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Objective: The study aimed to investigate the value of solute carrier organic anion
transporter family member 4A1 (SLCO4A1) in thyroid cancer mainly from three aspects:
expression, prognosis, and biological function analyses.

Methods: Based on various bioinformatic approaches, genes co-expressed with vascular
endothelial growth factor C (VEGFC) in thyroid cancer were used for further survival and
expression analyses to identify the target gene. After evaluation of the SLCO4A1 expression
levels in thyroid cancer, Cox regression analysis was utilized to predict the risk factors for
survival of thyroid cancer patients. And receiving operating characteristic curve analysis was
performed to validate the prognostic value of SLCO4Al. Additionally, WebGestalt was
employed for enrichment analysis of SLCO4A1 and its co-expressed genes. Further, the
relation between SLCO4A1 and neutrophil was analyzed, followed by exploring the associa-
tion of SLCO4A1 with immunomodulators.

Results: A total of 38 consistent VEGFC co-expressed genes were generated, and
SLCO4A1 was selected as the target gene due to its oncogenic characteristics. SLCO4A1
was highly expressed in thyroid cancer at both gene and protein levels, and SLCO4A1l
mRNA expression was significantly associated with the cancer stage (all P <0.05). Besides,
high SLCO4A1 expression led to unfavorable progression-free survival (PFS) of thyroid
cancer patients (P =0.0066). Further, Cox regression analysis indicated that high SLCO4A1
expression was an independent predictor of poor PFS in patients with papillary thyroid
cancer, particularly in patients at stage 1 and female patients (all P <0.001). The enrichment
analysis results showed that SLCO41A was involved in the neutrophil-mediated immunity
pathway. Moreover, SLCO4A1 had a positive relation with neutrophils (all P <0.05). Finally,
a significant correlation between SLCO4Al and immunomodulators was observed (all
P <0.001).

Conclusion: SLCO4A1 was a potential prognostic biomarker for papillary thyroid cancer
patients. And SLCO4A1 might affect PFS in thyroid cancer patients by positive regulation of
neutrophil-mediated immunity pathway.
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Introduction

Thyroid cancer belongs to one of the most frequent endocrine malignancies world-
wide with a rapidly increasing incidence.' According to statistics, more than 62,000
cases of thyroid cancer were newly diagnosed in 2015.> A previous study also
reported that thyroid cancer cases have been increasing at a rate of 4% every year,
and predicted that thyroid cancer might become the fourth most prevalent cancer in
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2030.> Thyroid cancer is generally classified into four
histological subtypes: papillary, follicular, medullary, and
anaplastic, among which papillary subtype accounts for
80% of all the cases.* Surgery, radiation therapy, and
thyroid hormone were available for the treatment of thyr-
oid cancer.’ Besides, thyroid cancer is featured with slow
growth and a favorable prognosis.® However, about 10%
of cases still exhibited worse clinical outcomes due to
aggressive behavior such as distant metastasis, or local
invasion.” Therefore, it is of urgency to develop effective
biomarkers for improving the diagnosis and prognosis of
thyroid cancer patients.

As a major lymphatic factor, vascular endothelial
growth factor C (VEGFC) plays a regulatory role in angio-
genesis and lymphangiogenesis.® It is involved in the
lymphatic metastasis process of multiple cancers, such as
colorectal cancer,” cervical cancer,'® and thyroid cancer."'
It has been also demonstrated that overexpression of
VEGFC in thyroid cancer led to poor prognosis.'> Thus,
it is reasonable to refer that VEGFC was a key gene in
tumor development.

Solute carrier organic anion transporter family member
4A1 (SLCO4A1), also referred to as OATP4A1, belongs to
the SLCO gene family mediating Na" -independent trans-
membrane transport of various substrates such as thera-
peutic drugs, thyroid hormones, bile acids, and toxins."
The altered uptake of these substrates may contribute to
the changes in the anticancer drug activity, thereby repre-
senting a crucial role in the chemosensitivity of cancer
cells and affecting the cancer progression.'* For instance,
SLCO4A1 would be actively induced by cisplatin in NCI-
H417 cells and had an impact on lung cancer progression
and metastasis."> And the elevated expression of prosta-
glandin E (2) transporting SLCO4A1 caused a decreased
sensitivity to cyclic nucleotides in colorectal carcinoma.'®
Besides, SLCO4A1 was highly expressed in pancreatic
cancer and could be a potential biomarker to target antic-
ancer drugs to pancreatic carcinoma.'’ However, there are
few studies on the expression and function of SLCO4A1
in thyroid cancer.

Based on different bioinformatic databases, we first
determined SLCO4A1 as the target gene since it had
a similar expression and survival pattern to VEGFC, fol-
lowed by analyzing its expression pattern and prognostic
value in thyroid cancer. Then, we identified the co-
expressed genes of SLCO4Al using the LinkedOmics
database and performed enrichment analysis to evaluate
the biological functions and pathways of SLCO4A1 and its

co-expressed genes. Finally, the value of SLCO4Al in
immune therapy was explored.

Materials and Methods

Acquisition Process of the Target Gene

Due to the essential role of VEGFC in tumor progression,
we determined the target gene taking VEGFC as the start-
ing point. cBioPortal (https://www.cbioportal.org/) and
LinkedOmics
used to obtain the genes co-expressed with VEGFC.
Through the cBioPortal database, we searched “THCA”
“Thyroid Carcinoma (TCGA, Firehose
Legacy)” with 516 samples. LinkedOmics is a publicly

(http://linkedomics.org/login.php)  were

and chose
available portal including multi-omics data from 32
TCGA cancer types and 10 clinical proteomics tumor
analysis consortium (CPTAC) cancer cohorts. We screened
the co-expressed genes of VEGFC in TCGA_THCA
RNA-seq data, and the Pearson correlation test was
applied. According to the absolute correlation coefficient,
the top 100 co-expressed genes from two databases were
respectively selected to screen the consistent co-expressed
genes of VEGFC via Venn analysis (http://bioinformatics.

psb.ugent.be/webtools/Venn/). Next, an integrated data-

base for genomic and immunogenomic gene set cancer
analysis (GSCA) (http://bioinfo.life.hust.edu.cn/GSCA/
#/), was employed to examine the survival difference

between the high and low expression of the 38 consistent
co-expressed genes of VEGFC in thyroid cancer. Then, the
expression levels of the 2 genes that were significantly
related to worse progression-free survival (PFS) were ana-
lyzed. And the prognostic significance of SLCO4A1 was
further evaluated through the Kaplan-Meier Plotter web-
site (http://kmplot.com/analysis/index.php?p=background)
by splitting patients with the best cutoff.'® Finally, GSCA
was used to examine the relationship between drug sensi-
tivity and SLCO4A1 mRNA expression.

Analysis of the SLCO4A| Expression
The expression level of SLCO4A1 was analyzed using the

tumor immune estimation resource (TIMER) (https://cis
trome.shinyapps.io/timer/), UALCAN (http://ualcan.path.
uab.edu/), and human protein atlas (HPA) (https:/www.
proteinatlas.org/) databases. TIMER was adopted to initi-

ally explore the transcription level of SLCO4A1 in various
tumor types. Following this, the mRNA expression of
SLCOA4AL in thyroid cancer and normal tissues was eval-
uated by UALCAN database, which is an interactive web
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resource for analyzing cancer OMICS data. We also
assessed the protein localization of SLCO4A1 in human
tumor cells as well as the SLCO4A1 protein expression in
thyroid cancer and normal tissues through HPA.
Moreover, RNA-seq expression and clinical informa-
tion based on TCGA were downloaded from the
cBioPortal database. We used the TCGA-THCA data com-
posed mainly of papillary thyroid cancer samples to deter-
mine the association of SLCO4A1 mRNA expression with
clinical parameters such as age, race, and TNM stage.
Patients were divided into high and low expression groups
by setting median expression as the cutoff. The expression
of SLCO4AL1 at different clinical stages was generated by
UALCAN and gene expression profiling interactive ana-
lysis (GEPIA) databases. GEPIA (http://gepia.cancer-pku.
cn/detail.php) provides customizable functions such as

tumor/normal differential expression analysis, profiling in
accordance with cancer types or pathological stages, and
patient survival analysis.

Analysis of the Prognostic Significance of
SLCOA4AI

We have demonstrated the prognostic role of SLCO4A1
during the acquisition process, we next performed Cox
regression analysis to determine independent prognostic
factors predicting PFS of thyroid cancer patients. Female
was set as a reference level for gender, stage 1 for stage,
Asian for race, papillary thyroid cancer-classical for his-
tological type, and bilateral for primary tumor laterality.
Moreover, the relationship between SLCO4A1 expression
and patient prognosis with restricted clinicopathological
characteristics was examined via the Kaplan-Meier
Plotter Further
SLCO4A1 expression and PFS in thyroid cancer patients

website. multivariate  analysis  of
at stage 1 and female thyroid cancer patients was con-
ducted to investigate the independent prognostic value of
SLCO4ALl in a specific population. Lastly, the TCGA-
THCA data were used for receiver operating characteristic
(ROC) analysis to verify the important value of SLCO4A1
in distinguishing the survival status of thyroid cancer

patients. P-value <0.05 was set as the cut-off criterion.

Enrichment Analysis of SLCO4Al and Its

Co-Expressed Genes

To eclucidate the pathological role of SLCO4Al, the
LinkedOmics database was used to screen the genes co-
expressed with SLCO4A1. The selection criterion was as

follows: cancer cohort, TCGA THCA; search dataset,
RNAseq; search dataset attribute, SLCO4A1; target data-
set, RNAseq; statistical method, Pearson Correlation test.
Next, the WEB-based gene set toolkit
(WebGestalt) (http://www.webgestalt.org/#) was applied
for the enrichment analyses of SLAO4A1 and top 100 co-
expressed genes. The advanced parameters were as fol-

analysis

lows: minimum number of genes for a category, 5; max-
imum number of genes for a category, 500; number of
permutations: 1000. Gene sets with FDR g-value <0.25
and P-value <0.05 were defined as significant pathways.
And the positive or negative pathways were determined
based on the value of the normalized enrichment
score (NES).

Analysis of the Relation Between
SLCO4AI and Neutrophil

First, we used the TIMER database to determine the asso-
ciation of SLCO4A1 with neutrophils, which was vali-
dated by TISIDB (http://cis.hku.hk/TISIDB/index.php).
TISIDB database is a web portal for tumor and immune

system interaction, integrating multiple heterogeneous data
types. Then, we assessed how SLCO4Al expression
related to the expression levels of neutrophil markers
CEACAMS and FUT4 using TIMER, verified by the
GEPIA database.

Value of SLCO4AI in Immune Therapy

To investigate the function of SLCO4A1 in immune ther-
apy, the relationship between SLCO4A1 and immune reg-
ulators including immunostimulator and immunoinhibitor
were examined through the TISIDB database. The thresh-
old was set as |R| >0.5, P-value <0.05.

Statistical Analysis

SPSS 23.0 (SPSS, Inc., Chicago, IL, USA) was utilized to
perform all data analyses. The chi-squared test was per-
formed to analyze the relationship between SLCO4Al
levels and clinicopathological factors in thyroid cancer.
A P-value less than 0.05 was considered statistically
significant.

Results
Identification of SLCO4AI as the Target

Gene
A total of 38 consistent genes co-expressed with VEGFC
were identified via Venn analysis (Figure 1A). And these
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Figure | The acquisition process of the target gene. (A) Screening of the consistent genes that co-expressed with VEGFC. (B) Survival difference between the high and low
expression of the 38 genes co-expressed with VEGFC. (C) The significant relationship between |1 co-expressed genes and PFS. (D) The differential expression analysis of
SLCOA4AI| and RNASEHI. (E) The correlation between SLCO4A| expression and VEGFC expression. (F) The correlation between RNASEH| expression and VEGFC
expression. (G) The expression and survival analyses of SLCO4AI in thyroid cancer. (H) The correlation between GDSC drug sensitivity and SLCO4A| mRNA expression.

genes were uploaded into GSCA for survival and expres- PFS of thyroid cancer patients (P <0.05) (Figure 1B and
sion analysis. No gene was significantly related to OS (all ~C). Notably, high expression levels of SLCO4A1l and
P >0.05), while 11 genes were remarkably associated with RNASEH1 were associated with unfavorable PFS,
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suggesting their clinical significance in thyroid cancer.
Thus, the differential expression of SLCO4Al and
RNASEHI in normal and thyroid cancer tissues was ana-
lyzed. The results exhibited that SLCO4A1 mRNA expres-
sion was upregulated, while RNASEH1 mRNA expression
was downregulated in the thyroid cancer group compared
to the normal group (Figure 1D). The above findings
indicated that SLCO4A1 was an oncogenic gene. By the
Spearman correlation test, VEGFC mRNA expression was
closely correlated with that of SLCO4A1l (rho=—0.445)
(P <0.001), while its expression was not significantly
related to RNASEH1 (Figure 1E and F). Therefore,
SLCO4A1 was selected as the study object.

Following this, the expression pattern and prognostic
value of SLCO4A1 were further evaluated. As shown in
Figure 1G, SLCO4A1 expression was higher in thyroid
cancer tissues in comparison to normal tissues, and its high
expression contributed to shorter PFS of thyroid cancer
patients. Additionally, SLCO4A1 was negatively related to
the drug sensitivity, implying that SLCO4A1 might influ-
ence the clinical outcome of thyroid cancer patients by
reducing the anti-cancer drug sensitivity (Figure 1H).
These results revealed that SLCO4A1 was an oncogenic
gene, which might have a significant impact on thyroid
cancer development, progression, and treatment. Thus,
SLCO4A1 was selected for further analysis.

High SLCO4A| Expression in Thyroid

Cancer

TIMER database was adopted to assess the transcription
level of SLCO4A1 in various tumors and normal tissues,
presenting that this gene expression was significantly
increased in cholangio, colon, pancreatic, rectum, skin,
stomach, and thyroid cancer tissues relative to normal
tissues, which was decreased in bladder, breast, kidney,
liver, and lung cancers (Figure 2A). Then, UALCAN
database was used to quantitatively analyze the differential
SLCO4A1 mRNA expression in thyroid cancer and nor-
mal tissues. The transcription level of SLCO4A1 was
elevated in thyroid cancer, with a statistical difference
(P <0.001) (Figure 2B). After analyzing the gene expres-
sion of SLCO4A1, we next used the HPA database to
assess the localization and expression of SLCO4A1 pro-
tein. SLCO4A1 protein was expressed in cell junction in
human tumor cells, and the immunofluorescence staining
result in the A-431 cell line was presented in Figure 2C. In
addition, SLCO4Al intensity was moderate in thyroid

cancer and negative in normal tissues, respectively
(Figure 2D). Meanwhile, the thyroid cancer tissues
showed medium staining, but normal tissues exhibited
low staining (Figure 2E). Both of them were incubated
with the HPA030669 antibody. These findings suggested
an increased expression of SLCO4A1 in thyroid cancer.

Relationship Between SLCO4A| and
Clinicopathological Parameters of
Thyroid Cancer

We next investigated the relation between SLCO4Al
mRNA expression and clinicopathological parameters in
thyroid cancer. The results showed that mRNA expression
of SLCO4A1 was significantly correlated with cancer
stage (P <0.05), while no significant correlation was
observed with age, M stage, N stage, T stage, race, gender,
histologic type, and primary tumor laterality (Table 1).
After a significant relation was found between SLCO4Al
mRNA expression and cancer stage, we used SLCO4A1
mRNA expression as a continuous variable for assessing
the association of SLCO4A1 with cancer stage through
UALCAN and GEPIA databases. As shown in Figure 3A,
patients at stage 4 showed the highest SLCO4A1 level,
and patients at stage 2 presented the lowest abundance (all
P <0.05). A similar result was observed in the GEPIA
database (P <0.001) (Figure 3B). These findings indicated
that SLCO4A1 may be closely related to the development
of thyroid cancer.

The Association of SLCO4A| with

Thyroid Cancer Patient Prognosis

We subsequently explored the correlation between the
expression of SLCO4A1 and the clinical outcome of thyr-
oid cancer patients. During the acquisition process, we
have demonstrated that high SLCO4A1 expression led to
worse PFS. Therefore, we further assessed the independent
prognostic value of SLCO4A1 for PFS of thyroid cancer
patients by Cox regression analysis. The univariate analy-
sis results showed that age, stage 3, stage 4, papillary
thyroid cancer- tall cell, and SLCO4A1 were significantly
related to PFS (all P <0.05), whereas male, stage 2,
African-American, Caucasian, papillary thyroid cancer-
follicular, isthmus, left lobe, and right lobe were not. In
the multivariate analysis, SLCO4Al and stage 4 were
independent prognostic factors for PFS of papillary thyr-
oid cancer patients (all P <0.05) (Table 2). Due to the vital
value of VEGFC in tumor development, we additionally
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Figure 2 Overexpression of SLCO4Al in thyroid cancer. (A) The gene expression level of SLCO4Al in multiple types of tumor and normal tissues in TIMER. Red box
indicated thyroid cancer. (B) SLCO4Al gene expression in normal and thyroid cancer via UALCAN database. (C) The localization of SLCO4Al protein in tumor cells and
immunofluorescence staining in the A-431 cell line. (D and E) The protein expression of SLCO4Al in thyroid cancer and normal tissues. *P <0.05, ***P <0.001.

verify the independent prognostic significance of
SLCO4A1 by integrating VEGFC into multivariate analy-
sis. SLCO4A1 was still an independent prognostic factor
(P <0.001) (Table 3), suggesting that SLCO4A1 had an
intimate relation with PFS of papillary thyroid cancer
patients.

Increased SLCO4A| Expression is
Related to Prognosis in Thyroid Cancer

Patients at Stage | and Female Patients

As we observed the association of SLCO4A1 with unfa-
vorable thyroid cancer patient prognosis, we next exam-
ined the relation between SLCO4Al expression and
with

patient prognosis restricted  clinicopathological

factors using the Kaplan-Meier Plotter website. As
shown in Table 4, SLCO4A1 had no significant impact
on OS; however, high SLCO4A1 expression had a close
relation with poorer PFS in patients at stage 1 and female
subgroups (P <0.05) (Table 4) (Figure 4A and B).
Following this, the of the
SLCO4A1 expression and PFS in thyroid cancer patients

multivariate analysis
at stage 1 or female patients was carried out to predict the
independent factors. A significant relation was found
between SLCO4A1 and PFS of thyroid cancer patients at
stage 1 (P <0.001). In addition, SLCO4A1, stage 3, and
stage 4 were significantly associated with PFS of female
thyroid cancer patients (all P <0.01) (Table 5), indicating
that SLCO4A1 functioned as an independent prognostic

https:
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Table | Correlation Between SLCO4A | and Clinical Features in
Thyroid Cancer

Variables SLCO4AI Ve P-value
Expression
Low High

Age (years) 1.022 | 0.312
<55 152 128
250 56 59

M stage 0.275 | 0.600
MO 118 103
Ml 3 5

N stage 0.125 | 0.724
NO 92 8l
NI 97 92

T stage 3424 | 0.331
Tl 66 47
T2 63 69
T3 73 63
T4 5 7

Cancer stage 8.323 | 0.040
Stage | 134 94
Stage 2 16 19
Stage 3 41 50
Stage 4 16 23

Race 0.009 | 0.995
Asian 21 20
African-American 9 9
Caucasian 132 126

Gender 0.065 | 0.799
Female 150 137
Male 58 50

Histological type 1.892 | 0.388
PTC-classical 153 129
PTC-follicular 39 38
PTC-tall cell 12 17

Primary tumor laterality 1.278 | 0.734
Bilateral 34 34
Isthmus 9 9
Left lobe 78 60
Right lobe 85 82

Abbreviation: PTC, papillary thyroid cancer.

factor for PFS of these two specific populations. Thus, the
authors referred that SLCO4A1l influenced the clinical
outcome of thyroid cancer patients, possibly by affecting
the tumor progression, particularly in patients at stage 1
and female patients.

Verification of the Predictive Value of
SLCO4AIl by ROC Analysis

To validate the predictive function of SLCO4A1 in distin-
guishing the survival status in thyroid cancer, the TCGA-
THCA data were used for ROC analysis. The results
exhibited that the area under curve (AUC) of SLCO4A1
expression for OS and PFS was 0.550 (95% CI: 0.048-
1.000; P =0.809) and 0.626 (95% CI: 0.536-0.716;
P =0.010), respectively (Figure 5A and B), suggesting
that SLCO4A1 might be a useful biomarker to distinguish
the PFS status in thyroid cancer, which was consistent
with the above findings.

GO and KEGG Analyses of SLCO4Al

To reveal the underlying mechanism of thyroid cancer,
the biological function, and the pathway that SLCO4Al
may be involved in were explored. The genes co-
expressed with SLCO4Al
obtained from the LinkedOmics database. The volcano
plot showed the SLCO4A1 association results, and the
heat map exhibited the co-expressed genes of SLCO4A1

in thyroid cancer were

(Figure 6A—C). Then, three categories of GO compris-
ing of biological process (BP), cellular component (CC),
and molecular function (MF), together with KEGG
enrichment, were performed for SLCO4A1 and top 100
co-expressed genes. For BP terms, SLCO4Al and its
co-expressed genes were mainly enriched in response to
stimulus, biological function, and metabolic process.
Regarding CC, they were mainly involved in membrane,
vesicle, and extracellular space. In terms of MF, they
participated in protein binding, ion binding, and hydro-
lase activity (Figure 6D). KEGG pathway enrichment
indicated that SLCO4A1l and its co-expressed genes
were involved in the positive regulation of neutrophil-
mediated immunity (P <0.05) (Figure 6E), revealing that
SLCO4A1 might play a critical role in THCA growth
and progression via positively regulating neutrophil-
mediated immunity.

SLCO4AI| Expression is Associated with
Neutrophil Infiltration Level in Thyroid

Cancer

We have revealed that SLCO4A1 was involved in the
positive regulation of the neutrophil-related pathway.
Then, the relationship between SLCO4A1 expression
and the degree of neutrophil cell infiltration was explored
using the TIMER database, verified by the TISIDB. The
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Figure 3 SLCO4A| expression at different stages in thyroid cancer. (A) UALCAN.

results showed that SLCO4A1 expression was positively
correlated with neutrophil infiltration level (P <0.001)
(Figure 7A and B). After that, the relation between
SLCO4A1 expression and neutrophil gene markers in
thyroid cancer was explored by TIMER and GEPIA
databases. For TIMER, we adjusted these results on
basis of tumor purity, demonstrating a significant relation
between SLCO4A1 and CEACAMS (P <0.001)
(Figure 7C). However, no significant correlation was
found between SLCO4Al1 and FUT4 (Figure 7D).
Similar correlations were observed of SLCO4A1 expres-
sion with the neutrophil markers in GEPIA (Figure 7E

(B) GEPIA.

and F). Taken together, SLCO4A1l expression had
a positive correlation with neutrophil infiltration level,
and its gene marker CEACAMS.

The Value of SLCO4AIl in Immune
Therapy

As SLCO4A1 was a significant immune infiltration bio-
marker, we investigated the association of SLCO4A1 with
immunostimulators and immunoinhibitors to reveal its
value in immune therapy (Figure 8). According to |R|
>0.5 and P-value <0.05, CD274, PDCDILG2, and
IL2RA had a strong correlation with SLCO4A1, indicating

Table 2 Cox Regression Analysis of the SLCO4A| Expression and Progression-Free Survival in Thyroid Cancer Patients

Covariates Univariate Analysis Multivariate Analysis
Hazard Ratio 95% CI P-value Hazard Ratio 95% CI P-value

Age 1.026 1.005-1.047 0.015 1.003 0.970-1.038 0.841
Male 1.452 0.745-2.830 0.273 1.217 0.541-2.737 0.634
Stage 2 1.210 0.350-4.182 0.763 1.641 0.301-8.952 0.567
Stage 3 2.540 1.225-5.265 0.012 3.032 0.980-9.379 0.054
Stage 4 3.503 1.409-8.708 0.007 5.298 1.421-19.753 0.013
African-American 1.587 0.265-9.503 0613 0.851 0.132-5.508 0.866
Caucasian 1.231 0.373-4.057 0.733 0.753 0.216-2.620 0.655
PTC- follicular 0.749 0.288-1.946 0.553 0.852 0.239-3.046 0.806
PTC- tall cell 2.528 1.040-6.142 0.041 1.971 0.722-5.379 0.185
Isthmus 0.350 0.044-2.774 0.320 0.616 0.074-5.109 0.653
Left lobe 0.549 0.233-1.294 0.171 0.704 0.271-1.826 0.470
Right lobe 0.629 0.275-1.438 0.271 0.737 0.291-1.868 0.520
SLCOA4AI 1.007 1.004-1.009 <0.001 1.008 1.005-1.010 <0.001

Abbreviations: 95% ClI, confidence interval; PTC, papillary thyroid cancer.
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Table 3 Multivariate Analysis of the SLCO4A| Expression and Progression-Free Survival in Thyroid Cancer Patients
Covariates Hazard Ratio 95% CI-I 95% Cl-u P-value
Age 1.003 0.969 1.037 0.876
Male 1.192 0.521 2.724 0.677
Stage 2 1.647 0.300 9.031 0.566
Stage 3 3.146 1.007 9.826 0.049
Stage 4 5.450 1.453 20.435 0.012
African-American 0.802 0.122 5.283 0.819
Caucasian 0.706 0.202 2.465 0.585
PTC- follicular 0.843 0.231 3.080 0.796
PTC- tall cell 1.939 0.709 5.304 0.197
Isthmus 0611 0.074 5.070 0.649
Left lobe 0.714 0.277 1.841 0.485
Right lobe 0.733 0.289 1.854 0511
SLCO4AI 1.008 1.005 1.010 <0.001
VEGFC 1.000 0.999 1.001 0.941

Abbreviations: 95% Cl-I, 95% confidence interval lower; 95% Cl-u, 95% confidence interval upper; PTC, papillary thyroid cancer.

Table 4 The Correlation Between SLCO4A| Expression and Prognosis in Thyroid Cancer Patients with Different Pathological Factors

Clinicopathological Characteristics Overall Survival (n= 502) Progression Free Survival (n= 353)
Number Hazard Ratio P-value Number Hazard Ratio P-value
Stage
| 28| / 0.14 234 5.79 0.0092
2 52 / 0.2 44 0.85 0.87
3 112 0.85 0.83 75 2.17 0.28
4 55 5.7 0.08 / / /
Gender
Female 367 0.69 0.57 269 3.03 0.024
Male 135 0.8l 0.79 84 1.78 0.5
Race
Caucasian 332 227 2.4 0.064
Asian 51 / | 43 0.84 0.9
African-American 27 / 0.21 12 / /

that SLCO4A1 might be a potential biomarker for immune
therapy in thyroid cancer.

Discussion

This study determined SLCO4Al as the target gene by
taking VEGFC as the starting point from co-expression,
survival, expression, and drug sensitivity analyses. Up-
regulated SLCO4A1 gene and protein expression levels
were found in thyroid cancer, and high SLCO4Al
mRNA expression predicted worse PFS for thyroid cancer
patients. Cox regression analysis indicated that SLCO4A1
was a robust independent prognostic factor for PFS of
papillary thyroid cancer patients, particularly for those at
stage 1 and females. Besides, SLCO4A1 was positively

involved in the neutrophil-mediated immunity pathway.
Further analyses showed a positive relation between
SLCO4A1 and neutrophils and revealed its value in
immune therapy.

We initially obtained 38 consistent VEGFC co-expressed
genes from cBioPortal and LinkedOmics databases. After the
survival and expression analyses, we found that SLCO4A1
was an oncogene. Moreover, a strong correlation was
observed between SLCO4Al1 and VEGFC. Interestingly,
we found that SLCO4A1 had a strong negative association
with drug sensitivity, which strengthened its role in the
prognosis of thyroid cancer. Veronika et al pointed out that
many cytotoxic drugs are substrates for SLCO4Al, and
a cancer-specific expression pattern of SLCO4A1 had an
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Figure 4 The high SLCO4AI expression predicted poor PFS in thyroid cancer patients at stage | and female patients. (A) Stage |. (B) Female.

impact on the intracellular accumulation of these drugs, and
hence the abnormal SLCO4A1 expression would influence
the drug sensitivity in cancer cells.'* Based on these observa-
tions, the authors speculated that high SLCO4A1 expression
might affect thyroid cancer patient prognosis by reducing
anti-cancer drug sensitivity, indicating an essential impact
of SLCO4A1 on thyroid cancer.

Previous studies have demonstrated the aberrant
expression of SLCO4A1 in various cancers with multiple
results. High expression level of SLCO4A1 was observed
in prostate cancer and predicted poor outcomes of the
patients.'® Consistent with our results, SLCO4A1 also
exhibited an upregulation in the pancreatic tumor, while

its expression level was decreased in small cell lung

Table 5 Multivariate Analysis of the SLCO4A| Expression and Progression-Free Survival in Thyroid Cancer Patients at Stage | or

Female Patients

Covariates Stage | Female

Hazard Ratio 95% Cl-l-u P-value Hazard Ratio 95% Cl-l-u P-value
Age 0.944 0.865-1.029 0.191 0.961 0.910-1.016 0.159
Male 0.536 0.061-4.668 0.572 / / /
African-American 2.781 0.000-Inf 0.999 0.621 0.057-6.759 0.696
Caucasian 336,973.591 0.000-Inf 0.976 0.490 0.133-1.805 0.284
SLCOA4AI 1.009 1.005-1.014 <0.001 1.008 1.005-1.011 <0.001
VEGFC 1.000 0.998-1.002 0.995 1.000 0.999-1.002 0.616
Stage 2 / / / 4.420 0.671-29.141 0.122
Stage 3 / / / 7.209 1.549-33.545 0.012
Stage 4 / / / 12.293 1.723-87.681 0.012
PTC- follicular 0.874 0.100-7.642 0.903 0.325 0.039-2.680 0.296
PTC- tall cell 5.281 0.518-53.890 0.160 1.492 0.445-5.001 0517
Isthmus 0.000 0.000-Inf 0.988 0.732 0.078-6.896 0.785
Left lobe 0.927 0.141-6.089 0.937 0.818 0.250-2.674 0.740
Right lobe 0.778 0.140-4.311 0.774 0.613 0.190-1.979 0.414

Abbreviations: 95% CI-l, 95% confidence interval lower; 95% Cl-u, 95% confidence interval upper; PTC, papillary thyroid cancer.
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Figure 6 Screening and enrichment analysis of SLCO4A| and its co-expressed genes. (A) The volcano plot of the genes co-expressed with SLCO4Al. (B) The 50 positively
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Figure 7 The correlation between SLCO4A| expression and neutrophil infiltration as well as its gene markers. The correlation between SLCO4A| and neutrophil through
(A) TIMER, and (B) TISIDB. The correlation between SLCO4AI and neutrophil gene marker CEACAMS through (C) TIMER, and (E) GEPIA. The correlation between

SLCOA4AI and neutrophil gene marker FUT4 through (D) TIMER, and (F) GEPIA.

cancer tissue.'>'” In this study, SLCO4Al was highly
expressed in thyroid cancer, and its mRNA expression
was significantly related to the cancer stage, indicating
that SLCO4A1 might be involved in thyroid cancer pro-
gression. In addition, our preliminary research found that
among the three major histological subtypes (classical,
follicular, and tall cell), the classical and tall cell papillary
thyroid cancers had elevated SLCO4A1 mRNA expression
compared to normal tissues. Interestingly, Yi et al showed

that FOXF1 expression was only significantly lower in the
classical papillary thyroid cancer than that in adjacent
normal tissues.?’ Then, we explored the prognostic signif-
icance of SLCO4A1 in thyroid cancer and we found that
SLCOA4A1 served as an independent prognostic factor for
PFS of papillary thyroid cancer patients. Specifically,
SLCO4A1 was significantly related to PFS in thyroid
cancer patients at stage 1 or female patients. It has also
been reported that SLCO4A1 mediated the cellular uptake
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Figure 8 The association of SLCO4AI with immunoregulators in thyroid cancer. (A) CD274. (B) PDCDILG2. (C) IL2RA.

of many substrates including thyroid hormones, which
regulated the progression of cancer through binding the
thyroid hormone receptor.?' Importantly, thyroid hormone
concentration is considered as an independent risk factor
for the development and progression of thyroid cancer.*
Therefore, the elevated expression of SLCO4A1 might
alter the uptake of thyroid hormones, facilitating the pro-
gression of thyroid cancer.

To elucidate the underlying mechanism, GO and KEGG
analyses of SLCO4A1 and its co-expressed genes in thyroid
cancer were performed. BPs were mainly enriched in
response to stimulus, biological function, and metabolic pro-
cess. CCs were mainly enriched in membrane, vesicle, and
extracellular space. MFs were mainly enriched in protein
binding, ion binding, and hydrolase activity. Besides,
SLCO4A1 was positively related to the neutrophil-
mediated pathway. An additional key finding of the study
was that SLCO4A1 had a positive association with neutro-
phil infiltration and its immune marker CEACAMS. These
results suggested that SLCO4A1 was related to tumor growth
and metastasis, promoting the progression by positive regu-
lation of the neutrophil-related pathway. High infiltration
level of neutrophils contributes to worse prognosis,
advanced-stage cancer, and lower PFS, which supported the
conclusion of our study.” Finally, we explored the value of
SLCO4A1 in immune therapy, and found a strong correlation
between SLCO4Al
CD274, PDCDI1LG2, and IL2RA, making it a possible bio-
marker for the immune treatment of thyroid cancer.

and immunomodulators including

Although further investigations by in vitro and in vivo
experiments were needed to validate the results, our study
provided strong theoretical support for the significant
value of SLCO4Al in the diagnosis and prognosis of
papillary thyroid cancer.

Conclusions

In summary, SLCO4A1 may be a valuable biomarker in
the papillary thyroid cancer diagnosis and prognosis, and
an important target for the treatment of this cancer.
Moreover, SLCO4A1 might affect the development of
thyroid cancer by positively regulating the neutrophil-
mediated immunity pathway.
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