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Abstract 
TXNIP plays an important role in inhibiting the occurrence and development of tumors. 
Known as a serine/threonine protein kinase, GSK3β was recognized to regulate various 
tumor-related biological processes. However, the regulatory relationship between 
GSK3β and TXNIP has not been reported. In this study, bioinformatic analysis showed 
that both the expression of TXNIP or GSK3β is positively correlated with overall survival 
of lung cancer patients. In lung adenocarcinoma cells, the expression of TXNIP was 
decreased compared to the human bronchial epithelioid cells. Subsequently, we found 
that the expression of TXNIP was up-regulated when GSK3β was overexpressed, and 
down-regulated by the knockdown of GSK3β in lung adenocarcinoma cells. Taken 
together, our data showed that the expression of TXNIP was positively related with the 
expression of GSK3β, hinting a hypothesis in which GSK3β might be involved in the 
development of lung adenocarcinoma through regulation of TXNIP expression. 
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1. Introduction 

Lung cancer is one of the cancers presenting the most mortality in the world[1]. Studies showed that 
lung cancer had a poor prognosis and the 5-year survival rate was approximately 17.8% due to its 
high metastatic feature[1, 2]. According to the biological feature, the lung cancer was divided into 
small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC)[3]. NSCLC is the most 
common type of lung cancer, accounting for 85% of all[3, 4]. Understanding of the pathological 
mechanism of lung adenocarcinoma would provide new clues for the treatment of lung 
adenocarcinoma patients. 

Thioredoxin interacting protein (TXNIP) is pro-apoptotic protein, known as TBP-2 and VDUP-1[5-
7]. TXNIP pocesses two typical domains: SH3 and PPXY through which it interacts with other 
proteins[8]. TXNIP has been reported to play important roles in different biological processes. It 
could regulate mitochondrial function, apoptosis, tumor growth and metastasis, and promote the 
transduction of inflammatory signaling[9, 10]. In relation to the apoptosis, Li et al. identified that 
overexpressing TXNIP upregulated apoptosis in diabetic retinopathy under high glucose condition 
that the bcl-2 protein level decreased while bax and cleaved caspase-3 rose [11]. Besides, several 
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researches revealed that TXNIP induced apoptosis in pancreatic β-cells[12, 13]. Moreover it was 
suggested that overexpression of TXNIP enhanced apoptosis in acute myeloid leukemia cells[14]. 
Recent research revealed that ceramide treatment resulted in the upregulation of TXNIP and in the 
reduction of TRX1 activities to induce apoptosis in lung adenocarcinoma cell A549[15]. 

GSK3β was a highly conserved serine/threonine protein kinase during evolution, which originally 
isolated and purified as a glycogen synthase[16].Following studies have shown that GSK3β was a 
multifunctional kinase involved in a myriad of cellular processes and functions. Mainly known as 
tumor suppressor, GSK-3β phosphorylated pro-oncogenic proteins, such as C-jun and C-myc, to 
trigger their degradation[17]. Furthermore, some researches have shown that GSK3β contributed to 
proapoptotic-signaling activity. Bijur et al.revealed that GSK3β enhanced staurosporine and heat 
shock-induced apoptosis in human neuroblastoma cells, while the inhibition of GSK3β by lithium 
attenuated the activation of caspase-3 [18].Besides, GSK-3β was involved in regulating MPP-induced 
apoptosis. Conversely, the GSK-3β inhibitor lithium attenuated MPP-induced caspase-3 
activation[19]. In C3H10T1/2 cells, etoposide-induced apoptosis was promoted by GSK3β, which 
led to caspase-3 activation via decreasing Bcl-2 expression[20].Owing to the versatile functions of 
GSK3β and its involvement in the apoptosis of cancer cells, together with the proapoptotic role of 
TXNIP in cancers, we searched for a possible relationship between these two proteins in lung 
adenocarcinoma cells. 

In this study, we explored the relationship between GSK3β protein kinase and TXNIP in two lung 
adenocarcinoma cell lines. Further studies based on our results may lead to a better understanding of 
the physiopathology of lung adenocarcinoma.  

2. Material 

2.1 Cell Culture 

The lung adenocarcinoma cells A549 and H1299 were bought from Shanghai Academy of Sciences 
(China) and kept in our laboratory. They were grown to confluence in Gibco ' s DMEM medium plus 
10% fetal serum (FBS) at 37℃, 5% CO2 incubator. 

2.2 Synthesis of shRNA Fragments 

The shRNA fragments used in the present research were downloaded from the website of sigma 
(https://www.sigmaaldrich.com/hong-kong.html). The complementary sequences were designed 
with snap gene software. Enzyme loci was added to the both ends of sequences. Corresponding 
shRNA oligonucleotides were synthesized by Tsingke Biotechnology Co. LTD. The specific 
fragment sequences are shown in the following table: 

 

Table 1. the specific fragment sequences of GSK3β 
shGSK3

β F 

CCGGCCCAAACTACACAGAATTTAACTCGAGTTAAATTCTGTGTAGTTTGGGTTTTT

G 

shGSK3

β R 

AATTCAAAAACCCAAACTACACAGAATTTAACTCGAGTTAAATTCTGTGTAGTTTG

GG 

2.3 Reagents 

DMEM medium (Gibco), DH5α (Tsingke Biotechnology Co. LTD), Trypsin 1:250 powder (Biofroxx, 
Germany), Opti-mem serum-free medium (Invitrogen, USA), Lipofectamine 2000 Transfection 
Reagent (Invitrogen, USA), VigoFect (Vigorous Biotechnology, Beijing), MP Dimethyl sulfoxide 
(MP Biomedicals, USA), Cell culture plate (Guangzhou Jiete Biological anxiety Co., LTD), Fetal 
bovine Serum (Wuhan Punosai Life Technology Co., LTD), Protease inhibitor (Kang Wei Century 
Co., LTD), Skim milk powder (Biofroxx,Germany), PVDF membrane (Bio-rad, USA), ECL 
luminescent solution (EMD Millipore, Burlington, USA), GAPDH antibody (Proteintech, China), 
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TXNIP antibody (Proteintech, China), β-tubulin antibody (Proteintech, China), GSK3β (Cell 
Signaling Technology, USA). 

3. Experimental Methods 

3.1 Cell Sub-culture 

Cells should be sub-cultured when they were overgrown in 80%~90% density. Firstly, the old culture 
medium in the dish was discarded and 1mL phosphate buffer (1xPBS) was added to wash the cells 
gently for removing culture medium containing 10% FBS completely. Next, 0.5mL trypsin (0.25%) 
was added for digestion. After 2-3 minutes, 1mL DMEM medium containing 10%FBS was added to 
stop digestion and slowly blow off the cells when the cells started to become round. Then please 
transfer the mix into a 1.5mL centrifuge tube, 220 g, centrifuge for 3 min for rotation. And then 
discarded the cell supernatant, added 1 mL DMEM medium containing 10%FBS to suspend the cells, 
transferred them to a new petri dish according to the required number of cells, and put them in 37°C,5% 
CO2 incubation. 

3.2 Establishment of Stable Cell Lines 

Step1: 293T cells must be spread in a 6 cm cell culture dish in advance, so that the density of adherent 
cells is 60% for transfection. Step2: The plasmid was transfected into 293T cells by lipo2000, and the 
ratio between the target plasmid and the helper plasmids psPAX2 and pMD2.G was 4:3:2, and the 
total amount of plasmid was 4μg. After transfection, the cells were cultured with 2 ml DMEM 
medium containing 10% FBS for 48 hours, until the 293T cells released the virus fluid. At the same 
time, inoculating the wild-type cell line (A549 and H1299) on a 6-well plate in advance, so that the 
density of adherent cells is about 30% for infection. Step3: After 48 hours, the virus solution released 
by 293T cells was collected and centrifuged at 220 g for 3 min, and then filtered the virus solution 
with a 0.45 μm filter. Step4: 1 mL virus solution and 1 mL DMEM medium were added to the wide 
cells, making target cells infected by virus for 48 h. Step5: After 48 hours, 2 mL DMEM medium and 
4μl puromycin (1μg/μL) were to make the final concentration to 2μg/mL. Step5: Observing the death 
of cells every day, and the medium and puromycin should be changed until all the wild-type cells 
were dead. Step6: Western blot or qRT-PCR were applied to test the overexpression and knockdown 
of the target protein. 

3.3 Cell Lysis 

Firstly, the protein inhibitor, 1mM protease inhibitor, 1mM PMSF, 1mM Na3VO4, 10mM NaF were 
added to the EBC lysing solution, and mix them well on ice. Secondly, the cells were washed twice 
with PBS after the old medium was aspirated. Next, an appropriate amount of EBC lysis buffer was 
added and the cells were lysed on ice for 30 min. Then the lysate was collected in a 1.5mL EP tube, 
centrifuged for 30 min at 4°C, 12000 rpm. Finally, the supernatant was transfer into a new 1.5mL EP 
tube, which is the whole cell lysate. 

3.4 Western Blot 

The protein concentration in the cell lysate determined by the BCA method. Protein (40μg) was made 
with 5xSDS and separated by SDS-PAGE using 10% acrylamide gels. And then the proteins were 
transferred onto PVDF membranes. The PVDF membranes were blocked with 5% milk for 1.5 or 2 
hours at room temperature. The protein was incubated at 4℃ overnight with anti-TXNIP antibody 
(1:2000 dilution), anti-GSK3β antibody (1:2000 dilution), anti-GAPDH antibody (1:2000 dilution), 
anti-β-tubulin antibody(1:3000 dilution) and then incubated at room temperature for 2 hours with 
secondary HRP-goat anti-rabbit antibodies (1 : 4000 dilution). The proteins were detected using the 
ECL illumination. 

3.5 Statistical Analysis 

All data were shown as mean±SD, and GraphPad Prism7.0 was used for analysis. Statistical analyses 
were calculated using Student’s t-test and the statistical significance was defined as p < 0.05. 
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4. Results 

4.1 Analysis the Expression of TXNIP and GSK3β by the Human Protein ATLAS Platform 

We first analyzed the expression changes of TXNIP among various cancers including lung cancer 
through the platform of The Human Protein ATLAS (https://www.proteinatlas.org/). As shown in 
Figure 1A, TXNIP was expressed in a variety of tumors with its FPKM between 23.6 and 396.6. In 
lung cancer, its FPKM value was from 65.5 to 207.9. Based on TCGA data, we could find TXNIP 
was down-expressed in primary tumor compared with normal samples in LUAD and LUSC (Figure 
1B, C). Furthermore, we also found that GSK3β was expressed in a variety of tumors with its FPKM 
between 3.3 and 14.2. In lung cancer, its FPKM value is from 6.9 to 13 (Figure 1D). In LUAD, the 
expression of GSK3β is lower than normal too. (Figure 1E). 

 

 
A 

 
B 
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Figure 1. The expression of TXNIP and GSK3β analyzed using ATLAS. 

A: The expression of TXNIP in various cancers analyzed using ATLAS data. B: The expression of 
TXNIP in LUAD based TCGA samples. C: The expression of TXNIP in LUSC based TCGA 
samples. D: The expression of GSK3β in various cancers analyzed using ATLAS data. E: The 

expression of GSK3β in LUAD based TCGA samples. 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0073

 

573 

4.2 Low Expression of TXNIP or GSK3β is Associated with Poor Prognosis in Lung Cancer 
Patients 

Kaplan Meier (KM) plots were used to further explore the correlation of TXNIP with the clinical 
outcomes of lung cancer patients. The data displayed that the overall survival of lung cancer patients 
with high TXNIP expression was prolonged significantly (Figure 2A). As shown in Figure 2B, the 
poor overall survival of lung cancer patients was related with low GSK3β expression. Therefore, it is 
possible that TXNIP and GSK3β might have a crucial inhibitory role in lung cancer progress.  

 

 
A 

 
B 

Figure 2. Kaplan Meier plotter analyzed the clinical outcome relevance of TXNIP and GSK3β with 
overall survival of lung cancer patients. 

A: Kaplan Meier plotter analyzed the clinical outcome relevance of TXNIP with overall survival of 
lung cancer patients. B: Kaplan Meier plotter analyzed the clinical outcome relevance of GSK3β 

with overall survival of lung cancer patients. 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0073

 

574 

4.3 TXNIP Expression was Significantly Reduced in Lung Adenocarcinoma Cells 

The role of TXNIP as a tumor suppressor was mainly manifested in that its expression was 
significantly reduced in various types of human tumors. Here, western blot assay was used to detect 
the expression of TXNIP in lung adenocarcinoma cells A549, H1299 and 95D. As shown in Figure 
3, TXNIP was down-regulated in A549, H1299 and 95D cells compared to the human bronchial 
epithelioid HBE cells. Thus, the expression of TXNIP was lowered in lung adenocarcinoma cells.  

 

 
Figure 3. The expression of TXNIP in lung adenocarcinoma cells was analyzed by western blot 

assay. 

4.4 The Expression of TXNIP was Upregulated by GSK3β in A549 Cells 

 
A 

 
B 

Figure 4. Western blot assay analyzing the expression of TXNIP in OE-GSK3β A549 cells. A: 
Western blot assay analyzed the expression of TXNIP in OE-GSK3β A549 cells. B: Quantitative 

analysis of Figure 4A. 

 

GSK3 was recognized as a highly conserved multifunctional serine/threonine protein kinase. So far, 
there were more than one hundred of GSK3β substrate proteins have been identified, which could be 
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divided into three categories according to their biological properties: signaling proteins, transcription 
factors and regulatory enzymes, which were mainly involved in cell metabolism, cell cycle, 
proliferation, and metastasis and the process of the immune response. TXNIP was down-expressed 
in various cancers and played a role as a proapoptotic factor in various tumors, indicating its 
potentiality as an important drug target for tumor treatment. In this study, we tried to reveal the 
relationship between the TXNIP and GSK3β. As shown in Figure 4, the expression of TXNIP was 
up-regulated when GSK3β was over-expressed. This indicated that GSK3β is an upstream regulator 
for TXNIP. Figure 4B is a quantitative analysis of Figure 4A. 

4.5 The Expression of TXNIP was Upregulated by OE-GSK3β in H1299 Cells 

Western blot assay was used to examine the expression of TXNIP in H1299 cells. Consistent with 
the results in A549 cells, the expression of TXNIP was also increased in H1299 cells after GSK3β 
was stably overexpressed (Figure 5). 

 

 
Figure 5. Western blot assay analyzing the expression of TXNIP in H1299 cells with OE-GSK3β 

4.6 The Expression of TXNIP was Down-regulated by sh-GSK3β in A549. 

In order to further prove that GSK3β positively regulates TXNIP, we established a A549 cell line that 
GSK3β was stably knocked down. Western blot technology was applied to detect the knockdown 
effect of GSK3β. The result found that when GSK3β was knocked down in A549 cells, the expression 
of TXNIP decreased strikingly (Figure 6A). Figure 5B is a quantitative analysis of Figure 5A. 

 

 
A 
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B 

Figure 6. Western blot assay analyzing the expression of TXNIP in A549 cells with Sh-GSK3β 

4.7 The Expression of TXNIP was Down-regulated by sh-GSK3β in H1299 Cells 

Consistent with the results in A549 cells, the expression of TXNIP was down-regulated when the 
GSK3β was knocked down in A549 cells stably knocking down GSK3β (Figure 7). Taken together, 
the expression of TXNIP was indeed positively correlated the protein expression of GSK3β. 

 

 
Figure 7. Western blot assay analyzing the expression of TXNIP in H1299 cells with Sh-GSK3β 

5. Discussion 

In this study, we have demonstrated a correlation between the expression level GSK3β and that of 
TXNIP. As the western blot shown, the GSK3β positively regulated the expression of TXNIP. When 
GSK3β was overexpressed, the expression of TXNIP was increased. On the contrary, the expression 
of TXNIP was down-regulated when GSK3β was knocked down. How could GSK3β regulate the 
expression level of TXNIP protein? Several hypotheses could be taken into consideration. Firstly, 
GSK3β could regulate TXNIP expression by direct modulation of its transcription, as GSK3β has 
been shown to be able to regulate several transcription factors in the past. Alternatively, GSK3β could 
also be involved in the degradation of TXNIP protein. As the reported studies shown that GSK3β 
regulated the phosphorylation of Snail and β-catenin and then triggered them for the ubiquitination 
degradation to modulate the EMT pathway [21-23]. Ren et al. uncovered GSK3-dependent Mcl-1 
degradation as a critical mechanism accounting for induction of apoptosis by Akt inhibitor (API-
1)[24]. And Otaki et al. demonstrated the HECT-type E3 ubiquitin ligase ITCH targeted TXNIP for 
ubiquitin-proteasome degradation[25]. Finally, It could also be possible that GSK3β regulate the 
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biosynthesis of TXNIP protein. Further study would be necessary to verify the hereinabove 
hypotheses.  
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