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TGFBI is involved in the formation of polyploid cancer cells and 
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Background: Most human solid tumors are aneuploid; at the same time, polyploid cancer cells are found 
to be resistant to radiotherapy and chemotherapy and have a poor prognosis. The transforming growth 
factor beta induction (TGFBI) protein plays important roles in the development of tumors, depending on the 
cancer of origin.
Methods: In this study, we established polyploid clones of breast cancer treated with nocodazole. The drug 
sensitivity was measured by MTT assay. Western blot analysis was used to detect the expression of TGFBI 
protein in polyploid clones. The effects of paclitaxel on apoptosis, cell cycle and DNA ploidy were analyzed 
by flow cytometry. TGFBI protein expression was performed in samples from patients with epithelial ovarian 
tumors by immunohistochemical staining. 
Results: We found that compared with the MDA-MB-231 cell line, the expression of TGFBI in the 
HGF1806 cell line was relatively higher. In addition, compared with its parental cells, TGFBI showed 
relatively low expression in the polyploid breast cancer cell line T-MDA-MB-231. Compared with the empty 
vector, under paclitaxel treatment, the over-expression of TGFBI in MDA-MB-231 and T-MDA-MB-231 
both showed a higher growth inhibition rate. After nocodazole treatment, the over-expression of TGFBI in 
MDF-MB-231 cells proved that the expression of tetraploid cells was lower compared to the control. The 
positive rate of TGFBI expression in ovarian cancer specimens before chemotherapy was 33.3% (5/15), which 
was higher than the positive rate of TGFBI expression in ovarian cancer specimens matched with relapsed 
specimens after treatment (0%, 0/15).
Conclusions: TGFBI can increase the sensitivity of paclitaxel in polyploid cancer cells and participate in 
the formation of polyploidy in MDA-MB-231 induced by nocodazole. This newly recognized role of TGFBI 
provides further insight into the pathogenesis of polyploid cancer and identifies potential new therapeutic 
targets.
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Introduction

Chemotherapy plays an important role in the treatment 
of cancer. Paclitaxel, a spindle poison, has been widely 
used as an effective chemotherapy agent for the treatment 
of solid tumors, such as ovarian and breast cancer. The 
adverse reactions of paclitaxel are mainly manifested in 
several aspects such as allergic reaction, cardiotoxicity, bone 
marrow suppression. Under the premise of controlling 
the administration time, the adverse reactions can be 
minimized. Despite initial chemosensitivity, the majority 
of cancer patients will eventually relapse and die due to 
resistance. The key factors affecting the effectiveness of 
chemotherapy antagonism and recurrence are including 
the burden of tumor cells, tumor growth rate, blood vessel 
supply, cell division method. High, medium and low doses 
of paclitaxel have no significant effect on the transcription 
and protein synthesis of smooth muscle cell proto-
oncogenes c-fos and c-jun. The development of a cell-
based pathway modulator screening system to screen drug 
candidates for paclitaxel-like cancer therapeutic activity is a 
valuable resource.

Our previous study found that different breast cancer 
cell lines react differently to the spindle poison, nocodazole, 
with some experiencing apoptosis and others forming 
polyploidy(tetra-/octopolyploidy) with the prolonged 
exposing time. It is well known that polyploid cancer cells 
are frequently observed in premalignant and malignant 
cells. Accumulating evidence indicates that polyploid cancer 
cells are resistant to radiotherapy and chemotherapy (1). 
The existence of polyploid cell subclones in human tumors 
and the subsequent formation of polyploid tumors are 
associated with poor prognosis (2). 

In one study, a nocodazole-induced stable polyploidy 
breast cancer cell line T-MDA-MB-231 was established 
which showed acquired resistance to most chemotherapy 
drugs currently used in clinic, as compared with the parental 
breast cancer cell line, MDA-MB-231 (3). This indicated 
that the formation of polyploid cell induced by spindle 
poison may be associated with chemotherapy resistance. 

TGFBI protein is a transforming growth factor beta 
(TGF-β) inducible secreted extracellular matrix (ECM) 
protein, which is also known as βig-H3, and is derived from 
its cloning in the lung adenocarcinoma cell line A549 (4). 
Secreted protein acidic and rich in cysteine (SPARC) can 
reduce the deposition of TGFBI in mesothelial-derived 
ECM without affecting its overall protein expression 

or secretion in ovarian cancer. TGFBI is believed to be 
related to tumor suppression and tumor promotion, 
depending on the origin of the cancer (5). Specifically, it 
has been demonstrated that TGFBI is under-expressed 
in breast, ovarian, and lung cancers (6,7), and over-
expressed in renal clear cell carcinoma, colorectal cancer, 
and pancreatic cancer (8-10). Moreover, the loss of 
TGFBI expression is linked to centrosome duplication and 
chromosomal instability (CIN), both which are associated 
with carcinogenesis and drug-resistant phenotypes (11-13). 
TGFBI can preferentially interacts through a ß3 integrin 
receptor mediated mechanism to regulate the response of 
cells to paclitaxel-induced cell death. Here, we found for the 
first time that TGFBI had a relatively higher expression in 
T-MDA-MB-231 than in MDA-MB-231, and that TGFBI 
was involved in paclitaxel resistance in polyploid cancer 
cell. Is TGFBI really related to the formation of polyploidy? 
What role does it play in the formation of polyploidy? Is 
it related to paclitaxel resistance? The answers to these 
questions are still unclear. In our study, we established 
polyploid monoclonal cells and then carried out exploratory 
research from the level of cytology and patient histology. 
We found TGFBI can increase the sensitivity of paclitaxel 
in polyploid cancer cells and participate in the formation of 
polyploidy in MDA-MB-231 induced by nocodazole. This 
newly recognized role of TGFBI provides further insight 
into the pathogenesis of polyploid cancer and identifies 
potential new therapeutic targets.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1698).

Methods

Cell lines, reagents, cell culture, and plasmid transfection

Human breast cancer cell lines, MDA-MB-231 and 
HCC-1806, were propagated in RPMI 1640 medium 
supplemented with 10% fetal bovine serum in a 5% CO2 
incubator at 37 ℃. A plasmid-expressing TGFBI and a 
negative control were obtained from OriGene (Rockville, 
USA). The cells were seeded in a 6-well plate at 2×105/
well and allowed to attach for at least 16 hours. The 
vector expressing TGFBI and the empty vector (4 μg) were 
transfected with Lipofectamine 2000 (Invitrogen, Grand 
Island, NY, USA) at a final concentration of 20 nM. The 
protein was collected 48 hours after transfection.

http://dx.doi.org/10.21037/atm-21-1698
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Establishment and characterization of a polyploidy breast 
cancer cell line 

MDA-MB-231 cells in the exponential phase were 
treated with nocodazole (100 ng/mL) for 24, 48, and  
72 hours. Cells were collected, and the cycle distribution 
was measured by flow cytometry using an FACScan flow 
cytometer (BD Biosciences, Franklin Lakes, NJ, USA).Cells 
were dyed with Hoechst 33342, and flow cytometry was 
used to sort out the polyploidy cells. To generate polyploid 
clones, the T-MDA-MB-231 cell was sorted in the same 
fashion and was then subcloned by limiting dilution into 
T-MDA-MB-231 polyploidy clones.

In vitro drug sensitivity assay

Drug sensitivity was measured by MTT assay. Twenty-
four hours after being transfected with TGFBI-expressing 
plasmid or empty vector, the cells were seeded into a 96-
well plate (1×103 cells/well) and treated with paclitaxel 
titration at 37 ℃ in a 5% CO2 humidified atmosphere 
for 72 hours. After incubation, 20 μL of MTT (Sigma 
Chemical, St. Louis, MO) was added to each well, and 
the plate was incubated for 4 hours, and then 200 μL 
of dimethyl sulfoxide (DMSO) was added to measure  
546 nm in spectrophotometry. The cell survival score 
was then calculated. Cell viability was also calculated by 
normalizing the absorbance to that of the untreated control.

Western blot analysis

The primary antibody for β-actin was obtained from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). TGFBI 
antibody was purchased from Abcam (Cambridge, UK). 
Western blotting was performed by loading the whole cell 
lysate (30 μg) of each sample on a 10% polyacrylamide gel 
for electrophoresis. The membrane was blocked in 5% 
skimmed milk in 1x Tris buffered saline solution (pH 7.4) 
containing 0.05% Tween-20 and used at a concentration 
of 1:1,000 (for TGFBI) or 1:2,000 (for β-actin). The 
concentration of the secondary antibody was 1:10,000 to 
1:20,000. Pierce Chemical (Rockford, IL, USA)’s Super 
Signal West Pico or SuperSignal Femto Chemiluminescent 
Substrate was used to visualize proteins.

Annexin-V-FITC/PI apoptosis assay

The cells were labeled with Annexin-V-FITC/PI and 

analyzed by flow cytometry to detect the effect of paclitaxel 
apoptosis on the degree of apoptosis of MDA-MB-231 or 
T-MDA-MB-231 cells. After transfection of TGFBI plasmid 
or empty vector, MDA-MB-231 or T-MDA-MB-231 cells 
were exposed to 3.125 μM of paclitaxel for 24 or 48 hours, 
and floating cells and adherent cells were combined and 
collected. Annexin-V-FITC/PI was dyed according to the 
manufacturer’s instructions (B&D Systems) (R&D Systems, 
Minneapolis, MN).

Cell cycle and DNA ploidy analysis by flow cytometry

Forty-eight hours after transfection, the cells were 
collected, washed with phosphate buffered saline (PBS), 
and fixed in 4% 70% ethanol overnight 70% ethanol at  
4 ℃ overnight. After fixation, the cells were washed twice 
with PBS and then resuspended in propidium iodide/RNase 
A solution (5 μg/mL propidium iodide and 100 mg/mL  
RNase A). The cells were incubated with propidium 
iodide in the dark for 1 hour at room temperature. Using 
the FACScan flow cytometer (BD Biosciences), the light 
scattering characteristics and DNA content of the stained 
cells were analyzed by the flow cytometer. The main cell 
cycle subphases, G0/1, S, G2/M, and DNA, were identified 
by direct quantitative measurement of DNA by a flow 
cytometer based on the fluorescent dye PI staining of the 
DNA. The integrated fluorescence peak value of the G0/1 
population of untreated MDA-MB-231 cells was considered 
to be DI =1.0, and the DNA ploidy of the treated cells is 
expressed as the ratio of the peak fluorescence intensity of 
these cells to the cell apoptosis of untreated G0/1 cells. The 
peak value of integrated fluorescence of G0/1 population 
of untreated MDA-MB-231 cells is being considered to  
DI =1.0 and DNA ploidy of treated cells is expressed as a 
ratio of a peak value of fluorescence intensity of these cell 
with respect to that of the untreated G0/1 cells.

Immunohistochemical staining

Immunohistochemical staining was performed on 15 pairs 
of patient samples with epithelial ovarian tumor, which 
were assembled in our department. All patients accepted 
7–11 cycles (median 8 cycles) of combined chemotherapy 
(including paclitaxel). The progression-free survival of all 
patients was shorter than 6 months. The median overall 
survival was 38.4 (range, 9–65) months. Rabbit anti-
human polyclonal antibody against TGFBI (1:500, Abcam), 
EnVision+ System-HRP rabbit (Dako, Carpinteria, CA, 
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USA) was used. TGFBI-positive cells were defined as cells 
stained brown in the cytoplasm (primary) nucleus. Two 
independent, blinded observers evaluated the results of 
staining in all of the study samples. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Tianjin 
Medical University Ethics Committee gave approval for the 
experiments performed in this study, and informed consent 
was taken from all the patients.

Statistical analysis

Data are expressed as the mean ± standard deviation (SD) of 
three independent experiments. Fisher’s exact test was used 
to analyze the difference of TGFBI expression in clinical 
samples. All other analyses were performed using GraphPad 

Prism version 6 software for Windows, and a P value <0.05 
was considered statistically significant.

Results

TGFBI expression levels were different in HCC1806, 
MDA-MB-231, and T-MDA-MB-231 cells (Figure 1)

In our previous study, we found that HCC1806 and MDA-
MB-231 cells reacted quite differently to spindle poison, 
nocodazole (Figure 1B). HCC1806 underwent apoptosis, 
while MDA-MB-231 formed polyploidy with prolonged 
exposure time (Figure 1D). The level of TGFBI was 
examined in these two cell lines. The result showed that 
TGBFI was relatively more highly expressed inHCC1806 
compared to MDA-MB-231 (Figure 1A). Furthermore, 
we compared the expression level of TGFBI in T-MDA-

Figure 1 TGFBI expression levels differed across HCC-1806, MDA-MB-231 andT-MDA-MB-231 cells. (A)Western blot results 
showing that TGFBI had a relatively lower expression in MDA-MB-231 cells than in HCC-1806 cells; (B) after 48 hours of nocodazole 
(100 ng/mL) treatment, the cell cycle distribution of MDA-MB-231 and HCC1806 was detected by flow cytometry; (C) the polyploidy 
breast cancer T-MDA-MB-231 cell line expressed relatively lower levels of TGFBI compared to its parent MDA-MB-231 cell line; (D) 
immunofluorescence images of MDA-MB-231 and T-MDA-MB-231 cells. Scale bar =100 μm.
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MB-231 to its parent MDA-MB-231. As expected, 
polyploidyT-MDA-MB-231 expressed a relatively lower 
TGFBI level (Figure 1C). Taken together, these results 
indicated that TGFBI may be associated with the formation 
of polyploidy.

TGFBI sensitized polyploid cell line T-MDA-MB-231 to 
paclitaxel

In our previous study, we found that T-MDA-MB-231 
showed relative resistance to most commonly used 
chemotherapy drugs, including paclitaxel. As T-MDA-
MB-231 has a relatively lower expression of TGFBI than 
does MDA-MB-231, we over-expressed TGFBI using a 
TGFBI plasmid vector in T-MDA-MB-231 and evaluated 
its response to paclitaxel using an MTT assay. As expected, 
over-expression of TGFBI demonstrated a higher growth 
inhibition rate compared with the empty vector (P<0.05) 
(Figure 2). Thus, T-MDA-MB-231 cells transfected with 
TGFBI were more sensitive to paclitaxel than the control.

TGFBI sensitized MDA-MB-231 to paclitaxel and was 
involved in nocodazole-induced polyploidy formation of 
MDA-MB-231

Compared with HCC-1806, which demonstrated apoptosis 
to nocodazole treatment, MDA-MB-231 expressed a 
relatively lower TGFBI level and formed polyploidy with 
longer exposure to nocodazole. The result of the MTT 
assay showed that over-expression of TGFBI could sensitize 
MDA-MB-231 to paclitaxel (Figure 3). To determine 

the difference in apoptosis proportion, 24 hours after 
transfection of TGFBI or empty vector, MDA-MB-231 
cells were treated with 3.125 μM of paclitaxel for 24 and 
48 hours, and the level of apoptosis was measured using 
Annexin V/PI staining. Consistent with the result of MTT, 
flow cytometry results showed that over-expression of 
TGFBI induced a higher apoptosis rate than did the control 
(P<0.05, 48 hours after treatment with paclitaxel) in MDA-
MB-231 cells (Figure 3).

Because paclitaxel could induce G2/M arrest, we 
examined the cell cycle distribution of MDA-MB-231 cells 
over-expressing TGFBI after treatment with paclitaxel. 
MDA-MB-231cells transfected with TGFBI vector 
displayed a greater percentage of cells in G2/M phase 
than did their counterparts transfected with empty vector  
24 hours after treatment with 12.5 μM of paclitaxel (Figure 4). 
This result suggested that this increased sensitivity effect of 
TGFBI is at least partly due to a G2/M phase arrest.

Next, we examined the influence of TGFBI on polyploidy 
formation. As shown in Figure 5, 48 hours after 100 ng/mL  
of nocodazole treatment, over-expression of TGFBI 
demonstrated relatively lower tetrapolyploid cells (12.08%) 
than did controls (25.08%) in MDA-MB-231 cells (P<0.05). 

A low level of TGFBI was common in recurrent resistant 
ovarian cancer samples

In order to determine whether loss of TGFBI correlates 
with polyploidy tumor and chemotherapy resistance, 
we retrospectively analyzed TGFBI protein expression 
and DNA polyploidy in a series of 15 pairs of advanced 

Figure 2 TGFBI sensitized polyploid cell line T-MDA-MB-231 to paclitaxel and nocodazole. T-MDA-MB-231 cells were transfected with  
4 μg of TGFBI-expressing vector or empty vector. After 24 hours, cells were reseeded for paclitaxel (*, P<0.05) (B) sensitivity assay, 100 ng/mL  
of nocodazole (*, P<0.05) (C) inhibition assay, or harvested for western blot analysis (A). Generated curves and histograms from three 
independent experiments.
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Figure 3 Transfection of TGFBI sensitized MDA-MB-231 to paclitaxel. (A) MDA-MB-231 cells were transfected with a vector expressing 
4 μg of TGFBI or an empty vector. After 24 hours, cells were reseeded for paclitaxel sensitivity assay (48 hours); (B) TGFBI significantly 
increased the apoptosis rate of MDA-MB-231 cells after treatment with 3.125 μM of paclitaxel (*, P<0.05). Annexin V assay results a shown. 
Three independent experiments were performed.

Figure 4 TGFBI enhanced the G2/M phase arrest induced by paclitaxel in MDA-MB-231 cells. (A) Western blot analysis of TGFBI 
expression in MDA-MB-231 cell 48hours after transfection of TGFBI vector or empty vector; (B) measurements of the cell cycle distribution 
of MDA-MB-231 cells after transfection with TGFBI or empty vector for 48 hours and treatment with 12.5 μM paclitaxel for 24 hours. *, 
P<0.05; (C) representative images of flow cytometry for untreated cells and those treated with paclitaxel after transfection with TGFBI or 
empty vector. 
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Figure 5 TGFBI decreased the polyploidy rate of MDA-MB-231 induced by nocodazole. Transfected MDA-MB-231 cells with a vector 
expressing 4 μg of TGFBI or an empty vector. After 24 hours, cells were treated with 100 ng/mL of nocodazole for 24 or 48 hours. The 
DNA ploidy state was analyzed using flow cytometry. Representative images of flow cytometry (A) and results of the polyploidy cell rate (B) 
are shown (*, P<0.05). Three independent experiments were performed.

stage resistant ovarian cancer samples including initial 
(pre-chemotherapy) and matching recurrent (post-
chemotherapy) samples by immunohistochemistry and 
fluorescence in situ hybridization (FISH), respectively. 
The positive rate of TGFBI expression in samples before 
chemotherapy was 33.3% (5/15), which was higher than 
that of post-treatment and recurrent samples (0/15, 
Figure 6). Moreover, the amplified chromosome number 
significantly increased after recurrence compared to pre-
chemotherapy (pending our published data).

Discussion

Most human solid tumors are aneuploid. The results 
of karyotype analysis of cancer cell lines show that the 
difference in the number of chromosomes from subdiploid 
to supertetraploid is very wide (2). In addition, direct 
evidence of progression from transient 4N state (polyploidy) 
to aneuploidy has also been found in certain tumor 
types. Polyploid cancer cells are found to be resistant to 
radiotherapy and chemotherapy and to be related to poor 
prognosis.

Usually, mammalian somatic cells have complicated 
control mechanisms to prevent the occurrence of aneuploidy. 
Thus far, three different causes of tetraploidization in 
cancer have been proposed: cell fusion; cytokinesis failure; 
and endogenous duplication, including (endocycling and 
endomitosis forms).

The so-called spindle poisons, such as nocodazole, can 

induce polyploidy and aneuploidy through interfering 
with the formation of the spindle. Continuous exposure 
to nocodazole can cause a significant decrease in the 
depolymerization reaction of microtubules. In the presence 
of spindle defects, cells can exit mitosis and enter the next 
intermediate phase without chromatid separation, which 
is called mitotic slippage. Polyploidy is speculated to allow 
tumor cells to maintain a higher incidence of mutations, 
thereby increasing the possibility of adaptive changes.

TGFBI is secreted into the ECM as an attachment 
protein, and mainly plays a role in cell adhesion, migration, 
proliferation, apoptosis, and angiogenesis. Recently, it has 
been discovered that the TGFBI gene is often associated 
with the development of cancer. Depending on the tissue 
type and tumor microenvironment, the TGFBI protein may 
act in a variety of ways. The TGFBI gene is the downstream 
target of transforming growth factor β (TGF-β). It exerts a 
tumor-suppressing effect in early tumorigenesis and acts as 
a tumor promoter in the later stage of tumor progression. 
This stage-specific dual-function role of TGFBI in cancer 
represents an emerging paradigm, and the underlying 
mechanism is not well understood. Recent findings indicate 
that TGFBI induces microtubule stabilization through 
integrin-mediated signaling pathways, thereby making 
ovarian cancer cells sensitive to paclitaxel, while the loss 
of TGFBI induces drug resistance and mitotic spindle 
abnormalities in ovarian cancer cells (13).

In our study, compared with parent MDA-MB-231 
cells, polyploidy T-MDA-MB-231 cells expressed a 
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relatively lower level of TGFBI. Our MTT analysis 
showed that the cell inhibition rate of T-MDA-MB-231 
cells was significantly increased after transfection of 
TGFBI  compared to the controls, which suggested 
that the sensitivity of chemotherapy to paclitaxel was 
enhanced. To our knowledge, this is the first evidence 
that TGFBI is associated with paclitaxel chemoresistance 
in polyploid cancer cells. Furthermore, we examined 
the formation of polyploidy after transfection of TGFBI 
induced by nocodazole. Results indicated that the rate 
of polyploidy cells decreased compared with controls in 
MDA-MB-231 cells when TGFBI was over-expressed. 
This result demonstrates that TGFBI, at the minimum, has 
a relationship with the formation of polyploidy induced 
by nocodazole. Recent literature has reported that loss of 
TGFBI expression is related to centrosome duplication 
and chromosomal instability, which implies a possible 
relationship between TGFBI and polyploidy. However, the 
potential mechanism remains to be elucidated.

Consistent with the results of in vitro experiments, 
TGFBI protein level in recurrent resistant ovarian cancer 
tissues was lower than that in matching primary tissues. 
In post-chemotherapy samples, the rate of polyploid state 
increased compared with that of the matching primary 
samples (pending our published data), which suggests that 
TGFBI is down-regulated in the process of formation of 
polyploidy, with polyploid tumors becoming concurrently 
resistant. Taken together, our findings provide evidence 

for the potential role of TGFBI in chemoresistance and 
formation of polyploidy.

Conclusions

TGFBI is related to paclitaxel response in polyploid cancer 
cells and to the formation of polyploid; it may thus have 
potential as a treatment tool for paclitaxel-resistant cancers.
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