
Asian Pacific Journal of Cancer Prevention, Vol 23 1803

DOI:10.31557/APJCP.2022.23.5.1803
Conjugation of Cetuximab – Puromycin and Its Target-Specific Effect on Triple Negative Breast Cancer Cell Lines

Asian Pac J Cancer Prev, 23 (5), 1803-1812

Introduction

Cancer is a life-threatening disease which become a 
global health problem. Breast cancer is the most common 
cancer type in women (WHO, 2020). Breast cancer 
has various types, one of them is triple-negative breast 
cancer (TNBC). TNBC is basal subtype which does not 
express estrogen and progesterone receptors, and lacks 
HER-2 expression, but highly express EGFR (epidermal 
growth factor receptor) on the cell surface (Mueller et 
al., 2010). TNBC is very aggressive and could divide and 
spread more quickly. The therapeutic option for TNBC is 
limited, furthermore TNBC has a poor prognosis (Podo 
et al., 2010). 

Currently, there are several therapeutic options for 
TNBC, including surgery, radiation, chemotherapy, and 
monoclonal antibodies. Surgery, for tumor removal, 
has been considered unsuccessful due to recurrence of 
the cancer (Schirrmacher, 2019). On the other hand, 
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radiotherapy significantly decrease patient’s quality of 
life, such as nausea and vomiting, hair loss. Radiotherapy 
is not specific and has detrimental effects on normal 
cells (Aruna, 2006). Chemotherapy is toxic to cells 
(Malhotra et al., 2003) which inhibits DNA replication 
and mitosis (Cattley et al., 2004). Similar to radiotherapy, 
chemotherapy kills the target cells nonspecifically. thus 
causing extensive damage to normal cells, especially in 
cells with high proliferative rates such as bone marrow 
(Agarwal, 2016) and gastrointestinal tract (Ramirez et al., 
2009). It leads to morbidity or even mortality. In addition, 
chemotherapy causes resistance (Luqmani, 2005). 

Monoclonal antibodies (MAbs) indicated for TNBC 
have been approved by several regulatory authorities (Park 
et al., 2018). Although MAbs bind to specific receptor on 
the target cells (Aruna, 2006), but, in order to kill cancer, 
immune cells should be involved. In other words, use of 
MAbs is less curative (Scott et al., 2012; Shah et al., 2018). 
Moreover, the survival rate of most MAbs around 20%. 
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For that reason, MAbs administration should combine with 
chemotherapeutic agents in clinical practice (Park et al., 
2018). For effectiveness of therapy and to minimalize the 
adverse effects, anticancer agent with selective cytotoxic 
effect on target cells is needed, the immunotoxin.

Immunotoxin is the conjugation between antibody 
and toxin (Aruna, 2006). Some immunotoxin have been 
developed, for instance amanitin-Mab and diphteria 
toxin-Mab conjugates. As both are very toxic compound 
which can work selectively, we wonder if another toxic 
substance can be coupled to a specific Mab and use as 
targeted immunotoxin. We considered to use another toxin, 
Puromycin to be conjugated with Cetuximab through a 
linker, SATP (N-Succinimidyl S-Acetylthiopropionate). 
Cetuximab, specific for TNBC is a chimeric monoclonal 
antibody which has a humanized Fc moiety, so that better 
immunogenicity profile compared to murine antibodies 
(Li et al., 2005). 

Puromycin, a compound from Streptomyces alboniger 
(Nathans, 1964), was chosen as a cytotoxic component 
of immunotoxin in this study as it causes premature 
termination during translation at the ribosome (Nathans, 
1964). Puromycin is known to induce apoptosis in breast 
cancer cells through insulin-like growth factor-1 (IGF-1) 
and has antitumor activity on MDA-MB-231 through 
suppression of 45S pre-ribosomal RNA and upstream 
binding factor (UBF) (Jung et al., 2013; Söderlund et al., 
2004). Puromycin is also known to exhibit p53-dependent 
apoptotic effects on human colorectal carcinoma cells 
(Jung et al., 2019). 

The MDA-MB-231 is a triple-negative breast 
cancer cell lines (LaChance MP et al., 1984). From 
immunohistochemical analysis, MDA-MB-231 showed 
high expression of EGFR on the cell surface (Greg, 
2008). Since this type of cancer has the worst prognosis 
amongst all types of breast cancer with the limited 
treatment choices and the current treatment especially 
chemotherapy/radiotherapy cause therapy resistance, 
recurrence, side effects, and the targeted therapy like MAb 
needs combination of chemotherapy/radiotherapy (Podo et 
al., 2010), through this study, the immunotoxin, conjugate 
Cetuximab – Puromycin, is expected to selectively inhibit 
the proliferation of triple-negative breast cancer cells 
(MDA-MB-231) and enhance the efficacy of Cetuximab 
in killing target cells. 

Materials and Methods

Materials
Cetuximab 5 mg/mL (Erbitux, Merck); Puromycin 

(Thermo); N-Succinimidyl S-Acetylthiopropionate/
SATP (Thermo); Dialysis tubing cellulose membrane 
(Sigma Aldrich); Sephadex G-100 SF (Pharmacia Fine 
Chemicals); Hydroxylamine hydrochloride (Sigma 
Aldrich); MDA-MB-231 (Faculty of Medicine, Universitas 
Indonesia); MCF-7 (Faculty of Medicine, Universitas 
Indonesia); Cell Counter Plate (LUNA).

Preparation of Cetuximab
In order to remove small molecules, Cetuximab 

aqueous solution (5 mg/mL) was dialyzed in 50 mM 

phosphate buffer (pH 7.5) which contains 1 mM EDTA. It 
was kept for 12 hours at 4°C (Hajighasemlou et al., 2015). 
MR Cetuximab = 145,781.6 Da.

SATP is soluble in organic solvent, i.e. DMSO. 
Immediately, before reaction, 3.7 mg of SATP was 
dissolved in 0.23 mL of DMSO at concentration of 65 
mM (16 mg/mL). In the ratio of 100: 1 (protein solution 
10 mg/mL: SATP solution), 5 µL SATP was added to each 
mL of Cetuximab 5 mg/mL. They are mixed and incubated 
at room temperature for 60 minutes. Modified Cetuximab 
was separated from unreacted SATP and reaction-by-
products by dialysis against 50 mM phosphate buffer (pH 
7.5) containing 1 mM EDTA (Greg, 2008). 

Acetylated -SH group was deprotected by adding 50 
µL of 50 mM Hydroxylamine hydrochloride dissolved 
in 50 mM phosphate buffer (pH 7.5) and contains 1 mM 
EDTA to each mL of SATP-modified protein solution. The 
mixture was incubated for 2 hours at room temperature. 
Sulfhydryl-modified Cetuximab was purified by dialysis 
against 50 mM phosphate buffer (pH 7.5) containing 1 
mM EDTA. 

Preparation of Puromycin
Puromycin was dissolved at concentration 5 mg/mL 

in 50 mM phosphate buffer (pH 7.5) which contains 1 
mM EDTA. To remove small molecules, Puromycin 
was dialyzed against 50 mM phosphate buffer (pH 7.5) 
contains 1 mM EDTA. It was kept for 12 hours at 4°C 
(Hajighasemlou et al., 2015). Puromycin was prepared 
according to the preparation of Cetuximab. 

Moreover, in order to know maximum wavelength of 
Puromycin, Puromycin was dissolved at concentration 
0.5 mg/mL and measured in Spectrophotometer UV-Vis 
in the wavelength of 190 – 400 nm. Figure 3 showed that 
the maximum wavelength of Puromycin was 270 nm.

Preparation of Immunotoxin
500 µL activated Puromycin was added to the 250 µL 

of activated Cetuximab (molar ratio 2:1) in a microtube 
and the mixture was wrapped with aluminum foil and 
kept for 18 hours at room temperature (Hajighasemlou 
et al., 2015). 

Conjugate was purified by gel filtration on a 
Sephadex-100 SF column using the same buffer, 
phosphate – EDTA. Eluates from the peak were collected 
to be dialyzed against the same phosphate – EDTA buffer 
for 12 hours at 4°C. External buffer was checked for 
absorbance at a wavelength of 270 nm (max. wavelength 
for Puromycin). The concentration of conjugate from 
dialysate was measured at 280 nm using Albumin as 
standard. 

Conjugate Confirmation
In order to confirm the existences of Cetuximab 

and Puromycin in synthesized conjugate, absorbance of 
conjugate was measured at 270 nm and 280 nm compared 
to control, Cetuximab and Puromycin, in the same 
concentration (20 µg/ml). Wavelength of 270 nm was 
maximum wavelength for Puromycin and 280 nm was 
maximum wavelength for Cetuximab as a protein. 
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0.25% Trypsin and then incubated in 37°C, 5% CO2 for 
10 minutes. Hereafter, complete medium was added to the 
cells in order to stop Trypsin activity. Cell suspension was 
transferred to the sterile tube and centrifuged at 1000 rpm 
for 5 minutes. Supernatant was discarded, but pellet was 
being resuspended in 1 mL medium. Ten µL were mixed 
with 10 µL Trypan blue to stain the cells. Cell counting 
was conducted by LUNA cell counter.

Statistical Analysis
Live cells number from viability assay was counted 

and analyzed nonparametrically by Mann-Whitney U test 
by using SPSS 25. Statistical significance was assumed 
at p < 0.05.

Results

Conjugate was purif ied by size exclusion 
chromatography (SEC) using Sephadex G-100 SF to 
separate the conjugate from the excess of Puromycin and 
reaction-by-products, since in the conjugation reaction 
Puromycin molarity exceeded the Cetuximab (2:1). 
Purification was done three times (see Figure 4) and gave 
consistent 3 peaks and patterns. Eluates were collected and 
furthermore concentrated by dialysis until external buffer 
of dialysis had no absorbance at 270 nm (max. wavelength 
for Puromycin). The concentration of dialyzed conjugate 
was 25.84 mg/mL, measured as protein at 280 nm.

The synthesized conjugate was confirmed for the 
existences of Cetuximab and Puromycin on its structure 
by Spectrophotometer UV-Vis. The results were shown 
in Table 1. At the same concentration (20 µg/ml), 
absorbance of conjugate at 280 nm as protein showed 
similarity in compared to Cetuximab. Furthermore, the 
result at wavelength of 270 nm supported the presence of 

Cell Lines Culture
MDA-MB-231 and MCF-7 were cultured in the flask 

at temperature 37°C, 5% CO2. DMEM high glucose, 10% 
FBS (fetal bovine serum), 1% Penicillin-Streptomycin, 
and 1% Amphotericin were used as complete medium 
to feed cell lines and maintain cell growth. The culture 
medium was replaced every 72 hours. MDA-MB-231 
was used as test cells, meanwhile MCF-7 as control cells. 

Cell Proliferation Assay
MDA-MB-231 and MCF-7 were dissociated from cell 

flasks by Trypsin digestion and seeded into 24-well plates, 
50,000 cells/well. Cells were harvested by Trypsin and 
counted each day using trypan blue excursion method. 
Cell growth curves were drawn from live cell numbers 
for seven days.

Cytotoxicity Assay/CC50
CC50 defined as as the concentration of tested 

substance (in this case Cetuximab – Puromycin conjugate) 
which kill 50% cell population. Cells were seeded into 
6-well plates, 500,000 cells/well. One day (24 hours) 
before treatment, MDA-MB-231 cells are being fasted 
from FBS. Cells are divided into five different doses of 
conjugate (5 µg/mL; 10 µg/mL; 20 µg/mL; 40 µg/mL; 80 
µg/mL) and one untreated group. They were incubated 
for 48 hours. The viable cell number was determined 
by cell counting after trypan blue excursion method. 
The CC50 against this cell was determined from dose-
response curve.

Viability Assay
For treatment purpose, cells were seeded into 24-

well plates, 50,000 cells/well. One day (24 hours) before 
treatment, cell lines are being fasted from FBS. MDA-
MB-231 and MCF-7 cell lines were divided into eight 
groups:

Group A: MDA-MB-231 + Conjugate of Cetuximab 
and Puromycin 10 µg/mL

Group B: MDA-MB-231 + Conjugate of Cetuximab 
and Puromycin 20 µg/mL

Group C: MDA-MB-231 + Conjugate of Cetuximab 
and Puromycin 40 µg/mL

Group D: MDA-MB-231 + Cetuximab 20 µg/mL
Group E: MDA-MB-231 + Puromycin 20 µg/mL
Group F: MDA-MB-231 + Placebo
Group G: MCF-7 + Conjugate of Cetuximab and 

Puromycin 20 µg/mL
Group H: MCF-7 + Placebo
The viability assay was done on 24 hours, 48 hours, 

and 72 hours after treatment. Cells were harvested by 

Figure 1. Chemical Structure of SATP (MR 
SATP = 245.25 Da)

Figure 2. Chemical Structure of Puromycin (MR 
Puromycin = 471.5 Da)
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Puromycin structure in synthesized conjugate.
MDA-MB-231 is epithelial, human breast cancer cell 

lines which has spheroid structure (see Figure 5). It is a 
highly aggressive, invasive, and poorly differentiated 
triple-negative breast cancer (TNBC) cell line as it does 

not have of estrogen receptor (ER), progesterone receptor 
(PR), and lacks of HER2 (human epidermal growth 
factor receptor 2), but highly express EGFR (epidermal 
growth factor receptor) on the cell surface. MCF-7 has 
an epithelial-like morphology and monolayers for dome 
structure (see Figure 4). MCF-7 has no or lacks of EGF 
receptor. Figure 4 was taken 5 days after culture in the 
flask.

To compare the rate of proliferation between 
MDA-MB-231 and MCF-7, cell numbers were counted 
each day for seven days, and live cells number were used 
for cell growth curves (see Figure 6). Descriptively, MCF-
7 showed lower growth rate than MDA-MB-231.

The results of cytotoxicity assay/CC50 were shown 
in Figure 7. Percentage of response was described as 
percentage of the cell death in groups with different 
doses compared to untreated group. As formula, it can 
be counted as [(cell numbers on untreated group – cell 

Figure 3. Maximum Wavelength of Puromycin Measured by Spectrophotometer UV-Vis at 270 nm

Figure 4. Purification Chromatogram of Conjugate which Performed by SEC Sephadex G-100 SF (Mobile Phase: 50 
mM phosphate buffer pH 7.5 which contains 1 mM EDTA)

Table 1. Absorbance of Conjugate Compared to 
Cetuximab and Puromycin at Wavelength of 280 nm and 
270 nm. 

absorbance at 280 nm
conjugate 0.267
cetuximab 0.211

absorbance at 270 nm
conjugate 0.63
cetuximab 0.355
puromycin 0.246
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numbers on test group)/cell numbers on untreated group] 
x 100%. From the linear regression calculation, an 
equation for a correspondent straight line was formulated 
as y = 0.9857x + 13.115, R² = 0.9955. Hence, to get 

50% cytotoxicity concentration of the conjugate, y = 50 
was added to the formula. In consequence, CC50 of the 
conjugate was 37.42 µg/mL.

Viability was measured as live cell number after 

Figure 5. Cell Colonies of MDA-MB-231 (left) and MCF-7 (right) in 40X Microscopes Magnification

Figure 6. Cell Proliferation Growth Curve of MDA-MB-231 and MCF-7

Figure 7. Dose-Response Curve to Assess CC50 of Conjugate on MDA-MB-231
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24-hour, 48-hour, and 72-hour of treatment. Results of 
24-hour incubation was showed in Figure 8, Conjugate 20 
µg/mL showed significant reduction of live cells number 
compared to Placebo (p < 0.05, p = 0.025), as well as to 
the Cetuximab 20 µg/mL (p = 0.05, p = 0.034) and to 

Figure 8. Live Cells Number After 24-hour Incubation of Treatment. There were 3 samples in each group. Conjugate 
20 µg/mL vs Placebo cultured in MDA-MB-231 was statistically significant, p = 0.025. Conjugate 20 µg/mL vs 
Cetuximab 20 µg/mL cultured in MDA-MB-231 was statistically significant, p = 0.034. Conjugate 20 µg/mL cultured 
in MDA-MB-231 vs Conjugate 20 µg/mL cultured in MCF-7 was statistically significant, p = 0.025. (p < 0.05 defined 
as statistically significant) 

Figure 9. Live Cells Number After 48-hour Incubation of Treatment. There were 3 samples in each group. Conjugate 
20 µg/mL vs Placebo cultured in MDA-MB-231 was statistically significant, p = 0.046. Conjugate 20 µg/mL vs 
Cetuximab 20 µg/mL cultured in MDA-MB-231 was statistically significant, p = 0.046. Conjugate 20 µg/mL cultured 
in MDA-MB-231 vs Conjugate 20 µg/mL cultured in MCF-7 was statistically significant, p = 0.043. (p < 0.05 defined 
as statistically significant) 

the Conjugate 20 µg/mL cultured in MCF-7 (p < 0.05, 
p = 0.025). Results of 48-hour incubation was showed 
in Figure 9, Conjugate 20 µg/mL showed significant 
reduction of live cells number compared to Placebo (p 
< 0.05, p = 0.046), as well as to the Cetuximab 20 µg/
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Figure 10. Live Cells Number After 72-hour Incubation of Treatment. There were 3 samples in each group. Conjugate 
20 µg/mL vs Placebo cultured in MDA-MB-231 was statistically significant, p = 0.046. Conjugate 20 µg/mL vs 
Cetuximab 20 µg/mL cultured in MDA-MB-231 was statistically significant, p = 0.043. Conjugate 20 µg/mL cultured 
in MDA-MB-231 vs Conjugate 20 µg/mL cultured in MCF-7 was statistically significant, p = 0.046. (p < 0.05 defined 
as statistically significant) 

Figure 11. The Reaction of SATP and Amine-Containing Protein to Create Sulfhydryl Modification of Protein

mL (p = 0.05, p = 0.046) and to the Conjugate 20 µg/
mL cultured in MCF-7 (p < 0.05, p = 0.043). Results of 
72-hour incubation was showed in Figure 10, Conjugate 
20 µg/mL showed significant reduction of live cells 
number compared to Placebo (p < 0.05, p = 0.046), as 
well as to the Cetuximab 20 µg/mL (p = 0.05, p = 0.043) 
and to the Conjugate 20 µg/mL cultured in MCF-7 (p < 
0.05, p = 0.046).

Discussion

Puromycin  was  conjugated to  Cetuximab 
chemically through a linker, SATP (N-Succinimidyl 
S-Acetylthiopropionate), by utilizing free amine group 
(-NH2) in those compounds. Cetuximab has various 
amino acid in light and heavy chains, including amino 
acid which have free amine groups, such as lysine (K), 
arginine (R), asparagine (N), and glutamine (Q) (Ayoub 
et al., 2013). Puromycin also has free amine group (see 
Figure 2) on its structure.

SATP retained all the advantages of a protected 
sulfhydryl, including stability of the modified protein 
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Figure 12. Illustrated Mechanism of Action of Conjugate Cetuximab – Puromycin

and selective release of the protecting group with 
hydroxylamine to free the sulfhydryl as needed (Greg, 
2008). The deacetylated molecule was used immediately 
to prevent loss of sulfhydryl group through disulfide 
formation by oxygen. This linker added -SH group on 
N-terminal at the completion of peptide synthesis. SATP 
and modified compounds were reacted by making a 
peptide bond (-NH-CO-) (see Figure 11). Additionally, 
SATP used in the acylation reaction was calculated 
precisely because higher levels of acylation correspond to 
greater risk of protein inactivation although more complete 
acylation of all primary amino groups will occur when 
larger molar excesses of SATP are used (Greg, 2008). 

The activation of sulfhydryl group on Puromycin 
is according to the Cetuximab. Molar ratio of 2 : 1 
(thiolated Puromycin : thiolated Cetuximab) was used to 
make sure that Cetuximab was conjugated to Puromycin. 
Immunotoxin made by chemical conjugation mimics 
the natural linkage between two subunit toxin (A and 
B subunit) like in diphteria toxin, which connected 
by disulfide bonds (Ghetie. et al., 2001; Greg, 2008). 
Therefore, Puromycin was conjugated to Cetuximab by 
forming disulfide bonds between thiolated Cetuximab 
and thiolated Puromycin which activated by SATP 
and hydroxylamine. Amine group in Puromycin were 
not utilized directly (without activation by SATP and 
hydroxylamine) to react with thiolated Cetuximab due to 
prevention the formation of thioeter bonds. The previous 
study found that enzyme in human cells could not 
hydrolyze thioeter bonds (Ghetie. et al., 2001). 

Size exclusion chromatography in Sephadex G-100, 
followed by extensive dialysis assured purification of 
conjugate, because the conjugated puromycin eluted in 
the large molecule fraction and the free puromycin were 
removed from the eluate by dialysis. All of these were 
confirmed spectrophotometrically.

MDA-MB-231 is TNBC cell lines which does 
not express estrogen and progesterone receptors, and 
lacks HER-2 expression, but highly express or tend to 
overexpress EGFR (epidermal growth factor receptor) on 
the cell surface (Bianchini et al., 2016; Moon et al., 2009; 
Mueller et al., 2010). In order to prove the target-specific 
effect of synthesized conjugate on TNBC cell lines, 
MCF-7 were used as control cell since MCF-7 express low 
EGFR (Moon et al., 2009). The result in Figure 5 showed 
that proliferation rate of MDA-MB-231 was higher 
than MCF-7. This is due to the growth and proliferation 
characteristic of MDA-MB-231. 

Cytotoxicity assay/CC50 assessed the conjugate 
concentration that reduced MDA-MB-231 cell viability 
by 50% when compared to untreated controls, which were 
calculated by regression equation. CC50 of the synthesized 
conjugate was 37.42 µg/mL. This result supported doses 
selection for viability assay.

Viability was measured as live cell number after 
24-hour, 48-hour, and 72-hour of treatment. Conjugate 
20 µg/mL showed significant reduction of live cells 
number compared to Placebo after 24 hours, 48 hours, 
and 72 hours incubation. In all time period of incubation, 
significant reduction of live cells number was also 
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observed in Conjugate 20 µg/mL compared to Cetuximab 
20 µg/mL. It showed that synthesized conjugate had better 
efficacy than Cetuximab at the same concentration. The 
significant reduction of live cells number in Conjugate 20 
µg/mL cultured in MDA-MB-231 compared to MCF-7 
showed target-specific effect of synthesized conjugate on 
TNBC cell lines, after 24 hours, 48 hours, and 72 hours 
incubation.

Puromycin 20 µg/mL cultured in MDA-MB-231 had 
no live cells number at all period time of incubation. 
Puromycin is not selective in cell killing (Nathans, 1964). 
The previous study showed that Puromycin which labeled 
with fluorescence can easily cross cell membranes in a 
nondestructive fashion in mammalian cells (Starck et al., 
2004). Meanwhile, synthesized conjugate needs specific 
EGF receptor on the cell surface to enter cells. 

Cetuximab-contained in conjugate directs Puromycin 
selectively to triple-negative breast cancer through EGF 
receptor binding. Cetuximab binds the ectodomain of the 
EGF receptor and consequently block the specific ligand 
binding and intracellular signaling pathways (Liao H-J 
et al., 2010). Therefore, PI3K/Akt/mTOR pathway are 
inhibited (Wang et al., 2021). This binding also initiates 
receptor endocytosis (Liao et al., 2010). The initiation 
of receptor endocytosis make Puromycin carried by 
Cetuximab enters the cell. Synthesized conjugate was 
held together by disulfide bond. As illustration according 
to the literature (Kim et al., 2020), in the endocytic 
compartment, conjugate is cleaved by protease and the 
disulfide bond is reduced, thus Puromycin is trafficked 
by late endosome to the trans-golgi network (TGN), and 
there binds to the KDEL receptor, which traffics it to the 
endoplasmic reticulum (ER). From there, Puromycin 
is translocated into cytosol and move to ribosome to 
cause premature termination of translation process (see 
illustration in Figure 12). 

Puromycin has similar chemical structure of 
aminoacyl-tRNA. Puromycin will occupy the ribosome 
site A and bind to the polypeptide chain synthesized by 
the enzyme peptidyl transferase thereby inhibiting the 
further entry of aminoacyl-tRNA. The weak binding of 
puromycin to the site A ribosomes causes the polypeptide 
chain to break and protein synthesis stops prematurely. 
Ribosome site A is the site where the codon and anticodon 
(of aminoacyl-tRNA) interact. This interruption by 
Puromycin will prevent the codon from pairing with an 
anticodon (Nathans, 1964). Puromycin was known to 
induce apoptosis in breast cancer cells by insulin-like 
growth factor 1 (IGF-1) and exert antitumor activity in 
MDA-MB-231 via suppression of 45S pre-ribosomal RNA 
and upstream binding factor (UBF) (Jung et al., 2013; 
Söderlund et al., 2004). Puromycin was also shown to 
have p53-dependent apoptotic effect in human colorectal 
carcinoma cell through HCT116 cell lines (Jung et al., 
2019). 

This study has the following limitations. Cetuximab 
was not used as a control during purification by SEC, 
so that chromatogram peak of the conjugate Cetuximab 
– Puromycin was not compared to the Cetuximab. In 
addition, the absorbances of three different fractionations 

were not measured separately. It would be better if CC50 
of Cetuximab could be assessed in compared to the CC50 
of the conjugate Cetuximab – Puromycin.

In the future, conjugate Cetuximab – Puromycin 
can be a potential anticancer therapy in treating triple-
negative breast cancer. Apoptotic signaling inside the cells 
needs further investigation. Other than that, synthesized 
conjugate may be further characterized to have better 
evaluation its anticancer potential against triple negative 
breast cancer.
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