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Table 1. Specifications of the used primers

Primer name Number of Primer sequence
nucleotides
1 VHIFOR-2 (A) 32 50 TGAGGAGACGGTGACCGTGGTCCCTTGGCCCC 3’
2 VHIBACK(AL) 22 50 AGGTSMARCTGCAGSAGTCWGG3’
3  MIKIFONX(B1) 24 50 CCGTTTGATTTCCAGCTTGGTGCC3’
4  MJK2FONX(B2) 24 50 CCGTTTTATTTCCAGCTTGGTCCC 3
5 MJIKAFONX(B3) 24 500 CCGTTTTATTTCCAACTTTGTCCC3’
6 MJIKAFONX(B4) 24 500 CCGTTTCAGCTCCAGCTTGGTCCC3’
7 VK2BACK(B[) 24 500 GACATTGAGCTCACCCAGTCTCCA3’
8 LINKFOR(D2) 24 500 TGGAGACTGGGTGAGCTCAATGTC3’
9 LINKFOR(D1) 24 500 GGGACCACGGTCACCGTCTCCTCA3’
10 VH1BACKS(i(C) 56 50 GTCCTCGCAACTGCGGCCCAGCCGGCCATCGCC
CAGGTSMARCTGCAGSAGTCWGG 3°
11 JKINOTI1O(CLL) 42 50 GAGTCATTCTGCGGCCGCCCGTTTGATTTCCAGCT
TGGTGCC3’
12 JKINOT10(CL 42 500 GAGTCATTCTGCGGCCGCCCGTTTTATTTCCAGCT
2) TGGTCCC 3’
13 JKINOT10(CII[] 42 500 GAGTCATTCTGCGGCCGCCCGTTTTATTTCCAACT
3) TTGTCCC3’
14 JKINOT10(CL 42 50GAGTCATTCTGCGGCCGCCCGTTTCAGCTGCAGCTT
4) GGTCCC3
15 LINKBACK(D) 69 50 GGGACCACGGTCACCGTCTCCTCAGGTGGAGGCG
GTTCAGGCGGAGGTGGCTCTGGCGGTGGCGAGTCG3’
16 LINKFOR(DLI) 69 50 TGGAGACTGGGTGAGCTCAATGTCCGATCCGCCA
CCGCCAGAGCCACCTCCGCCTGAACCGCCTCCACCY
17 URP 22 5[0 ACAGGAAACAGCTATGACCATGY

M=AorC;R=AorG;S=GorC; W=AorT.
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Figure 1. Evaluation of total RNA quality extracted from hybridoma cells
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Figure 5. Enzymatic digestion results of positive clones in PCR test. Lanes 1 and 2: positive clones
with fragment, Lane 3: negative clone.
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Figure 6. Protein expression results. A) SDS-PAGE results: Lane 1: protein sample before induction,
Lane 2: positive control containing the desired band, Lanes 3, 4, 5 and 6: total protein of 4 positive clones, M:
marker protein B) Western blotting results: Lane 1: total protein of the sample before induction, Lane 2: total
protein of one of the positive samples.

- WIHIPTG L oS conl LACZ g, J S o o, 54 oS 358 song b sl ol o2l )0 4 sotins
SoslS ol 5l am Etag sl « o] ol Vo ol axlad )l reus 40 00,5 Foolw (piigp gl JI5 g 0l Jaie
JUslS g3 (ol 5l bt 1) oS 5 eis il 5 Jlail (Sl 5 058 00 e ()5 ulign 42 45 35 ol o

Js8s0 s a5 ol ey BB Gloj gy (sanked 4 el S5 4y 03V glad go ol B DL iy S 50 o] e
(Albrecht et al., 2004; Choi & Lee, 2004) 5,.5 ;15 o\l sl colio syl o o G0

SDS-PAGE 5 lawgi oals ylo uiis p Slasiive s E. €Ol (6,551 10 SCFV sl JsSUge (3950 (ylo 5| e
b eizren 5 65955 Blod 5l ool e (JoSIge 059 b osd (e g n (JoNge (159 45 w0 S aiin 5 S8 D90
oaalin sandly (6l SIS b iz S50 onl ol o 4l 8 fs bllas oad 535 SOFV (sloJySlye sl
ol C-terminal isw jo E-tag ol 4y ailis oy G 09 0l ()l 0L (1 ol sl Sl sl Lules a5 0o )8
315 2058 ol 39 Gialel o 0ad sl JsSge ol Cople calpliy 5 il Sme |y S 1Sy ploxil ¢S
v JsSse b a8 ol ly B Sloj ooty gankad ol andl s oolinal obs, o E-tag as JUsS gige (goby 251

(Albrecht et al., 2004) 5 .5 |18 Lo 6l p caslio Loz )l S 0



carcinoembryonic .5 sl ade SCFV (slo iy 5 oS 598 JUslS gige (sob 5T oylo g oyelS 125

A5 S at
ogdle CEA 5 5l e SCFV oS 553 gob il el 3o,k 51 a8 ols (Lt Sliioss 7,k (nl gl aodls ysboa
392y e JalS” (o8l 55T 031l oty 55 030 4 3] o3l L2alS Sl el S ool 5 JUglS gige (ol T Sy el
L S 5y a3 50 abgipe 038l 4 Jlail 5 lolid ol (ol il ol slaise i pf) e 5 o)l
izt g el abgye (58] 4 polats] Jlail 5 asis 4 0B oS 9 ol E ez g, onl 5ol ey )8

a3 oo (el (5l eaiiS e sladghe 4 ok yge 4 1) Sleys Jalse ple g lag)ls il s

&) Pl

O058) w88 Sz (555l ) 5 S e o olKtmgy o Ladlon olKtmgyy 511 055 Jlo,a8 il pe aliws (o
£l0 0 plel Gmliwl.oj S|

&3l (o ,la

Bl 3925 28l B ,le5 5o e

&bw

Agrawal, S., A. Gupta, S. Gupta, B. Goyal, R. A. T. Siddeek, D. Rajput, U. Chauhan, S. Kishore, M. Gupta and
R. Kant (2020). "Role of carbohydrate antigen 19-9, carcinoembryonic antigen, and carbohydrate antigen
125 as the predictors of resectability and survival in the patients of Carcinoma Gall Bladder." Journal of
Carcinogenesis 19.

Albrecht, H., P. A. Burke, A. Natarajan, C.-Y. Xiong, M. Kalicinsky, G. L. DeNardo and S. J. DeNardo (2004).
"Production of soluble ScFvs with C-terminal-free thiol for site-specific conjugation or stable dimeric ScFvs
on demand." Bioconjugate chemistry 15(1): 16-26.

Borghaei, H., M. K. Robinson and L. M. Weiner (2006). Monoclonal antibody therapy of cancer. Immunotherapy
of Cancer, Springer: 487-502.

Choi, J. and S. Lee .(2004). Secretory and extracellular production of recombinant proteins using Escherichia coli."
Applied microbiology and biotechnology 64(5): 625-635.

Ghasemi, F., A. Zomorodipour, S. Shojai, F. Ataei, M. Khodabandeh and M. H. Sanati (2004). "Using L-arabinose
for production of human growth hormone in Escherichia coli, studying the processing of glll:: hGH
precursor."

Hall, C., L. Clarke, A. Pal, P. Buchwald, T. Eglinton, C. Wakeman and F. Frizelle (2019). "A review of the role
of carcinoembryonic antigen in clinical practice." Annals of Coloproctology 35(6): 294.

Hammarstrom, S. (1999). The carcinoembryonic antigen (CEA) family: structures, suggested functions and
expression in normal and malignant tissues. Seminars in cancer biology, Elsevier.

Kriangkum, J., B. Xu, L. P. Nagata, R. E. Fulton and M. R. Suresh (2001). "Bispecific and bifunctional single
chain recombinant antibodies." Biomolecular engineering 18(2): 31-40.

Loud, J. T. and J. Murphy (2017). Cancer screening and early detection in the 21st century. Seminars in oncology
nursing, Elsevier.

Mohr, L., A. Yeung, C. Aloman, D. Wittrup and J. R. Wands (2004). "Antibody-directed therapy for human
hepatocellular carcinoma.” Gastroenterology 127(5): S225-S231.



Pucca, M. B., T. B. Bertolini, J. E. Barbosa, S. V. R. Galina and G. S. Porto (2011). "Therapeutic monoclonal
antibodies: scFv patents as a marker of a new class of potential biopharmaceuticals." Brazilian Journal of
Pharmaceutical Sciences 47(1): 31-38.

Raivio, T. L. and T. J. Silhavy (2001). "Periplasmic stress and ECF sigma factors." Annual review of microbiology
55: 591.

Sahlmann, C. O., K. Homayounfar, M. Niessner, J. Dyczkowski, L. C. Conradi, F. Braulke, B. Meller, T.
BeilRbarth, B. M. Ghadimi and J. Meller (2017). "Repeated adjuvant anti-CEA radioimmunotherapy after
resection of colorectal liver metastases: Safety, feasibility, and long-term efficacy results of a prospective
phase 2 study." Cancer 123(4): 638-649.

Shim, H. (2020). "Bispecific antibodies and antibody—drug conjugates for cancer therapy: technological
considerations.” Biomolecules 10(3): 360.

Sompunga, P., N. Pruksametanan, K. Rangnoi, K. Choowongkomon and M. Yamabhai (2019). "Generation of
human and rabbit recombinant antibodies for the detection of Zearalenone by phage display antibody
technology." Talanta 201: 397-405.

Song, P., Q. Pan, Z. Sun, L. Zou and L. Yang (2022). "Fibroblast activation protein alpha: Comprehensive
detection methods for drug target and tumor marker.” Chemico-Biological Interactions 354: 109830.

Spindler, K.-L. G., C. Demuth, B. S. Sorensen, J. S. Johansen, D. Nielsen, N. Pallisgaard, E. Hoegdall, P. Pfeiffer
and B. Vittrup Jensen (2018). "Total cell-free DNA, carcinoembryonic antigen, and C-reactive protein for
assessment of prognosis in patients with metastatic colorectal cancer.” Tumor Biology 40(11):
1010428318811207.

Ten Haaf, A., S. Pscherer, K. Fries, S. Barth, S. Gattenléhner and M. K. Tur (2015). "Phage display-based on-
slide selection of tumor-specific antibodies on formalin-fixed paraffin-embedded human tissue biopsies.”
Immunology letters 166(2): 65-78.

Xiang, W., Q. Lv, H. Shi, B. Xie and L. Gao (2020). "Aptamer-based biosensor for detecting carcinoembryonic
antigen.” Talanta 214: 120716.

Yaghoubi, N., F. Z. Avval, M. Khazaei, A. Sahebkar and S. H. Aghaee-Bakhtiari (2022). "High diagnostic and
prognostic value of miRNAs compared with the carcinoembryonic antigen as a traditional tumor marker."
Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents)
22(2): 206-214.



98 / The Quarterly Scientific Journal of Applied Biology, VVolume 35, Issue 4, Ser. 74, Winter 2023

Cloning and expression of recombinant scFV monoclonal antibody against

carcinoembryonic antigen

M. Salavatifar*!

Received: 2022.6.25
Accepted: 2022.10.12

Abstract

Introduction: Recombinant antibody technology has revolutionized the production and use of these kinds of
antibodies and removed some of the hybridoma technology limitations. Monoclonal antibodies have high potentials as
diagnostic and therapeutic agents, especially in targeting cancer cells, but their uses has been limited due to their large
sizes. The special structure of different regions of antibodies allows them to be divided into efficient subunits, which
can combine to form new molecules with efficient properties The reduced size of scFv molecules have many
advantages compared to the primary antibodies. The most important of advantages is the reduction of immune response
compare to complete mouse antibodies due to the lack of constant fragments. Methods: In this study, the variable
regions of gene of carcinoembryonic tumor marker monoclonal antibody were constructed as scFV and cloned into
the phagemid vector. Then its specificity was investigated by the western blotting test. The scFV gene was successfully
constructed. Then cloning and expression was performed. Finally, its specificity was confirmed by western blotting.
Results: The recombinant scFV antibody expressed in this study, due to size change, was able to specifically identify
the carcinoembryonic tumor marker, and therefore it can be used in the diagnosis of some cancers. Discution: This
recombinant antibody was specifically capable of carcinoembryonic tumor marker recognition. Therefore, it can be
applied to some cancers diagnosis and monitoring. In addition, this method can be used to synthesize scFV-type

recombinant antibodies against other antigens. So that they can be used in various diagnostic tests and treatments.
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