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ABSTRACT

Purpose: Recombinant tumor necrosis factor-alpha (TNF-α) has been utilized as an
antineoplastic agent for the treatment of patients with melanoma and sarcoma. It targets
tumor cell antigens by impressing tumor-associated vessels. Protein purification with
affinity chromatography has been widely used in the downstream processing of
pharmaceutical-grade proteins. Methods: In this study, we examined the potential of our
produced anti-TNF-scFv fragments for purification of TNF-α produced by Raji cells.
he Raji cells were induced by lipopolysaccharides (LPS) to express TNF-α. Western
blotting and Fluorescence-activated cell sorting (FACS) flow cytometry analyses were
used to evaluate the TNF-α expression. The anti-TNF-α scFv selected from antibody
phage display library was coupled to CNBr-activated sepharose 4B beads used for
affinity purification of expressed TNF-α and the purity of the protein was assessed by
SDS-PAGE. Results: Western blot and FACS flow cytometry analyses showed the
successful expression of TNF-α with Raji cells. SDS-PAGE analysis showed the
performance of scFv for purification of TNF-α protein with purity over 95%.
Conclusion: These findings confirm not only the potential of the produced scFv
antibody fragments but also this highly pure recombinant TNF-α protein can be applied
for various in vitro and in vivo applications.

Introduction
Cytokines, as low molecular-weight signaling
molecules, are biologically functional in markedly low
amounts. They play central roles upon the activity
immune system, inflammation and cell growth. Of the
cytokines, tumor necrosis factor alpha (TNF-α)
possesses pleomorphic resulting in pivotal impacts on
biological functions including inflammation, cell
propagation, differentiation, immune regulation in
addition to its ability to induce apoptosis within the
tumor-associated endothelial cells.1,2 It is mainly
expressed by monocytes/macrophages,3 even though
other cells (T-lymphocytes, natural killer (NK) cells,
astrocytes, fibroblasts, Kupffer cells, keratinocytes,
smooth-muscle cells) as well as tumor cells can express

TNF-α.4 The mature human TNF-α is a 157 amino acid
(AA) protein (17 kDa) with an isoelectric point of 5.8,
which contains one disulfide-bond (Cys69-Cys101). It
is normally processed from a precursor form called
transmembrane (a type II transmembrane protein with
26 kDa, 233 AA) revealing no glycosylation.5
Recombinant TNF-α has been harnessed as an
antineoplastic agent alone or in combination with a
conventional chemotherapy agent for the treatment of
patients with melanoma and sarcoma.6-8 It is able to
induce apoptosis within the tumor-associated
endothelial cells, resulting in complete eradication of
the tumor vasculature.8,9 Nevertheless, because of
vasoplegia induction (also known as systemic
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inflammatory response), the therapeutic use of TNF in
clinic was limited,7 while most of clinical phases
revealed that TNF alone cannot effectively suppress the
growth of tumor. Besides, TNF has several in vitro
applications such as Enzyme-linked immunosorbent
assay (ELISA), biopanning and Western blotting.
We have previously produced anti-TNF-α scFv
antibody fragments using phage display technology.10
To examine the potential of these scFvs as ligate for
affinity purification of expressed TNF-α, in the current
study we stimulated Raji cells with lipopolysaccharide
(LPS) that can elicit macrophages to produce TNFα,11,12 and exploit the scFvs for purification of the
induced TNF-α. Figure 1 represents schematic
illustration for upstream production of TNF in Raji
cells and downstream affinity purification process for
the expressed TNF molecules.

Figure 1. Schematic representation for upstream (A) and
downstream (B) processing of TNF-α.

Materials and Methods
Culture of Raji Cell for induction of TNF expression
Human B-lymphoblastoid cells (Raji cell line)were
cultured in T75 flasks and grown overnight in 18 ml
RPMI-1640 medium supplemented with 10% heatinactivated fetal bovine serum (FBS) in a tissue culture
incubator humidified with a 5% CO2 at 37oC. Then,
cells were induced to produce TNF-α by addition of 10
µg/mL LPS (Sigma Chem. Co., St. Louis, MO, USA).
Cells were washed twice with cold PBS (pH 7.4) and
incubated with the cell lysis buffer (PBS that contained
1% NP40, 0.5% sodium deoxycholate, 0.1% SDS, and
0.01% protease inhibitor cocktail) at 4ºC for 1 h. After
centrifugation, the supernatant was collected and TNFα concentration was determined using Western blotting
and Fluorescence-activated cell sorting (FACS)
methods.
Western blotting analysis; assessment of TNF-α
expression
Sodium
dodecyl
sulfate
polyacrylamide
gel
electrophoresis (SDS-PAGE) analysis was conducted
to determine the TNF-α expression in Raji cells. Cell
20
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lysates were mixed with sample buffer and separated
by electrophoresis on reduced condition onto 12% gels.
The protein profiles were electrically transferred on
Polyvinylidene fluoride (PVDF) membrane (Millipore,
Billerica, MA, USA) using transfer buffer (25 mM
Tris, 193 mM glycine, and 20% methanol). The
membrane was then blocked with the blocking solution
and incubated with anti-TNF-α scFv monoclonal
antibody (mAb), followed by incubation with anti-myc
and HRP-conjugated anti-mouse IgG antibodies. After
extensive washing, the protein bands were visualized
by enhanced chemiluminescence (ECL; Amersham
Biosciences, Freiburg, Germany) substrate.
Flow cytometry analysis using FITC conjugated scFv
For analysis of induced Raji cells for TNF-α
expression, we harnessed the flow cytometry analysis
using FITC conjugated scFv antibody fragments. To
this end, we first purified scFv antibody fragments as
described previously through antibody phage display
technique10 and then conjugated these scFvs with
fluorescein isothiocyanate (FITC) (Sigma Chemical
Co., St. Louis, MO, USA). Briefly, anti-TNF-α scFv
was dialysed against 0.1 M sodium carbonate buffer,
pH 9 overnight at 4°C.The FITC was dissolved in
anhydrous DMSO (Sigma Chemical Co., St. Louis,
MO, USA)at 1 mg/mL and added to1 mg/mL protein
while gently and continuously stirring the protein
solution and incubated in the dark for 8 h at 4°C. After
addition of NH4Cl to a final concentration of 50 mM,
the reaction incubated for 2 h at 4°C. Gel filtration was
used to separate the unbound FITC from the FITCconjugated scFvs.13,14
For FACS flow cytometry analysis, the LPS induced
Raji cells were incubated with 1 mL of FITC labeled
scFv at 1:1000 dilution for 1 h. After washing with
PBS containing 10% FBS, to assess the fluorescence
intensity, 10000 events were measured for each sample
using FACSCalibur and analyzed with CellQuest Pro
software (Becton Dickinson Biosciences, San Jose, CA,
USA).
Preparation of scFv-coupled sepharose column
Affinity purified scFv was coupled to CNBr-activated
sepharose 4B beads(Sigma Chemical Co., St. Louis,
MO, USA) for preparation ofthe affinity column.
Purified scFv antibodyfragments were dialyzed against
coupling buffer (0.2 M NaHCO3, 0.5 M NaCl, pH 9.0)
overnight at 4°C. Sepharose beads were then
introduced to 1 mM HCl and washed with coupling
buffer. ThescFv antibody fragments were added to
resin, incubated overnight at 4oC and blocked
withblocking buffer (200 mM Glycine, pH 8.0).15
Antibody-coupled sepharose was transferred to column
and washed (3×) with PBS.
Purification of TNF-α
TNF-αexpressed Raji cell lysates were dialyzed against
PBS buffer (pH 7.4) and loaded on column. The bound
Copyright © 2013 by Tabriz University of Medical Sciences
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proteins were eluted using elution Buffer (100 mM
Glycine, pH 2.5) and neutralized with 2 M Tris, pH 8.0.
The purity was assessed by SDS-PAGE.

fluorescence intensity of the TNF-α expressed by Raji
cells and captured by FITC labeled scFvs.

SDS-PAGE analysis of purified protein
SDS-PAGE analysis was performed for the purity
assessment of the eluted protein. The collected protein
fractions were subjected to electrophoresis in 12%
SDS-PAGE on reduced condition.
Protein bands were visualized by Coomassie blue
staining technique.
Results
Western blotting analysis for functional assessment of
TNF-α expression
The Raji cell lysates were resolved by 12% SDS-PAGE
on reducing condition and electrically transferred onto
the PVDF membrane. The membrane was probed with
anti-TNF-α scFv, anti-myc and HRP conjugated antimouse IgG antibodies. The ECL substrate was used for
the visualization of protein bands. Figure 2 represents
the Western blot analysis of the expressed TNF-α in
Raji cells, showing the presence of a TNF-α protein
band with a molecular weight of 17 KDa.

Figure 2. Western blot analysis of TNF-α in Raji cell lysates.
Cultured human Raji cells were stimulated with 10 mg/mL LPS.
SDS-PAGE was subjected onto cell lysates and blotted onto
PVDF membrane. Lanes 1 and 3: Control. Lane 2: The
detected band showing induction of the TNF-α.

FACS flow cytometry analysis for assessment of TNFα expression
After induction of Raji cells with LPS for TNF-α
expression, the cells were incubated with 1 mL of FITC
labeled scFv at 1:1000 dilution for 1 h and washed with
PBS containing 10% FBS. Figure 3 represents the
Copyright © 2013 by Tabriz University of Medical Sciences

Figure 3. The fluorescence intensity of the TNF-α expressed
by Raji cells and captured by FITC labeled scFvs.

Purification of TNF-α from crude protein extract
Purified scFv was coupled to CNBr-activated sepharose
4B beads and used for purification of expressed TNF-α
from Raji cell lysates. After dialysis of cell lysates
against PBS buffer, pH 7.4, the protein was loaded on
column. The purity of eluted protein was analyzed by
SDS-PAGE. The purity of protein was up to 95%.
Figure 4 represents the electrophoretic pattern of
purified TNF-α with CNBr-activated sepharose 4B
beads, showing the major band at a molecular weight of
approximately 17kDa.

Figure 4. Electrophoretic pattern of purified TNF-α with CNBractivated sepharose 4B beads. Expressed Raji cells lysates
was dialyzed against PBS buffer, pH 7.4 and loaded on column
containing coupled purified scFv-CNBr-activated sepharose 4B
beads. The purity of eluted protein was analyzed by SDSPAGE which was up to 95%. The major band at a molecular
weight of approximately 17 kDa related to TNF-α protein was
observed. Lane 1: Crude protein extract before
chromatography, Lane 2: Pure elution fraction. Lane 3: Protein
size marker. The gel was stained with Coomassie Blue R-25.
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Discussion
Recombinant TNF-α has various applications in clinic
as well as research studies. In clinic, it has been utilized
as an antineoplastic agent either alone or in
combination with chemotherapy for the treatment of
patients with melanoma and sarcoma.6-8 It targets tumor
cells
and
suppress
the
tumor-associated
microvasculature.8,9 Nevertheless, it can induce
vasoplegia that has some implications. Thus, its
therapeutic use in clinic confined to administration
through the limb perfusion.7 In research, however it has
been widely used for designing several tests such as
ELISA, biopanning and Western blotting.
To produce ultra-pure TNF-α, in the current study, we
have induced Raji cells with LPS to express the TNF-α.
LPS simulate TNF expression through LPS dependent
pathway.16 The performance of such upstream
bioprocessing (Figure 1) was further determined by
Western blotting and FACS flow cytometry analysis.
Western blot analysis of the TNF-α expression
identified the prominent 17 kDa band as human TNF-α,
representing the successful expression of TNF-α
protein (Figure 2).
Having capitalized the phage display technology, we
have previously produced a high affinity scFv antibody
fragments against TNF-α.10 We utilized these scFvs for
detection and purification of TNF-α (Figure 1). The
expression of the TNF-α in the Raji cells induced by
LPS was confirmed by the FACS flow cytometry
analysis through conjugation of the anti-TNF-α scFvs
with FITC (Figure 3).Induction of TNF-α by LPS have
been reported in different cells.11,12,17,18
Chromatography technology is the fundamental
technique in all biopharmaceutical downstream
processing. In fact, affinity chromatography has great
impacts upon downstream processing of recombinant
proteins that are used as effective modalities for
different
diseases
particularly
for
the
immunotherapy.19-24 We harnessed the affinity
chromatography using our previously produced scFvs
for purification of expressed TNF-α in Raji cells. The
produced scFvs through antibody phage display
technology10 was immobilized onto the CNBr-activated
sepharose 4B and used for purification of expressed
TNF-α. The immobilized scFvs onto the CNBrSepharose, as the immuno-adsorbent, can be used
continuously for rapid purification of TNF-α from any
biological sources. The SDS-PAGE analysis showed a
high purity (over 95%) for the extracted protein in
elution fraction (Figure 4).
In fact, for capturing proteins with high purity, the
affinity chromatography method appears to be a simple,
one-step and time-efficient approach in comparison
with the other chromatography methods such as ion
exchange chromatography and gel filtration.25 We
utilized this technique to produce highly pure
recombinant TNF-α protein that can be applied
successfully in clinic and different immunostaining
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methods. Thus, we propose this approach as basic
technology for production of proteins therapeutics.
Conclusion
In conclusion, our results indicated that recombinant
TNF-α protein successfully expressed in Raji cells and
purified with the previously produced scFv, indicating
that this scFv can be used effectively in affinity
chromatography for production of ultra-pure
recombinant TNF-α.
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