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Abstract
Background: Tumor growth and progression depend largely on the activity of cell membrane 
receptors like epidermal growth factor receptor (EGFR). This receptor plays a significant role in 
the growth and survival of many solid tumors. Its biological feature makes it a highly appealing 
target for cancer treatment. On the other hand, immunotherapy is an efficient approach in 
cancer treatment, and immunotoxins have a predominant position herein. Thus, this approach 
can be used in high EGFR-expressed cancer therapy.
Methods: In this study, the production of monoclonal anti-EGFR-recombinant PE38 was used 
as the special treatment against EGFR-activated cancers. For this purpose, the A431 cell line 
originating from a squamous carcinoma was used. In order the production of this immunotoxin, 
the toxin was conjugated with an antibody by chemical method. To confirm conjugation and its 
purity, SDS-PAGE was performed by immunotoxin electrophoresis. Then, the antitumor effects 
of immunotoxin in the induction of apoptosis of tumoral cells were assessed by the ELISA 
method.
Results: The conjugation and purity of immunotoxin were confirmed by immunotoxin 
electrophoresis. Also, the ELISA results indicate that the produced immunotoxin induced 62% 
antigen-specific apoptosis (P < 0.0001) in tumoral cells compared to the control cells.
Conclusion: To conclude, our study provides a promising therapeutic approach against EGFR-
associated cancers and our individual immunotoxin can be used in the treatment of tumors 
with membranous EGFR.
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Introduction
The growth and spread of tumors, like normal cells, 
are highly dependent on the activity of cell membrane 
receptors that control intracellular signal transduction 
pathways. These receptors control many different 
physiological processes of the cells. As One of the most 
important types of these cell membrane receptors, the 
epidermal growth factor receptor (EGFR) plays a pivotal 
role in the growth and survival of many different types of 
tumors.1,2 Activation of EGFR triggers many cellular events 
that eventually lead to cell proliferation, differentiation, 
migration, adhesion, protection against apoptosis, and 
induction of angiogenesis, so inhibition of EGFR can 
inhibit cancer-related properties.3,4

Monoclonal antibodies have been widely used in clinical 
trials to deliver cytotoxic agents to tumor cells. Antitumor 
effects of Cetuximab monoclonal antibody against 
EGFR have been reported in many carcinomas such as 
colorectal, prostate, breast, renal, pancreatic, head and 

neck carcinoma, and non-small cell lung carcinoma.5–7 
The antibody was approved by the US Food and Drug 
Administration (FDA) for the treatment of advanced 
metastatic colorectal cancer in 2004.8–10 In vivo tests on 
A431 cell xenografts in an animal model showed that 
the antitumor effects of concomitant treatment of EGFR 
monoclonal antibodies with Doxorubicin produce more 
effective results together than when used alone and lead 
to tumor removal in all animals, while treatment of each 
of these alone only reduces tumor growth.11

One of the promising approaches in cancer therapy 
is the production of immunotoxins as cytotoxic agents 
targeting cell surface molecules that enter the cell and 
subsequently lead to cell death.12,13 Immunotoxins consist 
of a targeting unit such as a ligand or antibody that is 
specific to a particular cell type and a toxin to which it is 
attached. The target unit identifies cell surface molecules 
and delivers the whole molecule to specific cancer cell 
surface receptors. The toxin then induces cell death by 
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reaching the cytosol and inactivating living cell processes 
or by altering the tumor cell membrane integrity.14 PE is 
a toxin secreted by Pseudomonas that inhibits protein 
synthesis and causes cell death through apoptosis.15–18 The 
immunotoxin RFB4 (dsFV) -PE38 (BL22) targets CD22, 
which is expressed in B-cell lymphomas and leukemias. 
In this immunotoxin, the anti-CD22 antibody binds to 
PE38 and is used to treat B cell malignancies such as HCL, 
CLL, and some B cell lymphomas. This immunotoxin 
elicits a 73% therapeutic response in cancer patients.14,19,20 
Our immunotoxin of interest is composed of Cetuximab 
and PE38. This study aimed to produce and evaluate 
anti-EGFR immunotoxin and evaluate its effects in the 
induction of apoptosis in cancer cells.

Methods
Cell culture
The A431 cells were purchased from Pastor Institute in 
Iran (Iran, Tehran) and cultured in RPMI-1640 medium, 
supplemented with 10% FBS (Gibco). The medium 
was later added 1% antibiotic (penicillin 100 IU/ml, 
streptomycin 100 µg/ml) and sterilized by 0.22 µm filters. 
The cells were kept in the standard incubator at 37 °C. The 
media was changed every 2 days until the cells entered the 
logarithm phase. Then they were ready to be used for the 
tests according to our previous study.21

Production of monoclonal Anti-EGFR-recombinant 
PE38
For the conjugation of anti-EGFR antibody22 with 
recombinant PE38 (rPE38) toxin,23 the formation of 
disulfide or thioether bonds between the two molecules 
was used. According to this protocol, sulfhydryl groups 
in antibodies were generated using 2-Iminothiolane and 
then attached to the toxin via a thioether bond.24 First, the 
PBS monoclonal antibody buffer was replaced with 0.2 M 
sodium phosphate buffer (pH7.0) containing 1mM EDTA 
by dialysis bag. PBS toxin PE38 buffer was then replaced 
with 0.2M sodium phosphate buffer (pH 8.0) containing 
1mM EDTA by dialysis bag. The three-fold monoclonal 
antibody was mixed with 2-Iminothiolane, HCl (SIGMA, 
I6256, Germany) and incubated in C37 for one hour. 
PE38 was also mixed with SMCC (SIGMA, M5525, 
Germany) three times and incubated for 30 minutes at 
room temperature. Finally, they were removed from the 
antibody and PE38 by Iminothiolane dialysis bag and free 
SMCC. PE38 was then added to the antibody in a ratio of 
4 to 1 and incubated for 20 hours at room temperature 
to be ligated by theatrical grafts. Immunotoxins were 
isolated from free antibodies and free PEs by gel filtration 
(Sephadex-G-200). Finally, the immunotoxin was 
sterilized by filtration through 0.2 μ filters.

Confirmation of conjugation by SDS-PAGE
SDS-PAGE and Kumasi Blue staining were used to confirm 
conjugation of anti-EGFR antibody with PE38. SDS-PAGE 
experiment performed based on the previously reported 

method by Green and Sambrook.25 10% resolving gel was 
prepared using recommended volumes of SDS-PAGE 
components, which were electrophoretically reduced. 
After polymerization, the gel was washed several times 
with distilled water. The stacking gel was prepared 
and poured it over the polymerized resolving gel. The 
samples were then mixed with sample buffer containing 
β-mercaptoethanol and heated at 95 °C for 10 min for 
reducing and for non-reducing samples are mixed with 
sample buffer alone preceding to load on to the gel. Finally, 
a total volume of 10 μl of samples was mixed 2 μl sample 
buffer to load onto the gel along with a prestained protein 
marker (Figure 1).

Evaluation of apoptosis by ELISA method
Roche cell death detection ELISA kit (Cat.no.11 774 
425 001) was used to measure the amount of apoptosis 
and necrosis caused by immunotoxin. The basis of this 
approach is the measurement of histone-DNA complex 
fragments in cell lysis and supernatant of cell culture 
and was performed according to the kit protocol. First, 
A431 cells were cultured in 3000 cells per well from 96-
well plates for 24 hours. Then a certain concentration 
of immunotoxin was added to each well. Cells were 
incubated for 5 days in a standard incubator with 5% CO2. 
Later, the cells were collected from the wells to measure 
the amount of necrosis and apoptosis. Supernatant and 
cell lysis were added to streptavidin-coated microplates. 
Immuno-reagents were then added to each well from the 
microplate and incubated for 2 hours at room temperature. 
After adding the substrate and then stopping the reaction, 
the adsorption of the wells at 405 nm was measured by the 
ELISA reader. We have used PBS as negative control and 
camptothecin as a positive control.

Statistical analysis
All data are shown as the mean ± SEM. GraphPad Prism 
6 software (San Diego, CA, USA) was used for statistical 
analysis. Student’s t-test and one-way analysis of variance 
were done to demonstrate statistical differences among 
groups, followed by the Tukey test. The P values smaller 
than 0.05 were considered statistically significant.

Results
Conjugation of anti-EGFR antibody with PE38
After activation of antibodies with 2-Iminothiolane and 
toxin with SMCC, these two proteins were conjugated 
together. To confirm conjugation and its purity, SDS-
PAGE was performed by immunotoxin electrophoresis. 
The results demonstrated that the immunotoxin band 
that appears at 190 kDa indicates successful and pure 
conjugation (Figure 1).

Evaluation of induction of apoptosis and necrosis by 
immunotoxin by ELISA method
ELISA method was used to measure the induction 
of apoptosis and necrosis by immunotoxin. In this 
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experiment, A431 cells with high EGFR expression were 
exposed to immunotoxin for 5 days. After that, the results 
showed that a 5-day incubation time and concentration 
of 2 µg/100µl immunotoxins had the greatest effect on 
inducing apoptosis in the cell, and immunotoxin at these 
concentrations did not cause necrosis (Figure 2). In this 
experiment, the concentration of 2 µg/100µl had the 

greatest effect on inducing cell apoptosis and reducing 
cell growth (P < 0.0001). The immunotoxin caused 62% 
apoptosis in A431 cells compared to the control.

Discussion
Inhibition of EGFR causes many cellular effects and causes 
antitumor responses so that there is a lot of evidence that 
EGFR inhibitors are useful for cancer therapy.22,26,27 The 
study conducted by Sabrina Oliveira et al. in 2006 showed 
that blocking of EGFR signaling pathways alone could 
not inhibit cell proliferation. The cancer cells may use 
multiple intracellular pathways to overcome the blockage 
of specific receptors. Therefore, inhibition of alternative 
pathways and a combination of EGFR inhibitors and 
other targeting drugs, overall, seem to show better 
results.28 Lack of specific effect and limited efficiency of 
common cytotoxic agents has led to careful design and 
development of targeted therapies to distinguish between 
malignant and non-malignant cells. To develop such 
factors, it is necessary to identify abnormal molecular 
and biochemical pathways to distinguish malignant cells 
from non-malignant ones.29 Immunotoxins are hybrids of 
proteins that owe specificity to antibodies and cytotoxicity 
of toxins.30

In this study, the cytotoxicity of anti-EGFR immunotoxin 
was shown against A431 cells, which express high 
levels of EGFR at their surface. Expression of EGFR in 
human tumors is associated with a poor prognosis and 
rapidly progresses to cancer. Therefore, EGFR has been 
considered a suitable agent for tumor treatment. In 
immunotoxin-based approaches, to reach the appropriate 
immunotoxin effect on target cells, the immunotoxin 
must penetrate the cytoplasm of the cell. In a 2005 study 
of EGFR-supplying cells in lung cancer, David Raben et al. 
showed that immunotoxin effects depend on the number 
of EGFR on the cell surface.31 Another study by Kazuto 
Nishio et al. in 2007 examined the effect of Cetuximab on 
tumor cells and antibody‐dependent cellular cytotoxicity 
(ADCC) activity against several tumor cell lines. the 
results showed that ADCC-dependent antitumor activity 
results from the degree of affinity of Cetuximab for the 
extracellular domain of EGFR and the effects depend on 
EGFR expression on the tumor cell surface.32 Besides, a 
2009 study by Yong-Feng Yu et al. found that the inhibitory 
effect of Cetuximab on tumor cells was dependent on 
the number of EGFR receptors and the concentration of 
monoclonal antibodies.33

Finally, a cell death detection kit was used to determine 
the type of cell death. This test differentiates apoptosis from 
necrosis and determines the type of cell death. According 
to the results of this experiment, the immunotoxin 
induced apoptosis in A431 cells at the concentrations used 
and no necrosis occurred in the cells and the recombinant 
toxin alone had no significant effect on cell growth. The 
severity of apoptosis is related to the number of cell surface 
receptors so that in A431 cells, which have a large number 
of receptors on the surface, immunotoxin induced 62% 

Figure 1. The SDS-PAGE method, which is an analytical technique 
to separate proteins based on their molecular weight, was 
successfully applied to investigate the existence of immunotoxin. 
The immunotoxin band appears at 190 kDa in all of the prepared 
samples

Figure 2. Evaluation of apoptosis and necrosis of A431 cells. The 
highest rate of apoptosis was observed in the concentration of 2 
µg/100µl of immunotoxin. PBS was used as negative control and 
camptothecin as a positive control. **** P < 0.0001
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of apoptosis compared to the control and is P < 0.0001. 
similar to our study, in a 2008 study on melanoma cells, 
Michael Schwenkert and colleagues reported that the 
effect of recombinant immunotoxin in inducing apoptosis 
on A2058 and A375M cells was up to 80%.34

Conclusion
Despite new treatment approaches, the clinical outcomes 
in a substantial number of cancer patients have yet to 
be improved. According to the results of mAb tests, 
this antibody can be used in cancer diagnosis and 
research such as immunoblotting, ELISA kit design, 
immunofluorescence staining, etc., and also by producing 
chimeric antibodies. Hybridoma has been used to treat 
cancer. The results related to immunotoxin also showed 
that this immunotoxin can be used in the treatment of 
EGFR-supplying cancers if it is produced recombinantly. 
Taken together, our results revealed that monoclonal anti-
EGFR-rPE38 was effective in suppressing the growth of 
A431 cells. For the first time, we indicated that this anti-
EGFR-rPE38 exerts antitumor activity on tumor cells by 
inducing apoptosis. Given these, monoclonal anti-EGFR-
rPE38 has a great potential to be a promising therapeutic 
candidate for treating EGFR-associated cancers.

Conflict of Interest
The authors have no conflicts of interest to declare.

Ethical Issues
All experiments and procedures were conducted in compliance 
with the ethical principles of Tabriz University of Medical Science, 
Tabriz, Iran and approved by the regional ethical committee for 
medical research.

Acknowledgments
The authors would like to thank the Immunology Research Center, 
Tabriz University of Medical Sciences for their support.

References
1. Baselga J. Why the epidermal growth factor receptor? The 

rationale for cancer therapy. Oncologist. 2002;7:2–8. 
2. Mitsudomi T, Yatabe Y. Epidermal growth factor receptor in 

relation to tumor development: EGFR gene and cancer. FEBS J. 
2010;277(2):301–8. doi:10.1111/j.1742-4658.2009.07448.x

3. Nicholson R, Gee JM, Harper M. EGFR and cancer 
prognosis. Eur J Cancer. 2001;37:9–15. doi:10.1016/S0959-
8049(01)00231-3

4. Ciardiello F, Bianco R, Damiano V, Fontanini G, Caputo R, 
Pomatico G, et al. Antiangiogenic and antitumor activity of 
anti-epidermal growth factor receptor C225 monoclonal 
antibody in combination with vascular endothelial growth 
factor antisense oligonucleotide in human GEO colon cancer 
cells. Clin Cancer Res. 2000;6(9):3739–47. 

5. Cai W-Q, Zeng L-S, Wang L-F, Wang Y-Y, Cheng J-T, Zhang Y, 
et al. The Latest Battles Between EGFR Monoclonal Antibodies 
and Resistant Tumor Cells. Front Oncol. 2020; 10:1249. 
doi:10.3389/fonc.2020.01249

6. Li Y, Gao Q, Liu H, Lin S, Chen H, Ding R, et al. The Targeting 
Effect of Cetuximab Combined with PD-L1 Blockade against 
EGFR-Expressing Tumors in a Tailored CD16-CAR T-Cell 
Reporter System. Cancer Invest. 2021;39(4):1–12. doi:10.10
80/07357907.2021.1894570

7. Dorjsuren B, Chaurasiya B, Ye Z, Liu Y, Li W, Wang C, et al. 

Cetuximab-Coated Thermo-Sensitive Liposomes Loaded 
with Magnetic Nanoparticles and Doxorubicin for Targeted 
EGFR-Expressing Breast Cancer Combined Therapy. Int J 
Nanomedicine. 2020;Volume 15:8201–15. doi:10.2147/IJN.
S261671

8. Ciardiello F, De Vita F. Epidermal growth factor receptor 
(EGFR) inhibitors in cancer therapy. In: Advances in Targeted 
Cancer Therapy. Basel: Birkhäuser Basel; 2005. p. 93–115. 
doi:10.1007/3-7643-7414-4_5

9. Ganti AK, Potti A. Epidermal growth factor inhibition in 
solid tumours. Expert Opin Biol Ther. 2005;5(9):1165–74. 
doi:10.1517/14712598.5.9.1165

10. Seiden MV, Burris HA, Matulonis U, Hall JB, Armstrong DK, 
Speyer J, et al. A phase II trial of EMD72000 (matuzumab), 
a humanized anti-EGFR monoclonal antibody, in patients 
with platinum-resistant ovarian and primary peritoneal 
malignancies. Gynecol Oncol. 2007;104(3):727–31. 
doi:10.1016/j.ygyno.2006.10.019

11. Mendelsohn J. Epidermal growth factor receptor inhibition 
by a monoclonal antibody as anticancer therapy. Clin Cancer 
Res. 1997;3(12):2703–7. 

12. Frankel AE, Kreitman RJ, Sausville EA. Targeted toxins. Clin 
Cancer Res. 2000;6(2):326–34. 

13. Franzyk H, Christensen SB. Targeting Toxins toward 
Tumors. Molecules. 2021;26(5):1292. doi:10.3390/
molecules26051292

14. Allahyari H, Heidari S, Ghamgosha M, Saffarian 
P, Amani J. Immunotoxin: A new tool for cancer 
therapy. Tumor Biol. 2017;39(2):101042831769222. 
doi:10.1177/1010428317692226

15. Kreitman RJ. Immunotoxins for targeted cancer therapy. AAPS 
J. 2006;8(3):E532–51. doi:10.1208/aapsj080363

16. Oeltmann TN, Frankel AE. Advances in immunotoxins 1. FASEB 
J. 1991;5(10):2334–7. doi:10.1096/fasebj.5.10.1676688

17. Kawooya JK, Treat JC, Kirschner RJ, Sears MW, Gorczany  
auJonathan F, Grode SH, et al. The expression, affinity 
purification and characterization of recombinant 
pseudomonas exotoxin 40 (pe40) secreted from escherichia 
coli. J Biotechnol. 1995;42(1):9–22. doi:10.1016/0168-
1656(95)00055-U

18. Theuer CP, Kreitman RJ, FitzGerald DJ, Pastan I. Immunotoxins 
made with a recombinant form of Pseudomonas exotoxin 
A that do not require proteolysis for activity. Cancer Res. 
1993;53(2):340–7. 

19. Pastan I. Immunotoxins containing Pseudomonas exotoxin A: a 
short history. Cancer Immunol Immunother. 2003;52(5):338–
41. doi:10.1007/s00262-002-0353-8

20. Mazor R, Pastan I. Immunogenicity of Immunotoxins 
Containing Pseudomonas Exotoxin A: Causes, Consequences, 
and Mitigation. Front Immunol. 2020;11:1261. doi:10.3389/
fimmu.2020.01261

21. Khordadmehr M, Shahbazi R, Baradaran B, Sadreddini S, 
Shanehbandi D, Hajiasgharzadeh K, et al. MiR-193a-5p 
replacement can alter metastasis gene expression in breast 
adenocarcinoma cells in vitro. Pharm Sci. 2020;26(4):448–53. 

22. Macarulla T, Casado E, Ramos FJ, Valverde C, Tabernero 
J. Epidermal Growth Factor Receptor (EGFR) Inhibitors in 
Gastrointestinal Cancer. Oncol Res Treat. 2006;29(3):99–105. 
doi:10.1159/000091013

23. Baradaran B, Farajnia S, Majidi J, Omidi Y, Saeedi N. 
Recombinant expression and purification of Pseudomonas 
aeruginosa truncated exotoxin A in Escherichia coli. Pharm 
Sci. 2013;19(1):31–4. 

24. Essand M, Pastan I. Anti-prostate immunotoxins: Cytotoxicity 
of E4 antibody–pseudomonas exotoxin constructs. Int 
J Cancer. 1998;77(1):123–7. doi:10.1002/(SICI)1097-
0215(19980703)77:1<123::AID-IJC19>3.0.CO;2-F

25. Green MR, Hughes H, Sambrook J, MacCallum P. Molecular 



Hajiasgharzadeh et al

          ImmunoAnalysis, 2021, 1:3 5

cloning: a laboratory manual. In: Molecular cloning: a 
laboratory manual. 2012. p. 1890. 

26. Santos E da S, Nogueira KAB, Fernandes LCC, Martins JRP, Reis 
AVF, Neto J de BV, et al. EGFR targeting for cancer therapy: 
Pharmacology and immunoconjugates with drugs and 
nanoparticles. Int J Pharm. 2021;592:120082. doi:10.1016/j.
ijpharm.2020.120082

27. London M, Gallo E. Epidermal growth factor receptor 
(EGFR) involvement in epithelial‐derived cancers and its 
current antibody‐based immunotherapies. Cell Biol Int. 
2020;44(6):1267–82. doi:10.1002/cbin.11340

28. Oliveira S, van Bergen en Henegouwen PM, Storm G, 
Schiffelers RM. Molecular biology of epidermal growth factor 
receptor inhibition for cancer therapy. Expert Opin Biol Ther. 
2006;6(6):605–17. doi:10.1517/14712598.6.6.605

29. Kreitman RJ. Immunotoxins in cancer therapy. Curr 
Opin Immunol. 1999;11(5):570–8. doi:10.1016/S0952-
7915(99)00005-9

30. Pastan I, Hassan R, FitzGerald DJ, Kreitman RJ. Immunotoxin 
Treatment of Cancer *. Annu Rev Med. 2007;58(1):221–37. 
doi:10.1146/annurev.med.58.070605.115320

31. Raben D, Helfrich B, Chan DC, Ciardiello F, Zhao L, Franklin 
W, et al. The effects of cetuximab alone and in combination 
with radiation and/or chemotherapy in lung cancer. Clin 
Cancer Res. 2005;11(2):795–805. 

32. Kimura H, Sakai K, Arao T, Shimoyama T, Tamura T, Nishio K. 
Antibody-dependent cellular cytotoxicity of cetuximab against 
tumor cells with wild-type or mutant epidermal growth factor 
receptor. Cancer Sci. 2007;98(8):1275–80. doi:10.1111/
j.1349-7006.2007.00510.x

33. Yu Y-F, Chen Z-W, Li Z-M, Li Z-H, Lu S. The effects of cetuximab 
alone and in combination with endostatin on vascular 
endothelial growth factor and interleukin-8 expression 
in human lung adenocarcinoma cells. Curr Ther Res. 
2009;70(2):116–28. doi:10.1016/j.curtheres.2009.03.001

34. Schwenkert M, Birkholz K, Schwemmlein M, Kellner C, Kügler 
M, Peipp M, et al. A single chain immunotoxin, targeting the 
melanoma-associated chondroitin sulfate proteoglycan, is 
a potent inducer of apoptosis in cultured human melanoma 
cells. Melanoma Res. 2008;18(2):73–84. doi:10.1097/
CMR.0b013e3282f7c8f9


