT1 expression are associated with poor prognosis of GBC, SC/ASC, and AC patients. (A1) Kaplan-Meier plots
of overall survival in GBC patients with positive or negative XBP1 expression. (A2) Kaplan-Meier plots of overall survival in GBC patients with positive or negative NAT1
expression. (A3) Kaplan—Meier plots of overall survival in GBC patients with XBP1 and NAT1 expression. (B1) Kaplan—-Meier plots of overall survival in SC/ASC
patients with positive or negative XBP1 expression. (B2) Kaplan—Meier plots of overall survival in SC/ASC patients with positive or negative NAT1 expression.

(B3) Kaplan—Meier plots of overall survival in SC/ASC patients with XBP1 and NAT1 expression. (C1) Kaplan—Meier plots of overall survival in AC patients with positive

or negative XBP1 expression. (C2) Kaplan-Meier plots of overall survival in AC patients with positive or negative NAT1 expression. (C3) Kaplan-Meier plots of overall
survival in AC patients with XBP1 and NAT1 expression.

TABLE 8 | Multivariate Cox regression analysis of survival rate in SC/ASC and AC patients.

Groups

Factors SC/ASC AC
P HR (95%Cl) P HR (95%Cl)
Differentiated degree Well/moderately/poorly 0.008 1.813 (1.166-2.818) 0.001 1.567 (1.193-2.057)
Tumor size <3cm/>3cm 0.022 2.560 (1.148-5.707) 0.012 1.865 (1.149-3.026)
Gallstone No/Yes 0.047 1.770 (1.009-3.107) 0.005 1.728 (1.181-2.528)
TNM stage [+ /1 + 1V 0.023 2.504 (1.134-5.528) 0.017 2.399 (1.171-4.915)
Lymph node metastasis No/Yes 0.018 3.155 (1.222-8.147) 0.011 2.394 (1.220-4.698)
Invasion No/Yes 0.027 3.394 (1.150-10.013) 0.000 5.795 (2.913-11.530)
Surgery Radical/Palliative/Biopsy 0.006 2.192 (1.254-3.833) 0.000 2.540 (1.679-3.840)
XBP1 —/+ 0.012 2.305 (1.205-4.409) 0.003 1.848 (1.227-2.783)
NAT1 —/+ 0.015 0.351 (0.151-0.813) 0.000 0.472 (0.312-0.714)

—, negative expression; +, positive expression; HR, hazard ratio; Cl, confident interval.
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XBP1 and negative NAT1 expression were identified as
independent factors for poor prognosis in gallbladder SC/ASC
and AC patients. Thus, XBP1 and NAT1 may be involved in the
carcinogenesis and development of GBC, and more studies are
needed to explore the potential molecular mechanisms.

In conclusion, this study indicated that positive XBP1 and
negative NAT1 expression were closely associated with the
clinicopathological and biological behaviors and poor prognosis
in GBC.
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