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ABSTRACT

Objective: Colorectal cancer (CRC) is a type of cancer spreading quickly around the world. Melanoma is an aggressive and lethal form 
of skin cancer. One of the striking biomarkers in cancer is carbonic anhydrase (CA)-IX, which catalyzes the hydration of carbon dioxide 
(CO2). CA inhibitors are being used clinically and studied extensively in clinical research. This study aimed to examine the CA inhibitor 
acetazolamide (AZA) in terms of the B-Raf protein in colorectal cancer and the melanoma cell line.

Materials and Methods: HT29 human colorectal cancer cells and A375 human melanoma cells were cultured. The appropriate dose of 
AZA on the cells was determined by the WST-1 test. The enzyme-linked immunosorbent assay (ELISA) was used to determine the effect of 
AZA on the B-Raf protein in HT29 and A375 cells.

Results: HT29 and A375 cell lines treated with AZA showed a dramatic decrease in CA-IX levels (p<0.05). In addition, AZA significantly 
reduced B-Raf protein levels in the HT29 and A375 cell lines (p<0.05, for both).

Conclusion: This study revealed AZA, a CA inhibitor, to be effective in CRC and melanoma. In future studies, combining the effects of AZA 
and B-Raf inhibitors may present an alternative approach in cancer treatment.
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INTRODUCTION

Colorectal cancer (CRC) is a type of cancer responsible for 
9.2% of cancer-related deaths. In terms of prevalence, it 
ranks second in women and third in men, with 5- and 10-
year survival rates being 65% and 58%, respectively (1). CRC 
may be localized or metastasized in the lymph nodes. Most 
patients with CRC have been reported to have metastases 
in the liver. Endoscopic, surgical, and oncological treatment 
strategies exist for CRC (2). Due to being the most hazardous 
and aggressive form of skin cancer and comprising only 
about 5% of all cutaneous malignancies, melanoma is the 
primary cause of skin cancer-related mortality (3). Because 
of the high risk of spreading, research is being performed 

to find risk factors and determine the best course of action 
for treatment.

Carbonic anhydrases (CAs) are metalloenzymes that contain 
Zn2+. They reversibly convert CO2 into HCO3

-/H+ and are 
processed to maintain pH homoeostasis in an organism (4). 
Acetazolamide (AZA), a sulfonamide derivative, is clinically 
implemented in the treatment of glaucoma, epilepsy, and 
heart failure (5). CA-IX is a cancer-related isoform and is 
overexpressed in carcinomas of the uterus, cervix, kidney, 
esophagus, lung, breast, colon, and brain (4, 6). Studies 
on cell models have shown CA-IX to have a pH-regulating 
function under hypoxic conditions and to help maintain 
the slightly alkaline intracellular pH that is necessary for 

https://orcid.org/0000-0001-9106-3848
https://orcid.org/0000-0002-0596-834X


Experimed 2024; 14(1): 7-12
Terzi and Bedir

Is B-raf Protein a New Target for Cancer?

8

the survival of cancer cells (7). CA-IX has also been shown to be 
able to interact with many signaling pathways in cancer cells 
(8, 9). 

Mitogen-activated protein kinase (MAPK) pathways are 
essential in the transition from extracellular signals to 
intracellular responses and regulate many cellular functions 
(10). MAPK signaling pathways consist of Ras, Raf, MEK, and 
extracellular-signal-regulated kinase (ERK) proteins. The 
cells inhibit apoptosis as a response to a variety of stress 
factors, such as radiation,  hypoxia, hydrogen peroxide, and 
chemotherapeutic agents, to increase the survival of the cells 
(11, 12). The Ras-Raf-MEK-ERK cascade is a vital regulatory 
pathway for cell growth, proliferation, differentiation, and 
apoptosis. Signaling with this pathway typically occurs for 
various plasma membrane growth-factor receptors that 
activate Ras family GTPases. Activated Ras proteins can recruit, 
complex with, and activate members of the Raf kinase family 
in the plasma membrane. Raf proteins stimulate the MEK/ERK 
cascade and ensure the transcription of related genes. B-Raf is 
a protein kinase that phosphorylates serine/threonine, which 
is involved in this pathway and is an oncogenic marker for 
solid tumors such as melanoma, papillary thyroid carcinoma, 
colorectal carcinoma, and gliomas (13). B-Raf mutations are 
found in about 10% of CRC patients and are linked with a 
poor prognosis; they are also resistant to chemotherapeutic 
treatment. However, recently developed B-Raf inhibitors have 
been directed towards melanoma and shown significant 
clinical activity in CRC (14). The main limitations in the use 
of B-Raf inhibitors involve resistance development and the 
toxicity linked to B-Raf inhibition (15).

B-Raf oncogenic driver mutations are found in approximately 
50% of cutaneous melanomas in which the Ras-Raf pathway 
has been altered. The most prevalent (90%) aberration in the 
B-Raf gene is the V600E/K mutation which is commonly seen 
in cutaneous melanoma (16, 17). Vemurafenib (VMF) (B-Raf 
inhibitor) and trametinib (MEK inhibitor) are among the 
compounds currently being used in the clinical treatment 
of melanoma. However, arthralgia, burnout, diarrhea, fever, 
photosensitivity, skin, ocular, and cardiovascular toxicity are 
the most frequent adverse effects of the treatment. In addition 
to the side effects, the main disadvantage of this form of 
therapy is that the cancer cells can develop resistance to the 
therapy (18). 

CA-IX, which is overexpressed in many tumor types, is also a 
pH-regulating enzyme, thus making it a potential target for 
carcinogenesis. CA-IX inhibition returns extracellular pH to 
normal values, resulting in a delay in tumor growth. This study 
therefore predicts that targeting CA-IX would be valuable as 
an alternative mechanism of carcinogenesis. The main goal in 
this research is to assess the impact of AZA, a CA inhibitor, on 
the B-Raf protein in HT29 CRC and A375 melanoma cell lines. 
Detecting a relationship between CA-IX inhibition and the 
B-Raf protein can become a new approach in targeting the 
MAPK pathway. This is a preliminary study investigating the 

potential a sulfonamide derivative has for inhibiting B-Raf in 
cancer treatment.

MATERIALS AND METHODS

Cell Experiments

Human colorectal cancer cells (HT29) and human melanoma cells 
(A375) were gifted by Dr. Tuba Ozdemir Sanci (Ankara Yildirim 
Beyazit University, Medical Faculty, Histology and Embryology 
Department). The cells were cultivated in Dulbecco’s Modified 
Eagle Medium (DMEM), a high glucose medium (Biowest, L0102), 
with 10% heat-inactivated fetal bovine serum (FBS; Capricorn, 
FBS-HI-11A), 1% penicillin-streptomycin, 1% amphotericin, 
and 1% gentamycin at 37°C in a 5% CO2 humidified  chamber 
incubator. AZA and VMF  were purchased from Sigma-Aldrich 
and SelleckChem, respectively. The cells were passaged with 80-
90% confluency, and a trypsin-EDTA (Gibco, 25200-056) solution 
was used for detaching the cells.

Inhibitor Preparation

The inhibitors used in the current study are AZA (Sigma, 
BCBZ9159) and VMF (Cayman Chemical, 1-800-364-9897). 
Due to the A375 and HT29 cell lines having the BRAFV600E 
mutation, the study evaluated VMF as a positive control. All 
inhibitors were prepared as stock solutions by dissolving them 
in dimethyl sulfoxide (DMSO) at a final concentration of 300 
μM. Then HT29 and A375 cells were seeded into 6-well plates 
(0.3 × 106 cells/well) and tested for various concentrations of 
AZA, and VMF (0, 2.5, 5, 10, 25, 50, 100, 200 µM) for 24th and 
48th hours.

Cytotoxicity Assay (WST-1)

The WST-1 test was carried out to find out the appropriate 
dose of AZA and VMF on HT29 cells. The principle of this assay 
is that cellular mitochondrial dehydrogenases convert the 
tetrazolium salt WST-1 into formazan crystals. For the WST-1 
test, the HT29 and A375 cells were seeded into 96-well plates 
and incubated. After incubation, AZA and VMF were prepared 
at concentrations of 0, 2.5, 5, 10, 25, 50, 100 and 200 μM and 
applied to the cells. The measurements were analyzed at the 
24th and 48th hours. To eliminate the effects from DMSO, the 
concentrations were added to the negative control wells 
at a rate where AZA and VMF were dissolved along with the 
medium. 10 µL of the WST-1 solution (Cayman Chemical, 
10008883) were added to each well and incubated at 37°C 
for 2-4 hours. Following incubation, the appropriate inhibitor 
concentration for the cells was determined by measuring at 
450 nm. The following equation was used when calculating the 
viability values of the cells:

Viability% = (Avarage OD inhibitor × 100) ÷ Average OD control

While the following equation was used when calculating the 
inhibition value:
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Inhibition% = 100 - ( (Avarage OD inhibitor × 100) ÷ Average OD 

control)

The inhibitor concentration values were converted into a graph 
by utilization of Graphpad Prism 9.1.0 software, after which the 
inhibitor dose (IC50) value that inhibited 50% of the cells was 
calculated. All experiments were performed in triplicates.

ELISA

To prepare the cell lysate, phosphate-buffered saline (PBS) was 
first used to wash the cells. Next, a lysis buffer containing 50 
mM Tris,150 µM NaCl, 1% NP-40 (Intron Biotechnology, IBS-
BN015) and proteinase inhibitor factor (Intron Biotechnology, 
PIC001) were used to lyse the cells, after this step, the cells were 
centrifuged (+4⁰C, 17,000 g, 15 min). The supernatant was then 
aliquoted.

The Enzyme-Linked Immunosorbent Assay (ELISA) was used 
to determine the changes in the CA-IX and B-Raf levels of AZA 
and VMF in the HT29 and A375 cell lines. The BT Lab Human 
Carbonic Anhydrase IX ELISA Kit (E2273Ha,  BT Lab, China) and 
Human B-Raf ELISA kit (E3906Hu,  BT Lab, China) were used in 
the study. Standard solutions were first prepared for the ELISA 
protocol. The standard solution contains 120 µL of standard 
(40 ng/mL) and 120 µL of standard diluent to create 20 ng/
mL (CA-IX) and 2400 ng/L (B-Raf ) standard stock solutions. The 
standard stock solution was diluted 1:2 to obtain 10 ng/mL, 5 
ng/mL, 2.5 ng/mL and 1.25 ng/mL standard solutions for CA-
IX and 1200 ng/L, 600 ng/L, 300 ng/L, and 150 ng/L for B-Raf. 
50 µL of all standards were added to the wells. Next, 40 µL of 
biotinylated anti-CA-IX and 10 µL of anti-B-Raf antibody were 
added to the wells. Subsequently, 50 μL of streptavidin-HRP 
was added to all wells and incubated at 37°C for 60 minutes. 
After incubation, the wells were washed 5 times with a wash 
buffer, then 50 µL of substrate solution A and 50 µL of substrate 
solution B were added to each well. This was incubated at 37°C 
for 10 min in the dark. Following the incubation, analysis was 
conducted at 450 nm using the Thermo Scientific VarioskanTM 

Spectrophotometer.

Statistical analyses

The statistical analysis was carried out using GraphPad Prism 
9.1.0. The one-way analysis of variance (ANOVA) test was 
conducted for the B-Raf ELISA test and Student’s t-test for 
the CA-IX ELISA test. The statistical significance level was 
determined as p<0.05.

RESULTS   

The HT29 and A375 cells were treated with AZA and VMF at 
doses of 0, 2.5, 5, 10, 25, 50, 100, and 200 µM at the 24th and 
48th hours to help determine the appropriate cytotoxic dose for 
the cells. According to WST-1 results, viability rates for the HT29 
cells treated with AZA for 24 hours were 100%, 100%, 94%, 
87%, 50%, 35%, 30%, and 17% at respective concentrations of 
0, 2.5, 5, 10, 25, 50, 100, and 200 µM. The IC50 value for AZA is 

found to be 34.71 μM. Viability rates   for HT29 cells treated with 
VMF for 24 hours at concentrations of 0, 2.5, 5, 10, 25, 50, 100, 
and 200 µM were 100%, 100%, 100%, 100%, 48%, 35%, 27%, 
and 18%, respectively. The IC50 value for VMF was found to be 
35.84 μM (Figures 1, 2). 

For the A375 melanoma cells, viability rates for cells treated 
with AZA for 24 hours were 100%, 100%, 54%, 33%, 29%, 25%, 
20%, and 17% at respective concentrations of 0, 2.5, 5, 10, 25, 
50, 100, and 200 µM. The IC50 value for AZA was found to be 
9.75 μM. Viability rates    for the A375 cells treated with VMF 
for 24 hours at concentrations of 0, 2.5, 5, 10, 25, 50, 100, and 
200 µM were 100%, 68%, 32%, 27%, 23%, 22%, 17%, and 14%, 
respectively. The IC50 value for VMF was found to be 4.93 μM 
(Figures 1, 2).

In order to examine the integrity of the cells, an inverted 
microscope was used following 24 hours of AZA and VMF 
application. The numbers of HT29 and A375 cells were 
observed to have decreased significantly at the end of this 
period (Figures 3, 4).

The effects of AZA on CA-IX were determined using ELISA. 

Figure 1. The % cell viability of the AZA-treated A375 and HT29 
cells. The HT29 and A375 cells were treated with AZA at doses 

Figure 2. The % cell viability of the VMF-treated A375 and HT29 
cells. The HT29 and A375 cells were treated with VMF at doses 
of 0, 2.5, 5, 10, 25, 50, 100, and 200 µM at the 24th and 48th hours.
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The change in CA-IX levels was determined by measuring the 

absorbance in cells with the presence and absence of AZA 

treatment. As a result, the concentration of CA-IX was found to 

be 5.93 ng/mL in the HT29 cells without AZA and 4.1 ng/mL in 

the HT29 cells with AZA. Treating the HT29 cells with AZA was 
found to dramatically decrease CA-IX levels (p<0.05). For the 
A375 cell line, the concentration of CA-IX was found to be 6.36 
ng/mL in cells without AZA and 3.46 ng/mL in cells with AZA. 

Figure 3. Inverted microscope images of the CRCs after 24th hour of inhibitor treatment. A) HT29 cells without an inhibitor B) AZA-
treated HT29 cells C) VMF-treated HT29 cells (Bar = 200 μm) (AZA concentration = 34.71 μM, VMF concentration = 35.84 μM).

Figure 4. Inverted microscope images of the melanoma cells after 24th hour of inhibitor treatment: A) A375 cells without inhibitor; 
B) AZA-treated A375 cells; C) VMF-treated A375 cells (Bar = 200 μm) (AZA concentration = 34.71 μM, VMF concentration = 35.84 μM).

Figure 5. CA-IX protein levels in the control and AZA-treated 
HT29 and A375 cells. *  p<0.05

Figure 6. B-Raf protein levels in the control, AZA-treated, 
and VMF-treated HT29 and A375 cells. * p<0.05, ** p<0.01, 
*** p<0.001
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The CA-IX levels were shown to have considerably decreased in 
the A375 cells treated with AZA (p<0.05; Figure 5).

The effects of AZA on B-Raf protein levels in the HT29 and 
A375 cells were assessed using ELISA, with VMF being used as a 
positive control. As a result, B-Raf protein levels were found to 
be 3.7 ng/L in the negative control cells, 2.81 ng/L in the AZA-
treated HT29 cells, and 1.94 ng/L in the VMF-treated positive 
control cells. When comparing the AZA-treated cells to the 
control cells, B-Raf protein levels were considerably lower in 
the AZA-treated cells (p<0.05). However, B-Raf protein levels 
were higher in the AZA-treated HT29 cells compared to the 
VMF-treated HT29 cells. VMF demonstrated a more effective 
inhibition effect than AZA (p<0.05). For the A375 cells, B-Raf 
protein levels were found to be 5.03 ng/L in the negative control 
cells, 3.36 ng/L in the AZA-treated cells, and 2 ng/L in the VMF-
treated positive control cells. AZA was found to dramatically 
affect a decrease in the B-Raf protein levels compared to the 
control cells (p<0.05). However, B-Raf protein levels are higher 
in the AZA-treated A375 cells than in the VMF-treated A375 
cells. VMF demonstrates a more effective inhibition than AZA 
(p<0.05; Figure 6).

DISCUSSION

With approximately 900,000 deaths annually, CRC is amongst 
the deadliest cancers. Age, dietary habits, and smoking can be 
listed as the risk factors that affect the development of CRC. 
Surgery, chemotherapy, radiotherapy, and immunotherapy 
are currently being used in clinical treatments (19). Cancer 
signaling pathways trigger cell proliferation, angiogenesis, 
escape from apoptosis, and metastasis in CRC. One of the 
signaling pathways involved in these processes is the Ras-Raf-
ERK pathway. Alterations in this pathway have been reported 
as targets for CRC therapy (20, 21). As a result, inhibiting this 
pathway is important as a molecular therapeutic approach in 
the treatment of CRC. B-Raf is located in MAPK’s Ras-Raf-MEK-
ERK signaling pathway and activates the transcription factors 
through phosphorylation of MEK and ERK. This activation 
regulates cell proliferation, survival, and growth (22).

Although melanoma is less common than other forms of 
skin cancer, it nevertheless causes over 73% of deaths from 
skin cancer (23, 24). Therapeutic approaches have improved 
understanding of melanoma pathogenesis in recent years, with 
activation of the MAPK pathway in melanoma being known to 
promote rapid tumor proliferation. The activator B-Raf mutation 
V600E and related mutations at this codon are critical to the 
MAPK signaling pathway in melanoma cell lines (25).

CA-IX is a tumor-associated CA isoenzyme, and CA-IX 
expression is induced through HIF-1. As a result, CA-IX might 
serve as a hypoxia marker and prognostic indicator. CA-IX is 
overexpressed in malignancies of the uterus, kidney, esophagus, 
and breast and in melanoma (4). CA-IX preserves cancer cells 
from hypoxia and intracellular acidity  as the tumor grows. 
It promotes angiogenesis, extracellular matrix degradation, 
epithelial-mesenchymal transformation, invasiveness, tumor-

stroma cross-communication, and signaling by increasing 
extracellular acidosis. In addition, CA-IX can interact with 
several signaling pathways and mechanisms in cancerous cells 
(9). The phosphorylated IC residues of CA-IX have been shown 
to be associated with carcinogenesis. This has been suggested 
to perhaps stimulate intracellular signaling pathways (8). CA-
IX is a promising target for anti-cancer therapy. AZA is the first 
diuretic agent of sulfonamides and is used for the inhibition 
of CA isoenzymes (26). Studies have shown AZA to reduce 
colony formation and regress tumor growth in various cancer 
types (27). The current study has planned to show the effect 
of AZA, a CA inhibitor, on B-Raf, an oncogenic protein, based 
on the association CA-IX has with cancer signaling pathways 
in the HT29 colorectal cancer and A375 melanoma cell lines. 
The study used the B-Raf inhibitor VMF as a positive control 
and observed AZA to reduce B-Raf protein levels significantly 
but not as effectively as VMF. No previous research is present in 
the literature, showing the effect of AZA on the B-Raf protein. 
However, studies are found to have shown the effect that 
sulfonamide-derived inhibitors have on the B-Raf protein. 
Tsai et al. showed difluorophenyl-sulfonamides to have high 
selectivity and potential for oncogenic B-Raf protein inhibition 
(28). VMF is a B-Raf inhibitor with a sulfonamide group targeting 
the BRAFV600E mutation. In addition, dabrafenib is another 
selective B-Raf inhibitor compound containing a sulfonamide 
group (29). Ali et al. suggested that imidazole derivative 
compounds containing terminal sulfonamide groups to be 
able to be potential inhibitors of BRAFV600E (30). This current 
preliminary study has determined AZA, a classical well-known 
sulfonamide derivative, to have an inhibitory effect on the 
B-Raf protein, in parallel with other studies.

Also in parallel with other studies, the current study has shown 
AZA, a sulfonamide-derived CA inhibitor, to have an inhibitory 
effect on B-Raf protein in CRC and melanoma. This study makes 
an important contribution to the literature in terms of targeting 
the B-Raf protein with different molecules and helping to develop 
new sulfonamide-derived inhibitors for cancer treatment. The 
investigation of AZA on the B-Raf gene in CRC and melanoma 
might serve as a guide for future research in this area.
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