
Research Article
Investigation of Transcript Variant 6 of TPD52L2 as a Prognostic
and Predictive Biomarker in Basal-Like MDA-MB-231 and MDA-
MB-453 Cell Lines for Breast Cancer

Xin Zhang ,1,2 Daniel O’Brien ,3 and Xiaohui Zhang4

1Department of Spine Surgery, Weifang People’s Hospital, Weifang, Shandong 261000, China
2Key Laboratory of Human Spine Biomechanics of Weifang City, Weifang, Shandong 261000, China
3Bioinformatics Core, Mayo Clinic, Rochester, MN 55905, USA
4Department of Breast Surgery, Peking Union Medical College Hospital, Chinese Academy of Medical Science, Beijing 100730, China

Correspondence should be addressed to Xin Zhang; zhangxin07@stu.cpu.edu.cn

Received 22 July 2022; Accepted 10 August 2022; Published 29 August 2022

Academic Editor: Tarique Hussain

Copyright © 2022 Xin Zhang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Basal-like breast cancer (BLBC) exhibits worse pathological features than other breast cancer subtypes, and patients
diagnosed with BLBC have short disease-free and overall survival times. Thus, the identification of novel biomarkers and
therapeutic targets for BLBC is of upmost importance. Although TPD52L2 is upregulated in multiple cancers, little is known
about its roles in BLBC. Methods. RNA levels were analyzed between breast cancer tissues and paired adjacent normal tissues
using RNA-seq data from The Cancer Genome Atlas (TCGA). TPD52L2 stable knockdown and inducible knockout cell lines
were established using basal-like MDA-MB-231 and MDA-MB-453 cell lines. Cell proliferation assays in vitro and tumor
growth analysis in vivo were performed to determine the function of TPD52L2 during BLBC progression. Transwell assays
were used to estimate the regulatory effect of TPD52L2 on BLBC cell migration. The expression profile of all tpd52l2
transcripts was analyzed to assess the functional protein isoform. Association of transcript variant 6 (V6) expression with
pathological parameters was carried out using the clinical data of the BRCA cohort. Results. We identified V6 of TPD52L2 as a
novel biomarker and regulator of BLBC progression. TPD52L2 is upregulated in BLBCs and associated with patient outcomes.
TPD52L2 knockdown suppresses tumor growth, and V6 correlates with cancer-related phenotypes in BLBC. Clinical data
further proved that V6 is associated with different pathological features, such as pathological stage and pathological tumor
status, and independently predicts patient outcomes and responses to therapies. Conclusions. Our findings demonstrate that V6
of TPD52L2 is a novel biomarker for BLBC patients. V6 promotes cell proliferation and migration and has marked oncogenic
roles in determining the malignant phenotypes of BLBC.

1. Introduction

Breast cancer (BC) is one of the most lethal diseases and led to
almost 685,000 female deaths in 2020 worldwide [1]. It is a
heterogeneous disease with diverse molecular alterations and
cellular components. The PAM50 signature is used to divide
breast cancers into luminal A, luminal B, Her 2-enriched,
basal-like, and normal-like subtypes. Compared to other sub-
types, basal-like breast cancer (BLBC) exhibits worse clinical
and pathological features, such as poorer differentiation,
higher proliferation capacity, increased stemness and metasta-

sis potential, and more prominent lymphocyte infiltration.
Patients diagnosed with BLBC generally have short disease-
free and overall survival times [2]. Most BLBC cases are
triple-negative breast cancer (TNBC) (negative expression of
estrogen receptor (ER), progesterone receptor (PR), and
Her2 receptor). Endocrine and targetmolecular therapies have
limited effects on this malignant subtype [3]. Genomic and
transcriptomic analyses contribute to the understanding of
the molecular basis and malignant phenotypes of cancers.
Many biomarkers have been identified and have decreased
the lethality of BLBC in recent years. A signature of 80 genes
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Figure 1: Continued.
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distinguished two basal-like subgroups with different clinical
features. This signature was associated with the cancer
immune response and epithelial-mesenchymal transition [4].
To date, biomarkers that are associated with pathological fea-
tures and can predict clinical outcomes have been limited in
BLBC. Therefore, the identification of new biomarkers and
therapeutic targets for BLBCs and the demonstration of their
molecular mechanisms will lead to better management of this
aggressive disease.

The tumor protein D52-like family is a group of coiled coil
proteins. This family consists of TPD52, TPD52L1 (TPD53),
TPD52L2 (TPD54), and TPD52L3 (TPD55), which are highly
expressed inmultiple cancers. TPD52 was shown to be overex-
pressed in breast cancer and prostate cancer and identified as a
candidate oncogene [5, 6]. TPD52 overexpression increased
the storage of fatty acids in triglycerides in cultured cells and
formed more lipid droplets after oleic acid supplementation
[7]. In oral squamous cell carcinoma (OSCC), TPD52 was ele-
vated under hypoxic conditions in a HIF-independentmanner
and promoted cell proliferation and survival [8]. It was
recently validated that immunohistochemistry (IHC) of
TPD52 had important prognostic values for group 3/4 medul-
loblastomas [9]. These data suggested that inhibition of
TPD52 could contribute to cancer treatment.

TPD52L2 is another abundant member of the tumor
protein D52-like family. Proteomic analysis revealed that
TPD52L2 was one of the most abundant proteins in HeLa
cells, ranking 180th out of 8,804 proteins, with an estimated
3:3 × 106 copies per cell [10]. TPD52L2 is involved in a new
class of intracellular transport vesicles: intracellular nanove-
sicles (INVs). It can interact with Rab GTPases and bind

directly to INVs to regulate the trafficking of specific cargos
with dileucine sorting motifs [11]. However, there are lim-
ited studies on its cellular functions, molecular mechanisms,
and clinical significance in different types of cancers. In this
study, we evaluated TPD52L2 expression and its impact on
patient outcomes in a breast cancer cohort from The Cancer
Genome Atlas (TCGA) dataset. We found that TPD52L2 is
upregulated in BLBC and is notably associated with the out-
comes of patients with BLBC and lymph node-positive
BLBC. TPD52L2 knockdown had an inhibitory effect on
the growth of BLBC cells, and transcript variant 6 (V6)
was identified to be translated into the oncogenic protein
isoform. Clinical data further validated that V6 is linked to
pathological features and predicts patient outcomes and
therapy response. Our results established TPD52L2 as a
novel biomarker in BLBCs and a potential therapeutic target.

2. Materials and Methods

2.1. TPD52L2 Expression Analysis in Tumors and Normal
Tissues. Data for TCGA cohorts were downloaded from the
UCSCXena browser and analyzed [12]. The TPD52L2 expres-
sion data and patient survival data for 33 cancer types were
obtained from TCGA. All the clinical parameters of breast
cancer patients were downloaded from the BRCA cohort
(http://xena.ucsc.edu/). Normal (GTEx samples) and tumor
(TCGA samples) tissues were compared using resources from
TCGA TARGET GTEx dataset in UCSC Xena [12, 13]. The
overall survival of patients in the GSE96058 dataset was ana-
lyzed using the published resource Kaplan–Meier plotter
(http://kmplot.com/) [14].
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Figure 1: Expression analysis of TPD52L2 in breast cancer. (a) TPD52L2 expression in cancer tissues based on TCGA dataset. (b)
Comparative analysis of TPD52L2 expression between cancer tissues and paired adjacent normal tissues from the BRCA cohort of
TCGA. The difference was not significant (paired t-test). (c, d) TPD52L2 expression between cancer tissues and paired adjacent normal
tissues in breast cancer patients with different PAM50 subtypes. (d) For BLBC patients, the difference between groups was significant
(paired t-test, ∗p < 0:05). (e) TPD52L2 expression between non-BLBC and BLBC patients from the BRCA cohort. The difference between
groups was significant (Mann–Whitney test). (f, g) Comparative analysis of TPD52L2 expression in breast cancer patients from the
BRCA cohort: (e) stages I, II, III, and IV and (f) T1, T2, T3, and T4. The differences between groups were significant (Mann–Whitney
test, ∗p < 0:05).
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Figure 2: Continued.
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2.2. Cell Culture and Expression Plasmids. MDA-MB-231
and MDA-MB-453 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, HyClone; Thermo Scientific)
with 10% fetal bovine serum (FBS), 100U/mL penicillin,
and 100μg/mL streptomycin in 5% CO2-humidified incuba-
tors at 37°C. All cell lines were purchased from the American
Type Culture Collection (ATCC) and free of mycoplasma
contamination (tested by the vendor). Expression plasmids
of ten transcript variants of tpd52l2 were purchased from
GenScript. Briefly, the cDNAs of ten transcript variants of
tpd52l2 were cloned into vector pcDNA3.1 with an HA tag
linked to the C-terminus of the protein sequence. All con-
structs were confirmed by DNA sequencing.

2.3. TPD52L2 Stable Knockdown Cell Lines. TPD52L2 short
hairpin RNA (shRNA) plasmids were purchased from Ori-

Gene. The target sequences of shRNAs used in this study
included GGAAGGGAGGTTGTCACTG, AGAAAGGTG
CGGGATCCGA, and TGGCGCAGAGTGACAATTT.
MDA-MB-231 cells were transfected with shRNA plasmids
using Lipofectamine 2000 transfection reagents purchased
from Invitrogen. The transfected cells were selected with
2μg/mL puromycin 36h after transfection for 5 days. Clones
were isolated and validated by Western blotting and
sequencing of genomic DNA.

2.4. Cell Viability Assay. Viable cells were measured using
Cell Counting Kit-8 (CCK-8, Dojindo) as previously
described [15]. Briefly, 3000 cells per well were seeded in
96-well plates, and the medium was replaced every 3 days.
Ten microliters of CCK-8 solution were added to each well
containing 100μL of culture medium and incubated for 2 h
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Figure 2: Kaplan–Meier curves indicating the OS of breast cancer patients with low and high TPD52L2 levels from the GSE96058 dataset
[14]. (a) Kaplan–Meier curves of the OS of all breast cancer patients and patients with different PAM50 subtypes, including basal-like,
luminal A, luminal B, Her2, and normal-like subtypes. (b) Kaplan–Meier curves of the OS of all lymph node-positive breast cancer
patients and lymph node-positive patients with different PAM50 subtypes, including basal-like, luminal A, luminal B, Her2, and normal-
like subtypes (log-rank test, ∗p < 0:05).
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at 37°C. The absorbance was measured at 450nm using an
ELISA plate reader. Cell proliferation was measured once
per day for seven days.

2.5. Colony Formation Assays. In total, 1000 MDA-MB-231
cells or 2000 MDA-MB-453 cells per well were seeded in
6-well plates. The cells were cultured for 14 days, and visible
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Figure 3: TPD52L2 impact on breast cancer patient survival and therapy response. (a–d) Kaplan–Meier curves indicate the OS, DFI, DSS,
and PFI of breast cancer patients with low and high TPD52L2 levels from the BRCA cohort. (e, f) Kaplan–Meier curves indicate the OS of
breast cancer patients with low and high TPD52L2 levels after treatment with radiation therapy or targeted therapy from the BRCA cohort
(log-rank test, ∗p < 0:05).
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Figure 4: Continued.
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colonies were formed. The cells were fixed with 4% parafor-
maldehyde solution and visualized by staining with 1% crys-
tal violet. The colonies were counted. Each assay was
performed in triplicate and repeated three times.

2.6. Migration Assay. Migration assays were performed on
Transwell plates (Millipore). MDA-MB-231 cells (1 × 105)
and MDA-MB-453 cells (2 × 105) were seeded on a polycar-
bonate membrane insert placed in a Transwell plate and
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Figure 4: Expression profiles of tpd52l2 transcript variants. (a) Heatmap of the expression of the ten transcript variants of the tpd52l2 gene
in patients from 33 cohorts of TCGA dataset (including 469 patients with primary and metastatic cancers from SKCM and 9083 patients
with primary cancers from the other 32 cohorts). Cohorts were arranged by unsupervised clustering of median transcript expression. (b)
Intron and exon distributions of each transcript variant of the tpd52l2 gene. Colored bars represent exons, and white-gray bars represent
introns. 0/1/2 represent the intron/exon phase. (c) Comparative analysis of tpd52l2 transcript expression in patients with primary cancers
from the BRCA, COAD, LUAD, BLCA, and KIRP cohorts and in patients with primary and metastatic cancers from the SKCM cohort
of TCGA dataset. Blue lines are the median expression of each transcript. Red dashed lines indicate the cutoff value of one. (d)
Expression of transcript variant 5 of tpd52l2 between breast cancer tissues and paired adjacent normal tissues from the BRCA cohort of
TCGA dataset. n = 112, no significant difference, paired t-test. (e) Expression analysis of transcript variant 6 of tpd52l2 between breast
cancer tissues and paired adjacent normal tissues grouped by PAM50 in the BRCA cohort (paired t-test, ∗p < 0:05). (f) Comparative
analysis of the mRNA expression level of tpd52l2 and the transcript expression levels of V5 and V6 between cancer tissues in the BRCA
cohort and normal breast tissues in GTEx (Mann–Whitney test, ∗p < 0:05).
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Figure 5: Continued.
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cultured in DMEM without serum; then, DMEM containing
10% FBS was added to the wells of the plates [15]. After incu-
bation at 37°C in a CO2 incubator for 18h, the membrane was
washed with phosphate-buffered saline (PBS), and the cells at
the top of the membrane were wiped with cotton swabs. Cells
that migrated to the bottom of the membrane were fixed with
methanol, stained with 1% crystal violet, and counted in nine
random fields at 200x magnification. Each assay was per-
formed in triplicate and repeated three times.

2.7. Western Blotting. Proteins were extracted with SDS lysis
buffer (50mM Tris-HCl (pH6.8), 10% glycerol, and 2%
SDS) and quantified using the BCA protein assay reagent
(Thermo Fisher). Extracts were loaded on a 12% SDS-
PAGE gel, separated, and then electrophoretically trans-
ferred to a PVDF membrane (GE Healthcare) [15]. The
membrane was blocked in 2% skim milk for 0.5 h at room
temperature and then incubated overnight with the indi-
cated antibodies at 4°C. The membrane was incubated with
an HRP-IgG (Santa Cruz) secondary antibody for 1 h at
room temperature. Chemiluminescence was detected using
an ECL blot detection system (Santa Cruz). Vinculin
(13901) and HA-tagged (3724) antibodies were purchased
from Cell Signaling Technology Company. The TPD52L2
(11795-1-AP) antibody was purchased from Proteintech
Company.

2.8. Hierarchical Clustering and Transcript Expression
Analysis. The expression of ten TPD52L2 transcript variants
of 33 cancer types from TCGA dataset, which included
information for a total of 9552 cancer tissues (containing
9185 primary cancers and 366 metastatic cancers of the
SKCM cohort) (additional files), was downloaded from the

UCSC Xena browser and analyzed by unsupervised hierar-
chical clustering (median value of transcript expression)
using ClustVis at http://biit.cs.ut.ee/clustvis/ [12, 16].

2.9. Gene Structure and Protein Sequence Analyses. The
exon/intron distributions were analyzed using GSDS soft-
ware [17]. The mRNA, cDNA, and gene sequences of
TPD52L2 are listed in additional files. The amino acid
sequences of ten protein isoforms of TPD52L2 were com-
pared using Clustal Omega2 software with default parame-
ters [18]. Protein sequences are listed in additional files.

2.10. TPD52L2 Inducible Knockout Cell Lines. Tetracycline-
inducible lentiviral hEF1α-Blast-Cas9 nuclease particles
and Edit-R lentiviral sgRNA particles were obtained from
Dharmacon. The target sequence of the sgRNA was GCTC
AGGGCTGAGCTTACCA. MDA-MB-453 cells were
infected at an MOI of 5 according to the manufacturer’s
instructions. Briefly, MDA-MB-453 cells were infected with
inducible Cas9 lentivirus, and 36 h after infection, cells were
cultured in DMEM containing 10% tetracycline-free serum
(HyClone) with 8μg/mL blasticidin S (Fisher Scientific) to
select for stably expressing cells. Cells were passaged every
3 days for two weeks, and then, single clones were isolated
and validated by Western blotting. Next, the inducible
Cas9 clones were expanded and infected with sgRNA lentivi-
rus. Cells were cultured in 2μg/mL puromycin (Fisher Sci-
entific) for 5 days to obtain stable cell lines, and then,
single clones were isolated and expanded. Dox (1μg/mL)
hyclate (Fisher Scientific) was added to Tet-free medium
for 2 days, and stably expressing cells were examined and
selected by Western blotting.
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Figure 5: The effect of TPD52L2 on the tumorigenesis of BLBC cells in vitro and in vivo. (a–e) The MDA-MB-231 cell line was transfected
with either shCON or 3 different shRNAs targeting TPD52L2. After puromycin selection and positive colony enrichment, MDA-MB-231
cell lines with stable knockdown were established. (a) Cell viability assays. The samples were assayed in triplicate. Each point represents
the mean value from three independent samples. (b) Colony formation assays. (c) Cell migration assays. Representative photographs and
bar graphs were from three independent experiments (mean ± SD, n = 3, t-test, ∗p < 0:05). (d) Growth curves of xenograft tumors
obtained upon subcutaneous implantation of shCON or shTPD52L2 cells. Tumor volumes were monitored every 3 days by measuring
tumor diameters (mean ± SD, n = 10, ∗p < 0:05). (e) Images and weights of xenograft tumors. The 5tumors were removed, photographed,
and weighed (mean ± SD, n = 10, t-test, ∗p < 0:05). (f–i) MDA-MB-453 cells were infected with lentiviruses expressing CAS9 under the
control of a doxycycline-inducible promoter and lentiviruses expressing a sgRNA targeting TPD52L2 (sgTPD52L2). Stable inducible
Cas9-sgTPD52L2 cell lines were established after two rounds of selection using blasticidin and puromycin. (f) Cell viability assays of
inducible Cas9-sgTPD52L2 cell lines. The samples were assayed in triplicate. Each point represents the mean value from three
independent samples. (g) The stable cell lines were treated with doxycycline for 48 h and then washed and transfected with plasmids
containing the cDNAs of V5 or V6 tagged with HA. Forty-eight hours after transfection, the cells were lysed and immunoblotted as
indicated. (h) Colony formation assays. (i) Cell migration assays. Representative photographs and bar graphs are from three independent
experiments. The data are presented as the mean ± SD (n = 3, t-test, ∗p < 0:05).
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2.11. In Vivo Tumorigenesis. Animal experiments were per-
formed in accordance with a protocol approved by the ani-
mal care and use committees of Weifang People’s Hospital.
Five million tumor cells were resuspended in 0.1mL
phosphate-buffered saline and inoculated into the flanks of
6-week-old female athymic nude mice. Ten mice were
injected in each group. Tumor growth was monitored every
3 days by measuring tumor diameters. Tumor width (W)
and length (L) were measured, and tumor volume was calcu-
lated using the following formula: volume = ðW × LÞ2/2.

Mice were sacrificed 28 days after inoculation. The tumors
were removed, photographed, and weighed, and the average
weight of the tumors was calculated (∗p < 0:01).

2.12. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism 9. The results were statistically eval-
uated, and p < 0:05 was considered statistically significant.
The Mann–Whitney test was used to compare the expres-
sion of TPD52L2 between cancer tissues and unpaired nor-
mal tissues, as well as in different subgroups. A paired t
-test was used to analyze the difference in expression
between cancer tissues and paired adjacent normal tissues.
Fisher’s exact test and Pearson’s chi-squared test were used
to determine the association between TPD52L2 (or tran-
script V6) expression and clinical parameters of breast can-
cer patients [19]. Survival data were analyzed using the
Kaplan–Meier method with the log-rank test [19, 20].

3. Results

3.1. TPD52L2 Expression Is Upregulated in BLBC. We found
that TPD52L2 was highly expressed in the 1092 patients
with primary breast cancer from TCGA BRCA cohort, with
a median expression value of 6.177 (Figure 1(a)). However,
no remarkable difference could be detected between 112
breast cancer tissues and paired adjacent normal tissues
(Figure 1(b)). To expand our analysis, we investigated
TPD52L2 expression in patients with luminal A, luminal B,
and Her 2-enriched, and BLBCs (Figures 1(c) and 1(d)).
As shown in Figure 1(d), TPD52L2 was upregulated in
BLBCs, with a median value of 6.67, which was significantly
higher than that in paired adjacent normal tissues, with a
median value of 6.14 (n = 11, p < 0:001). For other subtypes,
including luminal A, luminal B, and Her 2-enriched,
TPD52L2 expression showed no difference between cancer
tissues and paired adjacent normal tissues.

Importantly, TPD52L2 expression in 97 patients with
BLBCs was much higher than that in 419 patients with
non-BLBCs (Mann–Whitney test, p < 0:001) (Figure 1(e)).
We further examined whether TPD52L2 expression was cor-
related with pathological stage and pathological tumor (pT)
status. TPD52L2 expression increased significantly for
patients with higher pathological stages compared to those
with lower stages (Mann–Whitney test, stage IV vs. stage I:
p = 0:0014; stage IV vs. stage II: p = 0:0048) (Figure 1(f)).
The median expression value was 6.13 in patients with stage
I disease and 6.51 in patients with stage IV disease. No sig-
nificant correlation was found between TPD52L2 expression
and tumor size (T1 vs. greater) (Figure 1(g)).

3.2. TPD52L2 Predicted the Prognosis of BLBC. We analyzed
the OS of patients from another breast cancer dataset,
GSE96058 [14]. Patients with BLBC showed better overall
survival in the TPD52L2 low-expression group than in the
TPD52L2 high-expression group (Kaplan–Meier survival
analysis with log-rank test, basal-like: n = 309, p = 0:036)
(Figure 2(a)). Among the lymph node-positive BLBC
patients, those in the TPD52L2 low-expression group lived
longer than those in the TPD52L2 high-expression group

Table 1: Association between the transcript expression of V6 and
clinicopathological parameters in breast cancer patients of the
BRCA cohort.

Clinicopathological
parameters

n
TPD52L2 expression

p valueHigh
(>median)

Low
(<median)

Age

≥60 370 169 201 0.8141

≤60 443 206 237

Her2

Positive 113 59 54 0.1575

Negative 647 288 359

PR

Positive 518 226 292 0.05107

Negative 253 130 123

ER

Positive 597 269 328 0.3822

Negative 177 87 90

Pathologic_M

M0 906 435 471 0.008415∗

M1 22 17 5

Pathologic_N

N0 513 244 269 0.05549

N1 361 171 190

N2 119 71 48

N3 77 43 34

Pathologic_T

T1 280 114 166 0.000301∗

T2 629 319 310

T3 138 85 53

T4 40 24 16

Pathologic_stage

Stage I 182 76 106 0.0006917∗

Stage II 617 297 320

Stage III 249 144 105

Stage IV 20 15 5

Age: at initial pathological diagnosis; pTNM: pathological tumor node
metastasis; pT: pathological tumor; pN: pathological node. The median
expression value was 4.251. ∗The significance of correlations between V6
expression and clinicopathological parameters was calculated by the χ2

test, and Fisher’s exact test was used when the patient number had an
expected count < 5.
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Figure 6: Continued.
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(Kaplan–Meier survival analysis with log-rank test, basal-
like: n = 93, p = 0:012) (Figure 2(b)). As for other PAM50
subtypes, the OS time of lymph node-positive patients was
not different between the low-expression group and the
high-expression group (Figures 2(a) and 2(b)).

We then analyzed whether TPD52L2 expression was
correlated with the prognosis of breast cancer patients in
the BRCA cohort. As shown in Figure 3(a), the median sur-
vival was 132 months for patients in the TPD52L2 low-
expression group and 115 months for patients in the
TPD52L2 high-expression group (Kaplan–Meier survival
analysis with log-rank test, n = 1090, p = 0:0011)
(Figure 3(a)). TPD52L2 expression was also correlated with
disease-free interval (DFI), disease-specific survival (DSS),
and progression-free interval (PFI). The outcomes were bet-
ter for patients with low TPD52L2 expression than for
patients with high TPD52L2 expression (Kaplan–Meier sur-
vival analysis with log-rank test, DFI: n = 946, p = 0:0469;
DSS: n = 1072, p = 0:0065; and PFI: n = 1090, p = 0:0007)
(Figures 3(b)–3(d)). Furthermore, we observed significant
impacts of TPD52L2 on the overall survival of patients
who received radiation therapy, and OS time decreased dra-
matically in the high TPD52L2 expression group (Kaplan–

Meier survival analysis with log-rank test, p = 0:0119)
(Figure 3(e)). Similarly, for patients who received targeted
molecular therapy, those with low TPD52L2 levels received
a greater survival benefit (median time: ~248 months) than
those with high TPD52L2 levels (median time: ~109
months) (Kaplan–Meier survival analysis with log-rank test,
p = 0:0321) (Figure 3(f)).

3.3. The Expression Profile of tpd52l2 Transcript Variants in
Breast Cancer. The tpd52l2 gene has at least ten transcript
variants yet one protein isoform according to previous
works [21, 22]. To assess which transcript was translated
into protein, we first examined the expression of all ten tran-
script variants in cancer patients from 33 cohorts of TCGA
datasets. Unsupervised clustering analyses classified 16 can-
cer types as a major clade, including BLCA, LUAD, READ,
COAD, BRCA, and SKCM (Figure 4(a)). These cancer types
displayed lower expression of transcript variants 8, 3, 1, 2,
and 4 (V8, V3, V1, V2, and V4) and higher expression of
transcript variants 5, 6, 10, and 9 (V5, V6, V10, and V9) than
those of other cohorts. BRCA and SKCM were clustered into
one subclade, indicating that breast carcinoma had the clos-
est relationship with skin cutaneous melanoma in this
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Figure 6: Expression of V6 of tpd52l2 in patients with different pathological characteristics and its impact on survival and therapy response.
(a) Comparative analysis of transcript expression of V6 in breast cancer patients with pathological_M0 status and pathological_M1 status.
(b) Comparative analysis of transcript expression of V6 in breast cancer patients with pathological_N0 status and higher status (N1, N2, and
N3). (c) Comparative analysis of transcript expression of V6 in breast cancer patients or BLBC patients with lower pathological T stage (T1
and T2) and higher pathological T stage (T3 and T4). (d) Comparative analysis of transcript expression of V6 in breast cancer patients or
BLBC patients with different pathological stages (stages I, II, III, and IV). (e) Kaplan–Meier curves indicating the OS, DFS, and PFI of breast
cancer patients in the BRCA cohort. (f) Kaplan–Meier curves indicating the OS of breast cancer patients who received radiation therapy or
targeted therapy in the BRCA cohort (Kaplan–Meier analysis with log-rank test for survival analysis, Mann–Whitney test for expression
analysis, ∗p < 0:05).
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analysis. There were several minor clades, including one
minor clade with higher expression of V8 in KICH, HNSC,
LUSC, and KIRC and another minor clade with lower
expression of V10 in LIHC, DLBC, UCEC, and ACC, when
compared to other cancer types (Figure 4(a)). Gene struc-
tures of the transcripts, excluding the 3′-UTR and 5′-UTR,
are shown in Figure 4(b), and the predicted intron/exon
phases are marked. The transcripts in the same subclades
exhibited highly conserved gene structural patterns.

We identified that V5 and V6 were the top two enriched
transcripts in patients using the median value of one as the
expression cutoff value (Figure 4(c)). Due to the higher
abundance of V5 and V6 in BRCA patients, we hypothesized
that one of the two transcripts could be translated into the
functional protein TPD52L2 in BLBCs. We compared the
expression of V5 and V6 in breast cancer tissues and paired
adjacent normal tissues according to the PAM50 classifica-
tion. V5 expression showed no difference between breast
cancer tissues and paired adjacent normal tissues in any sub-
type. In contrast, V6 expression was markedly elevated in
breast cancer tissues compared with paired adjacent normal
tissues in all PAM50 subtypes, except the Her2-enriched
subtype (Figures 4(d) and 4(e)). We also examined the
expression of each transcript between breast cancer tissues
and normal breast tissues of the GTEx dataset. V6 expres-

sion was markedly elevated in tumor tissues compared with
normal tissues, whereas V5 and other transcripts showed no
significant difference (Figure 4(f)). These clinical results sug-
gested that V6 is most likely to be the functional transcript of
the TPD52L2 protein.

3.4. TPD52L2 Knockdown Suppressed the Proliferation and
Migration of BLBC Cells. Based on the clinical data, we
hypothesized that TPD52L2 could help to maintain the
malignant phenotypes of BLBC cells. We selected highly
aggressive basal-like MDA-MB-231 cells and established a
stable knockdown cell line via lentiviral infection of
TPD52L2 shRNA (Figure 5(a)) [23]. We detected a dramatic
decrease in cell proliferation via the CCK-8 assay and further
observed that the ability to form colonies was remarkably
suppressed in TPD52L2 stable knockdown cells
(Figures 5(a) and 5(b)). The colony number of knockdown
cells was less than 50% of that of the control cells
(Figure 5(b)). Moreover, cell migration decreased signifi-
cantly after TPD52L2 knockdown (Figure 5(c)). The migra-
tion rate of control cells was approximately 4-fold higher
than that of knockdown cells. No change in cell apoptosis
was detected using annexin V staining and flow cytometry
(data not shown).

To determine the effect of TPD52L2 on tumorigenesis
in vivo, we subcutaneously injected control and stable
knockdown cells into nude mice and monitored tumor
growth. As shown in Figure 5(d), the potential to form
tumors was markedly decreased in the TPD52L2 stable
knockdown line when compared to the control line at the
same time. Tumor volumes of the control line reached over
1100mm3 in 28 days, whereas tumor volumes of the knock-
down line were less than 400mm3 on the 27th day. The
tumor weights of the knockdown line decreased more than
3-fold compared to those of the control line (Figure 5(e)).

Taken together, our findings revealed the impact of
TPD52L2 on breast cancer patient survival and responses
to radiation and targeted therapies, its association with path-
ological stages and lymph node metastasis, its enriched
expression in BLBCs, and its important roles in maintaining
malignant phenotypes and promoting tumor growth, estab-
lishing TPD52L2 as a novel biomarker in BLBC.

3.5. V6 Was Identified as the Functional TPD52L2 Protein in
BLBC. We compared the amino acid sequences of ten pro-
tein isoforms of TPD52L2. V6 had the same molecular
weight as the endogenous TPD52L2 protein, further sup-
porting our hypothesis. To corroborate and expand the
results, we investigated whether V5 or V6 was required to
rescue the functional loss of TPD52L2 and to maintain the
cancer-related phenotypes. We produced TPD52L2 induc-
ible knockout cells using sgRNA with doxycycline-induced
CAS9 according to CRISPR-Cas9 knockout techniques
(Figure 5(f)). Our attempts to produce stable TPD52L2
knockout cells were not successful, suggesting that the BLBC
cell lines we tested failed to survive without TPD52L2 func-
tion. All experiments were performed with the BLBC cell
line MDA-MB-453 [23].

Table 2: Association between the transcript expression of V6 and
clinicopathological parameters in patients with BLBC.

Clinicopathological
parameters

n
TPD52L2 expression

p valueHigh
(>median)

Low
(<median)

Pathologic_T

T1 22 6 16 0.0099∗

T2 65 35 30

T3 8 7 1

T4 1 1 0

Pathologic_M

M0 94 48 46 1

M1 3 2 1

Pathologic_stage

Stage I 17 3 14 0.0101∗

Stage II 63 35 28

Stage III 13 9 4

Stage IV 2 1 1

Pathologic_N

N0 61 29 32 0.6541

N1 24 13 11

N2 8 5 3

N3 4 3 1

Age: at initial pathological diagnosis; pTNM: pathological tumor-node-
metastasis; pT: pathological tumor; pN: pathological node. The median
expression value was 4.251. ∗The significance of correlations between V6
expression and clinicopathological parameters was calculated by the χ2

test, and Fisher’s exact test was used when the patient number had an
expected count < 5.
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Consistent with the results of MDA-MB-231 stable
knockdown cells, inducible depletion of TPD52L2 caused a
dramatic decrease in MDA-MB-453 cell proliferation and
migration, the levels of which were approximately 25% and
15% of those of the uninduced control line, respectively
(Figures 5(g)–5(i)). V6 markedly increased cell proliferation
in the colony formation assay in TPD52L2 inducible knock-
out cells, which had nearly the same number and size of col-
onies as the control line, and there was an increasing but
nonsignificant trend (Figure 5(g)). V5 exerted an inhibitory
effect on cell proliferation, with an approximately 2-fold
decrease compared to that in the control cells (Figures 5(g)
and 5(h)). Similarly, we observed a significant increase in cell
migration upon expression of V6 in TPD52L2 inducible
knockout cells, and the migration rate was restored to the
same level as that in uninduced control cells (Figure 5(i)).
V5 had no detectable effect on migration (Figure 5(i)).
Therefore, V6 was proven to be the functional isoform of
the TPD52L2 protein that positively regulates the oncogene-
sis phenotypes of BLBC.

3.6. Expression of V6 Is Closely Associated with the
Clinicopathological Parameters of Breast Cancer. Finally, we
analyzed the correlation between the expression of V6 and
the clinicopathological parameters of patients in the BRCA
cohort. As shown in Table 1, elevated V6 expression was
strongly associated with higher pathological metastasis
(pM) stage (n = 928, Fisher’s exact test, p = 0:008415), higher
pT stage (n = 1087, the χ2 test, p < 0:001), and worse patho-
logical stage (n = 1068, Fisher’s exact test, p < 0:001). V6
expression was significantly higher in patients with patho-
logical_M1 stage disease than in patients with pathologi-
cal_M0 stage disease (Mann–Whitney test, p = 0:0039)
(Figure 6(a)). The median expression value of 4.506 in
patients with pathological_M1 stage was significantly higher
than the median expression value of 4.218 in patients with
pathological_M0 stage. V6 expression was slightly lower in
patients with pathological_N0 status than in those with
pathological_N1/2/3 status (Mann–Whitney test, p < 0:05)
(Figure 6(b)). Additionally, patients with high V6 expression
were more likely to develop advanced pathological T stage
disease (Figure 6(c)). Breast cancer patients with pathologi-
cal stage III/IV disease had higher V6 transcript expression
than those with stage I/II (Figure 6(d)). No significant corre-
lation was found between V6 expression and other clinical
parameters, such as age, pathological node status (pN), ER
expression, PR expression, and HER2 expression (Table 1).

More importantly, in BLBC, patients with high V6
expression were more likely to exhibit advanced pathological
stage and worse pT stage disease than those with luminal A,
luminal B, and Her 2-enriched subtypes (Figures 6(c) and
6(d)). V6 was increased in patients with pT3/4 stage disease
compared with those with pT1/2 stage disease (Mann–Whit-
ney test, p = 0:0145) (Figure 6(c), Table 2) and increased in
parallel with pathological stage (stage I vs. stage II and stage
III) (Figure 6(d), Table 2).

Furthermore, V6 was found to be a prognostic indicator
for BRCA patients. Its elevated expression was closely asso-
ciated with poor survival (Figure 6(e)). The overall survival

of BRCA patients who received radiation therapy or targeted
molecular therapy was closely correlated with V6 expression.
Patients in the high V6 group had worse outcomes after
radiation therapy or target molecular therapy than patients
in the low V6 group (Kaplan–Meier survival analysis with
log-rank test, radiation therapy: p = 0:0002; target therapy:
p = 0:046) (Figure 6(f)).

4. Discussion

The well-known characteristics of BLBC include poor differ-
entiation, squamous metaplasia (skin-like differentiation
with or without sebaceous elements), lack of hormone recep-
tor expression, high proliferation capacity, and expression of
basal CKs [24]. More effective treatments and methods for
identifying earlier-stage disease are urgently needed for this
subtype. In the present study, we provided new clinical evi-
dence that TPD52L2 is significantly upregulated in BLBCs
versus non-BLBCs and that its high expression is closely
associated with a poor prognosis in patients with BLBC.
The finding that high TPD52L2 expression is closely related
to advanced pathological stage may imply a relationship
between TPD52L2 and tumorigenesis (Figure 1(f)). Gener-
ally, tumors of higher pathological stages grow and metasta-
size more rapidly than tumors of lower pathological stages.
Therefore, the correlation between TPD52L2 expression
and tumor pathological stage supports our study on the
growth- and metastasis-promoting effects of TPD52L2 in
BLBC cell lines. Furthermore, higher TPD52L2 expression
was significantly predictive of worse clinical outcome in
lymph node-positive patients with BLBC, indicating a
potential relationship between TPD52L2 and malignancies
with lymph node metastasis. A previous study reported that
TPD52 was a radiation response biomarker in several cancer
cell lines [3]. In our study, TPD52L2 gene expression was
also proven to be closely associated with the efficacy and
outcome of radiation therapy, as breast cancer patients with
low TPD52L2 levels had longer survival times after radiation
therapy, as well as target therapy, than those with high
TPD52L2 levels (Figures 3(e) and 3(f)). Since our study
mainly investigated the RNA level of TPD52L2 in patients
with BLBC, a detailed clinical study of patients’ TPD52L2
protein level by IHC staining is required to verify the rela-
tionship between TPD52L2 and tumorigenesis, and further
studies are needed if that is the case. Overall, our clinical
analyses demonstrated for the first time that TPD52L2 is
closely associated with the development and progression of
BLBC and suggests that TPD52L2 is a biomarker for BLBC
patients.

Zhuang et al. showed that TPD52L2 overexpression
inhibited colony formation and cell proliferation in
luminal-type MCF7 cells [23]. Here, we presented new clin-
ical evidence that TPD52L2 had no correlation with the
prognosis of patients with luminal A and luminal B breast
cancers and failed to predict the clinical outcomes of lymph
node-positive patients with luminal subtype breast cancers
(Figures 2(a) and 2(b)). Therefore, based on the positive cor-
relation between TPD52L2 and the clinical parameters of
BLBC, in our study, we examined the effects of TPD52L2

16 Oxidative Medicine and Cellular Longevity



on the tumorigenesis of MDA-MB-231 and MDA-MB-453
cells and tumors derived from these cells. We found that
decreased TPD52L2 expression by knockdown or knockout
significantly inhibited cell growth in vitro and in vivo, and
this inhibitory effect could be mainly attributed to
TPD52L2-mediated positive regulation of cell proliferation.
A currently accepted model for TPD52L2 cellular function
involves its recognition of binding partners, including
TPD52, TPD53, and several Rab GTPases, as well as its
involvement in multiple membrane trafficking pathways:
anterograde traffic, recycling, and Golgi integrity [11]. It is
possible that TPD52L2 promotes BLBC progression partially
due to its important roles in intracellular transport vesicles.
However, the detailed molecular mechanisms in BLBC still
need to be investigated in depth. Most recently, TPD52L2
was reported to be involved in cell migration, as it is a core
protein of intracellular nanovesicles, in which it was proven
to mediate α5β1 integrin trafficking during the migration
process [25]. Consistently, in the present study, we not only
provided clinical evidence that patients with BLBC with high
TPD52L2 levels had a significantly poorer prognosis than
those with low levels but also provided novel experimental
results that depletion of TPD52L2 inhibited cell migration,
while overexpression of V6 reversed this inhibition in BLBC
cells. This finding further supports that TPD52L2 is involved
in the malignant phenotypes of human cancers.

Over the years, increasing evidence has shown that TPD52
family members have many transcript variants due to alterna-
tive splicing [22, 23, 26]. Different transcripts of a gene gener-
ated by alternative splicing are often translated into proteins
with altered domains of composition, thus affecting their bio-
logical functions. The well-known transcription factor
SREBP1, which mainly controls fatty acid synthesis, has two
protein isoforms, SREBP1-a and SREBP1-c. They were gener-
ated from the same gene, srebf1, by posttranscriptional alter-
native splicing [27]. TPD52L2 has at least 10 transcript
variants in human tissues [24]. To date, there is no compelling
evidence about the transcript variant of TPD52L2 that plays
the most important role in BLBC. In the present study, we uti-
lized a two-step process to investigate the functional protein
isoform of TPD52L2 in breast cancer. First, we analyzed the
expression profile of ten transcript variants of tpd52l2 in dif-
ferent cancer types from 33 cohorts of TCGA dataset via hier-
archical clustering and verified two predominantly expressed
transcript variants, V5 and V6, in breast cancer and several
other cancer types (Figure 4(a)). Interestingly, in the present
study, BRCA and SKCM were clustered into one subclade,
proving that the expression profile of tpd52l2 is associated
with the squamousmetaplasia characteristics of BLBCs.More-
over, a previous study proved that BRCA and SKCM have the
most similar RNA expression patterns of all metastasis-
associated genes among 11 cancer types in TCGA dataset
[28]. We can infer that, to some extent, BRCA and SKCM
share similarities in metastasis-related phenotypes and mech-
anisms. Next, we identified cancer-specific transcripts accord-
ing to relative transcript levels between normal and cancer
tissues and corroborated that V6 was the breast cancer-
specific transcript. The specificity of V6 was further confirmed
by comparing the molecular weights and amino acid

sequences of all protein isoforms encoded by the ten transcript
variants of the tpd52l2 gene. Moreover, we overexpressed V5
and V6 in TPD52L2-depleted BLBC cells and excluded the
possibility of V5, which failed to promote cell proliferation
and migration (Figures 5(g) and 5(i)). Accordingly, using the
clinical data from the BRCA cohort, we observed that the V6
transcript was remarkably upregulated in cancer tissues com-
pared with paired adjacent normal tissues, and its high level
was significantly associated with higher pathological T stage
and pathological stage in BLBCs. These data further support
the potential impact of TPD52L2 on cancer-related pheno-
types (Figures 6(a)–6(d)). We also found that V6 expression
could predict the prognosis of patients with SKCM and
patients with MESO receiving radiation therapy or targeted
therapy (data not shown). This result further supported the
close relationship of BRCA and SKCM or MESO in the hier-
archical clustering generated by the transcript expression pro-
file of tpd52l2 and provided solid evidence that V6 plays
oncogenic roles in SKCMandMESO.Most recently, a detailed
bioinformatic analysis revealed the oncogenic role of
TPD52L2 in lung adenocarcinoma and demonstrated that its
high expression is associated with immune infiltration and
tumor immunosuppressive status, further supporting our
results [29].

In summary, our current findings demonstrated that V6 of
TPD52L2 is a novel biomarker for the prediction of clinical out-
comes in BLBCs. V6 promotes cell proliferation and migration
and has a close association with malignant phenotypes in
BLBCs. Due to the association of V6 expression and patient
prognosis after radiation therapy or targeted therapy in SKCM
andMESOdatasets, we recommend that further studies address
whether TPD52L2 plays a similar malignancy-related role in
other cancer types. More importantly, since the coiled-coil
domain has been identified as an effective drug target for several
severe disease treatments [30], our data indicated that TPD52L2
can be used as an effective biomarker and a therapeutic target
for BLBC. Further investigations are required to achieve the
clinical application, relieve patients’ suffering, and overcome
those incurable diseases.
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