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Abstract 
Dysregulation of the Sox protein family is associated with maintenance of colon cancer stem cells (CSCs), a small group of colon cancer cells 

responsible for colon cancer metastasis, disease recurrence, and drug resistance. However, further research is required to clarify different Sox 
protein expressions in colon cancer cells and tissues. To evaluate Sox protein expression, our laboratory used colospheroids, which mimic the colonic 
organization and contain CSCs. We evaluated the effects of a dual compound of andrographolide (AGP) and melatonin (MLT) on colospheroids 
obtained from a metastatic colon cancer cell (HT-29) to investigate CSCs’ response. Previous studies have shown that this drug combination has 
anticarcinogenic, antioxidant, and antimetastatic properties and inhibits colospheroids (HT-29s and HCT-15s) proliferation derived from two colon 
metastatic cell lines. The present study found varying types of Sox protein expression, including Sox-4, Sox-11, and Sox-18, in the colospheroids using 
immunoblot. Significant protein inhibition was observed in the dual-treatment group compared to the untreated and single-drug-treated groups. 
In addition, the in vivo study demonstrated the downregulated Sox protein expression (Sox-8 and Sox-9) in the AGP-MLT-treated mouse xenograft 
tissue. The mechanism of decreased colospheroids growth was identified as the inhibition of the Sox family protein expression. These results provide 
a rationale for using AGP in combination with MLT to inhibit CSCs.
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Introduction
Cancer metastasis, disease recurrence, and drug resistance 

are responsible for a subpopulation of cancer cells known as 
cancer stem cells (CSCs) [1]. Within the tumor, CSCs represent a 
small subpopulation (1-3%), bestowed with the capacity to self- 

 

renew [2]. The heterogeneity of tumors, CSCs, and progenitors are 
known obstacles to development of effective cancer therapies [3]. 
Therefore, CSCs are the leading cancer therapeutic target. The SOX/
Sox (SRY homology box) family of proteins consists of 20 individual 
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members. These proteins can induce the stem-like phenotypes 
of CSCs and have regulatory functions in development, cell-fate 
decision, and differentiation [4]. Accumulating evidence suggests 
that the Sox family plays a pivotal role in carcinogenesis and 
dysregulation of SOX proteins has been observed in different types 
of cancers including colon cancer (CRC). For example, Sox 9 (SRY-
box transcription factor 9) could regulate the function of cancer 
stem/initiating cells (CSCs) to further facilitate the progression 
of colorectal cancer (CRC) [5]. Moreover, aberrant expression 
of another transcription factor, Sox 2, is in the CSCs of CRC, skin 
squamous-cell carcinoma (SCC) and breast carcinoma, and bladder 
carcinoma, but is absent in the normal epidermis [6-9]. Both SOX8 
and SOX4 are suspected to play roles in chemo resistant tongue 
squamous cell carcinoma (TSCC) and are associated with higher 
lymph node metastasis, advanced tumor stage and shorter overall 
survival [10]. Over-expression of SOX8 predicts poor prognosis in 
colorectal cancer [11]. Another important member of Sox family, 
SOX4, is a tumor promoter which contributes to drug resistance 
and progression in cervical cancer. It also regulates the Epithelial 
Mesenchymal Transition (EMT) program in breast cancer [12,13]. 
Additionally, Sox4 overexpression is associated with lymph node 
metastasis in Tongue squamous cell carcinoma (TSCC) [14]. While 
the impact of Sox11 protein expression in cancer progression is 
controversial, recent research links dysfunctional expression with 
increased cancer cell survival, inhibited cell differentiation, and 
tumor progression [15,16], in contrast, a correlation between Sox-
18 and CRC prognosis is reported [17].

Combined AGP and MLT has a synergistic effect in inhibiting 
various aspects of metastatic colorectal cancer cells, including 
colospheroids phenotype and patient-derived organoids. This 
combination also inhibits ATP-level, angiogenesis, invasion, and 
xenograft tumor formation by inhibiting the β-catenin signal and 
increasing ROS generation and apoptosis. In addition, there were 
no observed side effects in a xenograft mouse model. The current 
study aims to investigate the impact of the AGP-MLT combination 
on the SOXs family protein. 

Material methods

Chemicals

Melatonin (gifted by Russel J Reiter), dimethylsulfoxide (DMSO) 
from Sigma Aldrich, AGP (L973, CAS 5508-58-7) from A K Scientific.

Cell cultures, colospheroids formation assay

HT29 cells were generously provided by Lin Jiayuh, Ph. D at the 
University of Maryland School of Medicine. Cells were cultured in 
5% complete RPMI media and cell-derived colospheroids formation 
assay was performed as described earlier [18].

 Subcutaneous tumor xenografts

 All experiments were performed following a protocol approved 
by the Institutional Animal Care and Use Committee (IACUC) of the 
University of Notre Dame and confirmed with NIH guidelines. All 
animal research used in this study was approved by the University 

of Notre Dame IACUC under protocol 18-09-4843. This study was 
conducted using 4 to 6-week-old athymic nude mice that were 
performed as described previously [6]. 

SDS-PAGE and immunoblot

SDS-PAGE and immunoblot were performed as published 
[19,20]. The primary antibodies used were Sox 2 (Cell Signaling; 
#2748s), Sox 4 (Novus; #NBPI-50776) Sox 11 (Novus; # NBP2-
98872), Sox 18 (Novus# NBP2-41289), and GAPDH (Sigma 
Aldrich; #G8795). Blots were incubated with HRP-conjugated 
secondary antibodies followed by enhanced chemiluminescence 
(ECL) detection. Images were captured using a Syngene G Box 
digital image (Frederick, MD) and quantified with densitometry as 
described [21].

 Immunohistochemistry

To detect Sox 8, and Sox 9 (Proteinech; #2067-1-AP, Cell 
Signaling; #82630S) expression in xenograft treated and untreated 
tissue, immunohistochemistry was performed as described earlier 
[22].

 Statistical Significance

Statistical analysis was performed with Graph Pad Prism for 
Macintosh 5.0c (Graph Pad Software Inc., San Diego, CA). Data 
obtained for all in vitro studies were analyzed using one-way 
ANOVA. In vivo animal tumor studies were analyzed using 2-way 
ANOVA. Significance between groups was analyzed using the post 
hoc Tukey’s test and Bonferroni test. P values were considered 
significant if they were less than 0.05 and are indicated throughout 
using asterisks: * = P < 0.05, ** = P < 0.01, ***P < 0.001.

Results

Impact of AGP-MLT combination on Sox protein 
expression of Colospheroids

SOX proteins are transcription factors that play a crucial role 
in the regulation of stem cell pluripotency and differentiation 
[23]. Our earlier studies have demonstrated that Sox 2, a known 
regulator of chemoresistance, was downregulated in the AGP-MLT 
treated colospheroids [6]. To explore the mechanism by which AGP 
and MLT exert their synergistic effects on colospheroids inhibition, 
HT29s lysates were monitored for Sox-4, Sox 11, Sox 18, Sox 8 and 
Sox 9 along with Sox-2. Dual treatment downregulated Sox-4, Sox-
11, Sox-18 protein expression in colospheroids lysates compared 
with the untreated or single-drug treatments (Figure. 1, Figure 2A, 
C, D). However, Sox-2 protein expression is obvious downregulation 
as our previous and in this study.

Impact of AGP-MLT cotreatment on Sox protein on mice 
xenograft tissue 

In our previous study, we documented that AGP-MLT 
combination reduced tumor size and volume and the mechanism 
is inhibition of β-catenin signal, angiogenesis and mitotic index. 
Here, we determine if xenograft tumor inhibition by dual therapy 
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is mediated by sox protein’s involvement. Tumor tissues were 
evaluated to monitor the impact of single/dual therapy on Sox 
protein expression, Sox-8 and Sox-9 by immunohistochemistry. 

Decreased Sox-8 and Sox-9 positive cells were found in combination 
of AGP-MLT treatment (Figure. 2B) compared with the untreated 
and single drug treatment. 

Figure 1: AGP and MLT synergistically decrease Sox protein expression in colospheroids.  Upper panel: Immunoblots from treated or untreated 
CSC (HT-29s) extracts were used for monitoring Sox protein expression. GAPDH was used as a loading control. Lower panel: Quantification of 
Sox protein as indicated. Statistical significance was determined by one way-analysis of variance followed by the Bonferroni test.
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Figure 2: AGP and MLT co-treatment reduced Sox protein expression in mice bearing tumor tissues. A. Immunoblots from treated or untreated 
CSC (HT-29s) extracts were used for monitoring Sox 8 and Sox 9 expression. B. Immunohistochemistry for Sox-8 (upper panel) and Sox 
9 (lower panel) expression in HT29 CRC tumor sections with or without AGP, and MLT (200x). The insert yellow bordered box represents 
highlighted positive cells (400x). C, D: Representative quantification of three independent blot (**P<0.01 and ***P<0.001).

Discussion 

Colorectal cancer is one of the most common cancers, with an 
estimated 152,810 people in the U.S. expected to be diagnosed with 
the disease in 2024 and 53,010 people expected to die from it. The 
current treatment for colorectal cancer involves surgical resection 
and chemotherapy, including 5-FU, depending on the stage of the 
cancer. However, this treatment does not permanently remove all 
tumor cells altogether, resulting in possible recurrence, often due 
to CSCs comprising 20% to 30% of the total CRC cell population. 
Targeting this specific cell subpopulation could be an effective 
strategy to eradicate colorectal cancer and increase the survival of 
metastatic patients. A previous study has shown that combining 
AGP and MLT can synergistically inhibit the colospheroids 
phenotype generated from two metastatic cell lines, patient-derived 
organoids (PDO) and ki 67 expression. This dual drug works by 
inhibiting angiogenesis, hampering ER stress, and shutting down 

the β-catenin signal. Furthermore, this treatment reduces mouse 
tumor growth without causing any changes in body weight.

Sox genes encode transcription factors DNA-binding proteins 
which contains the high mobility group (HMG) box. The members of 
this family have shown a critical role in the CSCs maintenance [24]. 
The key element of CSCs maintenance is pluripotency [25]. Several 
survival factors including (IGF, EGF, HGF, FGF, and IL-6), survival 
signal (Hedgehog, Ent, Notch, NF-kβ signal), stemness genes 
(Nanog, Sox-2, and Oct-4) are associated with CSCs maintenance 
and expansion [1]. In our previous study and accumulating 
evidence suggests that transcription factor Sox 2 overexpressed in 
the CSCs contributes to tumor aggressiveness through major drug 
resistance mechanisms like epithelial-to- mesenchymal transition, 
ATP-binding cassette drug transporters, lineage plasticity etc. 
[26]. Another transcription factor, Sox 4, is associated with the 
maintenance of colospheroids stemness which contributes to 

http://dx.doi.org/10.33552/APPR.2024.04.000585


Citation: Natalie May, Amber Czinn, Neha Sharda, Advaitha Midde, Sazzad Hassan, Urs von Holzen, Hem Sukla, Jaylyn Waddell and Aditi 
Banerjee*. Andrographolide and Melatonin Synergistically Inhibit the Sox Proteins Expression in Colospheroids. Arch Phar & Pharmacol Res. 
4(2): 2024. APPR.MS.ID.000585. DOI: 10.33552/APPR.2024.04.000585.	

Archives of Pharmacy & Pharmacology Research                                                                                                              Volume 4-Issue 2

Page 5 of 6

resilience and tumor progression [27]. Additionally, recent studies 
have characterized Sox 9 as a potential target for suppressing CSCs 
progression by down-regulating the Sox 9-mediated signaling 
pathway [28,29]. Moreover, Sox-8 regulates CSC properties and 
cisplatin-induced EMT in tongue squamous cell carcinoma by acting 
on the Wnt/β-catenin pathway [10]. In addition, overexpression 
of Sox11 enhances the CSC phenotype via overexpression of CSC 
markers in the progression of breast cancer [30].

In this study to evaluate the Sox protein expression, our 
laboratory used settings 3D cell model derived from a metastatic 
colon cancer cells HT29 and dual treatment response. We have 
already reported that bicyclic diterpenoid andrographolide 
(AGP) has a synergistic effect and inhibited Wnt/β-catenin to 
reduce spheroid survival derived from metastatic cancer cells 
when combined with the neurohormone melatonin (MLT) 
(nonprovisional patent; #PCT/US2021/030084). In this study, 
we first reported that AGP-MLT combination inhibits sox’s protein 
expression including Sox-4, Sox-2, Sox-8, Sox-9, Sox-11 and Sox 18 
on CSCs. However, additional research is needed to explore the Sox 
transcription factors in CSCs maintenance in colospheroids derived 
from other metastatic colon cancer cells and patient-derived 
organoids.

Conclusion

Conventional chemotherapy and radiotherapy are limited by 
adverse side effects. Therefore, personalized cancer treatment is 
needed to overcome this situation. Sox molecules are associated 
with the CSC maintenance which could be a new therapeutic 
regimen. AGP-MLT combination has shown the downregulation of 
Sox family protein in the CSCs.

Data availability

The data that support the findings of this study are available 
upon request from the corresponding author.
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