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Purpose: Papillary thyroid cancer (PTC) patients could obtain poor prognosis if they have 
lymph node metastasis, identification of informative and robust biomarkers for predicting 
cervical lymph node metastasis is critical for improving clinical decision-making and patient 
prognosis.
Materials and Methods: In this study, we analyzed the expression of X box binding 
protein 1 spliced-form (XBP1s) in 41 PTC tissue samples and extended our findings using 
public databases, then we investigated how XBP1s’ contributed to PTC progression in vitro.
Results: We found that XBP1s’ expression was lower in PTC patients with cervical lymph 
node metastasis than non-metastasis patients by immunohistochemical analysis. With pub-
licly accessible dataset, we showed that the XBP1 transcription was significantly decreased 
in thyroid cancer (TC) tissues with lymph node metastasis as compared to that without lymph 
node metastasis. Moreover, we also found that XBP1 expression was significantly correlated 
with patients’ gender, T classification, lymph node metastasis and PTC stages, and low XBP1 
expression was associated with poor diseases free survival (DFS). In vitro, XBP1s over-
expression could inhibit the invasion, migration, and wound healing capacity of PTC cells. 
Mechanistically, overexpression of XBP1s could enhance the expression of classical epithe-
lial–mesenchymal transition (EMT) markers such as ZO-1 and E-cadherins, and down-
regulated N-cadherin in BCPAP cells.
Conclusion: These findings suggest that XBP1s is a prognostic maker for thyroid carcinoma 
patients, and sustaining XBP1s expression might be a new strategy to control PTC 
progression.
Keywords: XBP1s, lymph node metastasis, papillary thyroid cancer, EMT

Introduction
Papillary thyroid cancer (PTC) consists of around 80% of thyroid cancers.1.The 
prognosis of most PTC patients is favorable with the standard treatments.2 

However, there is a small subset of PTC patients with lymph node metastasis has 
poor prognosis.3 Thus, identification of informative and robust biomarkers for 
predicting cervical lymph node metastasis is critical for improving clinical deci-
sion-making and patient prognosis.

X box binding protein 1 (XBP1) plays a critical role in regulating the unfolded protein 
response (UPR). UPR is an evolutionarily conserved signaling pathway regulated by 
endoplasmic reticulum (ER) stress, which occurs when unfolded and misfolded proteins 
accumulate in the lumen of the ER.4,5 Inositol-requiring enzyme 1 (IRE1) is an important 
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RNase involved in ER stress to splice the XBP1 mRNA to 
generate XBP1 spliced-form (XBP1s), which serves as an 
active transcription factor. Previous studies have shown that 
XBP1s is a novel regulator for carcinogenesis and tumor 
metastasis in multiple types of cancer, but the detail mechan-
isms are quite different in various tumors.6–8 For instance, 
XBP1s directly activates c-MYC and regulates oncogenic 
c-MYC signaling in prostate cancer (PCa) cell lines, high 
expression of XBP1s is associated with poor survival in PCa 
patients.9 In triple-negative breast cancer, XBP1s interacts with 
HIF-1α to cooperatively activate HIF-1 targeted genes.10 

Intriguingly, it has been shown that intestinal stem cell num-
bers were increased in mice lacking XBP1, and loss of XBP1 
leads to oncogenic events activation through IRE1α and 
STAT3 signaling.11 Furthermore, it is uncovered that XBP1s 
exerts antiproliferative function via the interaction with PERK- 
eIF2α in colorectal cancer cells.12

Although XBP1s has been identified to play multiple 
roles in tumor progression, the function of XBP1s in 
thyroid cancer has not been well characterized so far. In 
this study, we analyzed XBP1s’ expression in 41 PTC 
tissue samples and extended our findings using public 
databases, then we investigated how XBP1s’ contributed 
to PTC progression in vitro.

Materials and Methods
Patient Samples
A total of 41 patients with PTC were included in this study. All 
patients underwent thyroidectomy between March 2015 and 
October 2018. We obtained the formalin-fixed, paraffin- 
embedded (FFPE) tissue blocks from the Pathology 
Department of Union Hospital (Wuhan, China). The patients 
did not receive any chemotherapy or radiotherapy before sur-
gery. Written informed consent was obtained from every 
patient whose clinical specimens were used for the current 
research. The study was approved by the Ethics Committee 
of Tongji Medical College, Huazhong University of Science 
and Technology, China. We confirm that all tissue samples 
were used in accordance with the Declaration of Helsinki.

Immunohistochemistry (IHC)
Immunohistochemical staining was carried out as described 
previously.9 Slides were incubated with anti-XBP1s (1:100 
dilution; CST, #83418). All the IHC results were evaluated 
by two experienced pathologists that are blind to the diagnosis 
and independently. To assess the expression of XBP1s, the 
procedure was as following: 1, accessing the tissue staining 

score according to the staining intensity (0, negative; +1, weak 
positive; +2, moderate positive; +3, strong positive); 2, calcu-
lating the percentage of positive tumor cells; 3, calculating the 
staining index [SI= (intensity score in 1) × (positive percen-
tage)]. SI≥1.05, the optimal critical value determined by ROC 
curve, was classified as high expression.

Data Acquisition of Database
The expression of XBP1 and correlation with the clinico-
pathological characteristics of thyroid cancer patients were 
analyzed using two visual analysis websites, GEPIA 
(http://gepia.cancer-pku.cn/) and UALCAN (http://ualcan. 
path.uab.edu). The TC patients raw data including the 
clinical information and RNA sequencing were down-
loaded from The Cancer Genome Atlas (TCGA) reposi-
tory website (http://firebrowse.org/). We analyzed all 
samples with lymph node metastasis information (n=451).

Cell Culture
PTC cell lines, BCPAP, KTC-1 and TPC-1 were purchased 
from the American Type Culture Collection (ATCC). Cells 
were cultured in RPMI 1640 with 10% fetal bovine serum 
(FBS) at 37°C in 5% CO2.

Cell Transduction
BCPAP, KTC-1 and TPC-1 cells were transduced with lenti-
virus (overexpression of XBP1s (Obio, Shanghai, China) and 
control) using co-transfection reagent P (Genechem, Shanghai, 
China). Cells were cultured with 3 µg/mL puromycin for 7 
days to select the XBP1s overexpressing cells.

Cell Migration and Invasion Assay
The XBP1s overexpressed cells and control cells were resus-
pended in FBS-free medium and seeded in the top chamber of 
transwell plates (Corning-Costar, USA) at a density of 2 × 104 

cells/well, with or without Matrigel (1:8 dilution, 50μL, BD 
Biosciences, CA, USA). The bottom chambers were filled with 
600μL medium containing 20% fetal bovine serum. After 24 h, 
the cells were fixed with 4% formaldehyde and stained with 
crystal violet. Unpenetrated cells that remained on the upper 
surface of chamber were carefully erased from the membrane. 
The invasive cells on the bottom surface were imaged and 
counted.

Wound Healing Assay
The cells were seeded into 6-well-plates. When the cells 
cover the entire well, we wounded the cells with 200μL 
sterile pipette tips. After washing off the floating cells with 
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PBS, the cells were cultured in FBS-free medium. The 
photos were taken under the microscope at 0, 24 and 48 
hours after injury. Then, we use the width of the wound at 
0h minus the width of 24h or 48h as the healing distance 
during that period. And the percentage of this distance to 
the 0h width is the Wound healing rate. Namely: Wound 
Healing rate = (width0h-widtht)/width0h * 100%.

Western Blot Analysis
Western Blotting was carried out as described previously.13 

The following primary antibodies were used: XBP1s (1:250, 
CST, #83418), ZO-1 (1:1000, Proteintech, #21773-1-AP), 
N-cadherin (1:1000, Proteintech, #22018-1-AP), E-cadherin 
(1:1000, Proteintech, #21773-1-AP), Vimentin (1:1000, 
Proteintech, # 20874-1-AP), PAX8 (1:1000, Proteintech, 
#10336-1-AP), NIS (1:1000, Proteintech, #24324-1-AP), 
andGAPDH (1:1000, Proteintech, #10494-1-AP).

Immunofluorescence
Different groups of BCPAP cells were seeded on cover-
slips and cultured in RPMI 1640 supplied with 10% FBS 
overnight. After washing, fixing and permeabilizing, we 
incubated the coverslips with primary antibodies (anti- 
N-cadherin and anti-E-cadherin, 1:100 dilution, 
Proteintech) at 4°C overnight, respective fluorescence con-
jugated secondary antibodies were applied thereafter. The 
slides were imaged using the fluorescence microscope 
(FV1000; Olympus, Center Valley, PA) under constant 
laser intensity. Then, we use ImageJ to quantitatively 
analyze the fluorescence signals from more than three 
repeated experiments.

Statistical Analysis
If not mentioned otherwise, data were shown as the mean 
± standard deviation (SD). Difference between two groups 
was tested using two-tailed Student’s T-test using 
GraphPad Prism 8. And Chi square analysis was per-
formed with SPSS 16.0 statistical software (IBM, NY). 
Statistical significance is considered with p-value <0.05.

Results
Low Expression of XBP1s is Closely 
Related to Lymph Node Metastasis in 
PTC
The clinicopathological characteristics of enrolled PTC 
patients are summarized in Table 1. Briefly, 87.8% (36/ 
41) of the patients were less than 55 years old, the 

percentage of patients with lymph node metastasis were 
46.3% (19/41) in female and 48.8% (21/41) in male. All 
the tumors were unifocal, no extrathyroidal extension, and 
the tumor sizes were between 1 and 2 cm.

The representative images of XBP1s staining in N1 and N0 
groups were presented in Figure 1A. According to the SI of 
IHC, we compared the expression of XBP1s in N0 and N1 
groups. We observed the expression of XBP1s was signifi-
cantly decreased in N1 group as compared to N0 group (Figure 
1B). Next, we divided the patients into two groups according to 
the XBP1s expression level. To identify the optimal cutoff 
value, we conducted receiver operating characteristic (ROC) 
curve analyses with SPSS 16.0 statistical software (IBM, NY) 
to distinguish N1 patients. The cutoff value for XBP1s (area 
under the curve [AUC] = 0.81) was 1.05 (Figure 1C). The 
multivariate analysis suggested that XBP1s expression was an 
independent risk factor for lymph node metastasis (P = 0.003, 
hazard ratio [HR] = 0.066) (Table 2)

Decreased XBP1 Expression in PTC 
Tissue is Associated with Poor Patient 
Prognosis
To verify the role of XBP1 in thyroid cancer, we analyzed 
the transcript levels of XBP1 in non-tumor thyroid and 
thyroid cancer tissues via UALCAN.14 We found that the 
XBP1’s transcript was significantly lower in cancer than in 
non-tumor thyroids (P< 0.001, Figure 2A). Furthermore, 
the level of XBP1 transcription was much lower in the 
patients with lymph node metastasis (P=0.007, Figure 2B), 
which was consistent with our previous findings. We then 
analyzed the original data from TCGA database, and lower 
expression of XBP1 were reproductively observed in 

Table 1 Clinicopathological Characteristics of Patients with PTC

Characteristics No. of Patients (%)

Patients 41

Age (years) <55 36 (87.8)

≥55 5 (12.2)

Gender Male 22 (53.7)

Female 19 (46.3)

Tumor size 1~2cm 41 (100)

Tumor focality Unifocal 41 (100)

Extrathyroidal extension No 41 (100)

Lymph node metastasis N0 21 (51.2)

N1 20 (48.8)
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patients with lymph node metastasis (P=0.012, Figure 2C). 
Stratification analysis according to the pathological stages 
indicated that the low XBP1 expression was closely asso-
ciated with TC stages (P< 0.05, Figure 2D). Similar result 
was obtained (P < 0.001, Figure 2E) using the GEPIA 
dataset.15 Moreover, we also found that the high XBP1 
expression [n(high)=255, n(low)=255)] was not associated 
with OS (HR=1, P=0.99, Figure 2F) but with good DFS 
(HR=0.47, P = 0.013, Figure 2G). After normalization, the 
decreased XBP1 expression was significantly associated 
with gender, T classification, lymph node metastasis and 
stage (P < 0.05, Table 3). Hence, we demonstrated that 
decreased XBP1 expression was associated with poor TC 
prognosis.

Overexpression of XBP1s Impairs the 
Invasive and Metastatic Potential of PTC 
Cells
To evaluate whether XBP1s affects migratory and invasive 
capabilities of PTC cells, we overexpressed XBP1s in 

BCPAP, KTC-1 and TPC-1 cells using lentivirus transduc-
tion, which was then confirmed by immunoblot analysis 
(Figure 4B). Then, transwell and wound-healing assays 
were performed. Intriguingly, overexpression of XBP1s 
significantly suppressed the migration and invasion capa-
cities of BCPAP, KTC-1 and TPC-1 cells (Figure 3A 
and B).

Overexpression of XBP1s Inhibits EMT in 
PTC Cells
To evaluate whether XBP1s regulates EMT, we first explored 
the correlation between XBP1 and classical EMT markers, 
including ZO-1, N-cadherin, E-cadherin and Vimentin by 
analyzing GEPIA. Our results indicated that the XBP1’s 
expression was significantly correlated with ZO-1, 
N-cadherin, E-cadherin and Vimentin expression (Figure 
4A). Then, we evaluated the EMT process in XBP1s over-
expressed BCPAP, KTC-1 and TPC-1 cells. We found signifi-
cantly increased ZO-1 and E-cadherin expression and 
decreased N-cadherin expression in XBP1s overexpressed 
cells, and no obvious difference of Vimentin expression 
between XBP1s overexpressed and control cells (Figure 4B). 
Similarly, we observed upregulated E-cadherin and downre-
gulated N-cadherin in BCPAP cells when XBP1s was over-
expressed as determined by immunofluorescence (Figure 4C). 
These data collaboratively suggested that XBP1s inhibits 
EMT of PTC cells.

Discussion
Although the majority of PTC patients have relatively good 
prognosis, some patients might experience cancer recurrence 

Figure 1 Low expression of XBP1s is closely related to lymph node metastasis in PTC. (A) Representative immunohistochemical staining profile of PTC tissue samples with 
(N1) or without (N0) lymph node metastasis. (B) The expression of XBP1s in N1 and N0 groups according to the SI of IHC. (C) ROC curve analyses to distinguish N1 
patients. Differences between groups in (B) assay were analyzed by two-tailed Student’s T-test. Error bars represent means ± SD.

Table 2 Multivariate Survival Analysis of Risk Factors for Lymph 
Node Metastasis of PTC

Variable Multivariate Analysis

P-value HR (95% CI)

Age (years) 0.417 0.968 (0.895~1.047)

Gender (female/male) 0.759 1.313 (0.231~7.473)

T (mm) 0.234 1.214 (0.882~1.669)
XBP1s expression (low/high) 0.003 0.066 (0.011~0.392)

Note: Bold and italic text values indicate P<0.05, which is statistically significant.
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or/and metastasize to the cervical lymph nodes as well as 
distant organs. It can severely impair the survival and life 
quality. Thus, identifying molecular markers for metastasis 
and understanding their pathological functions is utmost 
important to improve PTC patients with metastasis.

XBP1 is a key regulator of UPR, which has been proved to 
be an oncogenic driver in many cancers, such as prostate 
cancer,9 breast cancer,10 hepatocellular carcinoma,16 pulmon-
ary adenocarcinoma,17 oral squamous cell carcinoma.18 

However, our data suggested that XBP1 played a tumor 

suppressor role in PTC, which was not only supported by 
publicly accessible dataset but also our analysis with in- 
house PTC patients’ samples as well as in vitro PTC cell 
lines. We showed that the XBP1 transcription was significantly 
decreased in TC tissues as compared to non-tumor thyroid 
tissues. Furthermore, XBP1s expression was much lower in 
PTC patients with cervical lymph node metastasis than non- 
metastasis patients. Moreover, we also found that XBP1 
expression was significantly correlated with patients’ gender, 
T classification, lymph node metastasis and PTC stages. And 

Figure 2 Decreased XBP1 expression in PTC tissue is associated with patient prognosis. (A–C) Relative levels of XBP1 transcripts in 505 TC, 230 TC whit N0, 58 TC with 
N1 and 59 non-tumor thyroid tissues in TCGA from UALCAN and original data. (D) (UALCAN), (E) (GEPIA) stratification analysis of XBP1 expression in the different 
stages of TC. (F and G) Kaplan–Meier curves showing the relationship of XBP1 expression to OS and DFS of patients with TC.
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low XBP1 expression was associated with poor DFS but not 
with overall survival, which is really interesting. Due to the 
good prognosis of most PTC clinically, the difference in OS is 
usually not observed in PTC patients, but DFS is closely 
related to lymph node metastasis. Therefore, the results of the 
survival analysis coincide with the actual clinical situation and 
provide a strong evidence that XBP1s can be used as PTC 
lymph node metastasis. These data collectively suggest that the 
XBP1s expression can serve as a prognostic factor for PTC.

In order to verify our conclusion obtained from the 
clinical samples, we carried out molecular studies with 
PTC cell lines. We found that XBP1 overexpression inhib-
ited the PTC cells’ invasion, migration, and wound healing 

capacity. Mechanistically, XBP1s could enhance the 
expression of classical EMT markers such as ZO-1 and 
E-cadherins, which might contribute to suppression of 
invasion and migration of PTC cells. These results further 
indicated that XBP1s might acted as a PTC suppressor, 
which was in line with the observations from the clinical 
samples.

Previous studies have shown that activation of XBP1s 
leads to expansion of the endoplasmic reticulum (ER). 
And it is pivotal for cellular differentiation in various 
secretory cell types.19–22 XBP1 is essential for plasma 
cell differentiation and secretory organ development.21,23 

Mist1 is required for maintenance of some secretory cell 

Table 3 Association of XBP1 Expression with Clinicopathologic Features in PTC Patients in TCGA

Parameter Total n=451 (%) XBP1 Expression χ2 P

Low n=235 (%) High n=216 (%)

Age (years) 2.418 0.120

< 55 299 (66.3) 148 (49.5) 151 (50.5)
≥ 55 152 (33.7) 87 (57.2) 65 (42.8)

Gender 4.810 0.028
Female 327 (72.5) 160 (48.9) 167 (51.1)

Male 124 (27.5) 75 (60.5) 49 (39.5)

Tumor size 2.095 0.148

≤2cm 164 (36.4) 79 (48.2) 85 (51.8)

>2cm 273 (60.5) 151 (55.3) 122 (44.7)

Tumor focality 0.053 0.817

Unifocal 183 (40.6) 102 (55.7) 81 (44.3)
Multifocal 135 (29.9) 77 (57.0) 58 (43.0)

T classification 13.369 0.000
T1-T2 272 (60.3) 121 (44.5) 151 (55.5)

T3-T4 170 (37.7) 106 (62.4) 64 (37.6)

Lymph node metastasis 9.984 0.002
N0 226 (50.1) 101 (44.7) 125 (55.3)
N1 225 (49.9) 134 (59.6) 91 (40.4)

Metastasis 0.636 0.425
M0 270 (59.9) 152 (56.3) 118 (43.7)

M1 7 (1.6) 5 (71.4) 2 (28.6)

Stage 18.234 0.000
I–II 294 (65.2) 132 (44.9) 162 (55.1)

III–IV 156 (34.6) 103 (66.0) 53 (34.0)

Histological type (TPC) 5.205 0.074

Classical/usual 332 (73.6) 181 (54.5) 151 (45.5)
Follicular 78 (17.3) 32 (41.0) 46 (59.0)

Tall cell 34 (7.5) 20 (58.8) 14 (41.2)

Note: Bold and italic text values indicate P<0.05, which is statistically significant.
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Figure 3 Overexpression of XBP1s reduces the invasive and metastatic potential of PTC cells, and inhibits EMT in PTC cells. (A) Cell migration and invasion assay. (B) 
Wound healing assay. Difference between two groups was tested using two-tailed Student’s T-test. Data are expressed as the mean ± SD of each group of cells from three 
separate experiments. *P<0.05; **P<0.01; ***P<0.001.
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identity and maturation. And it was reported to be a direct 
target of XBP1.22 Thyroid cancer is a tumor derived from 
endocrine system, which can secrete thyroid hormone and 
thyroglobulin. This special characteristic of thyroid carci-
noma may provide a specific context for XBP1s to play 
different roles between thyroid carcinoma and the other 
tumors. Indeed, the expression of XBP1 and Mist1 are 
closely related in thyroid carcinoma samples (Supp. 
Figure 1A). Therefore, we speculate that XBP1s may 
regulate the differentiation of thyroid follicular cells, and 

we will investigate and validate this conjecture in future 
work.

By accumulating mutations, thyroid cancer cells con-
stantly undergo de-differentiating, which can cause tumor-
igenesis and tumor progression from well-differentiated 
carcinomas to poorly differentiated and even to undiffer-
entiated carcinomas.24 Therefore, we speculate that XBP1s 
may be a robust molecular marker to determine the differ-
entiation of thyroid carcinoma. Then, we performed 
Western blot experiments to detect the expression of 

Figure 4 Overexpression of XBP1s inhibits EMT in PTC cells. (A) Correlation analysis between XBP1 and EMT-related markers (ZO-1, N-cadherin, E-cadherin and 
Vimentin) in TCGA (GEPIA). (B) Western blot analysis of the expression of XBP1s and EMT-related markers in PTC cells. (C) Immunofluorescence analysis of the 
expression of N-cadherin and E-cadherin in PTC cells. Difference between two groups was tested using two-tailed Student’s T-test. Data are expressed as the mean ± SD of 
each group of cells from three separate experiments. *P<0.05; **P<0.01; ***P<0.001, #P>0.05.
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PAX8 and NIS, which are thyroid-specific markers, in 
thyroid cancer after overexpression of XBP1s. We found 
that both PAX8 and NIS were up-regulated when XBP1s 
was overexpressed (Supp. Figure 1B), which is consistent 
with our conjecture. Poorly differentiated and undifferen-
tiated tumors are more malignant and losing their secretory 
function in accordance with XBP1s suppression. It was 
reported that enforced expression of XBP1s resulted in 
reduction of stemness and proliferation of colorectal can-
cer cells, as activation of XBP1s was capable of activating 
PERK-eIF2α signaling, which might reduce the global 
protein synthesis rates and induced apoptosis in these 
cells.12 Whether XBP1s has a similar molecular function 
in thyroid cancer requires future investigation.

Conclusion
In summary, our data indicate that the expression of 
XBP1s is down-regulated in thyroid cancer tissues and 
associated with T classification, lymph node metastasis 
and PTC stages. Functionally, XBP1s acts as a tumor 
suppressor to inhibit the EMT process and metastasis of 
PTC cells. These findings suggest that XBP1s expression 
is a prognostic factor for thyroid carcinoma patients, and 
sustaining XBP1s expression might be a new strategy to 
control PTC progression.
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