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Abstract
Intravascular hemolysis occurs in many hematologic disorders which results in free hemoglobin (Hb). Haptoglobin (Hp) is

an acute-phase plasma glycoprotein that binds free Hb to prevent its oxidative damages. Due to the safety issues related to

the plasma-derived proteins, the production of Hp using recombinant DNA technology is considered as an alternative

source. In this study, Hp gene was isolated from HepG2 cell line and cloned into pcDNA3.1(?) vector. Gene cloning was

confirmed with colony PCR, restriction digestion and DNA sequencing. CHO cells were transfected with the construct, and

finally a stable CHO cell line expressing human recombinant Hp (rHp) was established. The expression of rHp was

confirmed with RT-PCR and Western blot analyses both at mRNA and protein levels. This is the first report of establishing

a stable CHO cell line expressing human rHp as a primary step toward future rHp clinical applications.
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1 Introduction

Hemolytic anemia such as sickle cell anemia, thalassemia,

paroxysmal nocturnal hemoglobinuria (PNH), pyruvate

kinase deficiency, ABO mismatch transfusion reaction, etc.

(Rother et al. 2005) is a pathologic condition mainly

associated with red blood cell hemolysis. Older stored

blood transfusion accelerates intravascular hemolysis that

leads to the hemoglobin (Hb) release in blood circulation,

reactive oxygen species (ROS) formation reactions

(Alayash et al. 2013; Buehler et al. 2011) and inflammation

(Rother et al. 2005). Free Hb may cause many life-

threatening complications including transfusion-associated

lung injury, pulmonary hypertension, post-perfusion renal

and cerebral dysfunctions and aged blood-associated mor-

tality in trauma (Buehler et al. 2011; Silverman and

Weiskopf 2009).

However, human physiological system has been evolved

in the way that expresses chaperon proteins responsible for

the free Hb detoxification. Chief among these is hap-

toglobin (Hp) that is the first line of defense against

intravascular hemolysis (Alayash 2011). Hp is an acute

phase plasma glycoprotein (Raijmakers et al. 2003, Lim

et al. 2000) with an exceptionally high binding affinity to

Hb (Kd * 1910-15 mol/L) that protects tissues from free

Hb-mediated oxidative damages (Wang et al. 2014). Hp is

mainly synthesized by liver, and further secreted into the

plasma (Lim et al. 2000; Nantasenamat et al. 2013; Raij-

makers et al. 2003). Synthesized in hepatocytes as a single

polypeptide (proHp) containing ab chains, Hp’s unusual

proteolytic cleavage in endoplasmic reticulum is mediated

by complement C1r-like protein (C1r-LP) prior to its

entrance to the Golgi apparatus (Nielsen et al. 2007;

Wicher and Fries 2004). Upon co-translational dimeriza-

tion, the final tetrameric Hp protein structure will be

formed consisting of two 9-kDa a-chains and two 33-kDa
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b-chains. In humans, one disulfide bond links the a and the

b chains, and the second one crosslinks the a-chains of the
ab dimers (Hwang and Greer 1980; Kurosky et al. 1998;

Wicher and Fries 2010).

In addition to the main biological function of Hp as a

free Hb detoxifier, it can also play an important role in

other physiological processes such as acting as an anti-

inflammatory agent, antioxidant, angiogenic promoter, and

immune cell regulator (Nantasenamat et al. 2013).

Recent studies demonstrated that Hp could effectively

suppress the free Hb associated oxidative toxicity in both

guinea pig and dog models of hemolytic anemia and also

reverse the oxidative damages of old blood transfusion in

guinea pigs (Alayash et al. 2013; Baek et al. 2012; Buehler

et al. 2007). These findings revealed that Hp could act as a

potential therapeutic agent for the detoxification and

clearance of intravascular Hb in hemolytic disorders.

Interestingly, plasma-derived Hp is clinically administered

in Japan (Otterbein et al. 2003) for the treatment of burn

injuries, blood transfusion-mediated trauma and prophy-

lactic use prior to a number of surgeries (Hashizume et al.

1988; Miyoshi et al. 1991).

Unfortunately, Hp purification from plasma is a time-

consuming process that is associated with several limita-

tions such as the risk of virus and prion transmissions,

insufficient plasma sources (Eikelboom et al. 2003; Nillson

and Freiburghas 1993; Roberts et al. 2010) and hetero-

geneity of final purified product due to the allele variations

(Yueh et al. 2007).

Alternatively, Hp protein could be produced through

recombinant DNA technology. To date, rHp was expressed

in different hosts such as Escherichia coli, Saccharomyces

cerevisiae and Spodoptera frugiperda Sf9 insect cells (van

der Straten et al. 1986a, b; Heinderyckx et al. 1988–1989).

However, the rate of expression was very low in E. coli and

yeast (van der Straten et al. 1986a, b), and all these hosts

lack the ability of cleaving proHp into the mature rHp

protein (Heinderyckx et al. 1988; van der Straten et al.

1986a, b).

On the other hand, post-translational modifications,

especially glycosylation patterns, are critical in the for-

mation of Hp–Hb complex. Researchers have shown that

the removal of 40% of Hp total carbohydrate prevents Hp–

Hb interactions (Kaartinen and Mononen 1988). The gly-

cosylation patterns of rHp expressed in the foregoing hosts

were not completely human-like. Furthermore, Lack of

sialic acid in protein glycosylation of baculovirus-infected

insect cells, high mannose glycosylation in yeast and no

glycosylation in E. coli has been reported as the major

drawbacks to produce mature rHp protein (Heinderyckx

et al. 1988; van der Straten et al. 1986a, b). Hence,

choosing an appropriate expression system would be a

promising strategy to produce functional rHp.

CHO cells are a suitable mammalian cell line capable of

carrying out the necessary post-translational modifications

which result in bioactive recombinant proteins compatible

with human physiological system. In addition, CHO cell

line is a proper host for the stable expression of human rHp

due to their genome instability, adaptability to various

culture conditions and less risk of contamination with

human viruses (Ghaderi et al. 2012; Kim et al. 2012). Thus,

it could be employed as a safe and efficient host for large-

scale production of therapeutic proteins (Boeger et al.

2005; Wiberg et al. 2006).

This study aims to establish a stable CHO cell line

capable of expressing human rHp that is considered as the

first attempt to exploit the therapeutic potentiality of human

rHp in the future to improve the health status of hemolytic

patients.

2 Materials and Methods

2.1 Plasmid and Bacteria

pcDNA3.1(?) Plasmid (Invitrogen, USA) was used as a

shuttle vector, and E. coli TOP10 strain (Cinnagen, Iran)

was utilized as the cloning host.

2.2 Cell Culture

HepG2 (human hepatoma cell line) (Accession No:

IBRC C10096) and CHO (Chinese Hamster Ovary cell

line) (Accession No: IBRC C10136) were obtained

from Iran’s National Center of Genetic and Biological

Reservoirs. These cell lines were cultured in RPMI-

1640 medium (Gibco, Germany) containing 10% fetal

bovine serum (Gibco, Germany) supplemented with 100

U/ml penicillin and 100 lg/ml streptomycin (Gibco,

Germany).

2.3 Isolation and PCR Amplification of Hp Gene

HepG2 cell line was used as a source for human Hp gene.

Total RNA was extracted using RNX-plus (Cinnagen, Iran)

reagent according to the manufacturer’s protocol. The

quality and quantity of RNA was determined by Nano drop

Spectrophotometer (Nanodrop, USA). Reverse transcrip-

tion was performed using AccuPower� PreMix (Bioneer,

Korea). Then, PCR was performed using Pfu DNA poly-

merase (Cinnagen, Iran) in eppendorf thermo cycler (Ep-

pendorf, Germany). Pfu DNA polymerase is an enzyme of

high fidelity which amplifies the gene of interest with high

accuracy and minimum error. Hp PCR primers were

designed based on the cDNA sequence of human Hp pre-

sent in the GenBank [Accession No: M69197 (Erickson
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et al. 1992)] which amplified a 1221-bp product. The for-

ward primer (50-GAGCTAGCATGGTGAGTGCCCTG
GGAGCTG-30) contained a kozak sequence and NheI

restriction site, and the reverse primer (50-AGCCT
CGAGTTAGTTCTCAGCTATGGTCTTCTG-30) con-

tained the restriction site for XhoI enzyme. The Hp

sequence was PCR-amplified under the following thermal

conditions: 2 min of initial denaturation at 94 �C followed

by 35 cycles with a denaturation step of 30 s at 94 �C, an
annealing step of 30 s at 62 �C and an extension step of

2 min and 40 s at 72 �C. The final extension step lasted for

7 min at 72 �C. Hp PCR product was analyzed on 1.5%

agarose gel to confirm its size and purity. Amplification of

b-actin gene (200-bp PCR product) was also performed

separately.

2.4 Preparation of Recombinant pcDNA3.1-Hp
Plasmid

To construct the recombinant plasmid, the amplified full-

length human Hp was cleaned up using high pure PCR

product purification kit (Roche, Germany). Both the PCR

product and pcDNA3.1(?) plasmid were digested with

NheI and XhoI restriction enzymes (Fermentase, USA).

Then, Hp gene was ligated into pcDNA3.1(?) plasmid

using T4 DNA ligase (Cinnagen, Iran) to construct

recombinant vector (pcDNA3.1-Hp). Finally, competent

E. coli TOP10 strain was transformed with pcDNA3.1-Hp.

The accuracy and orientation of the Hp gene in pcDNA3.1-

Hp was confirmed by colony PCR, restriction digestion and

DNA sequencing.

2.5 Transfection of CHO Cell Line
with pcDNA3.1-Hp Recombinant Vector

pcDNA3.1-Hp was linearized using BglII restriction

enzyme (Fermentase, USA). Then, CHO cells were see-

ded and upon reaching 80% confluency, were transfected

with 1.5 lg of linearized pcDNA3.1-Hp (CHO-Hp) using

X-tremeGENE HP DNA transfection reagent (Roche,

Germany) according to the manufacturer’s instruction.

Additionally, CHO cells transfected with empty vector

(CHO-V) were used as control group. For stable expres-

sion, the transfected cells were selected following culti-

vation in a selective medium containing 200 lg/ml

geneticin (Bio Basic, Canada). Single clones of

stable CHO cells transfected with pcDNA3.1-Hp (CHO-

Hp) were selected after their subsequent cultivation in

96-well culture plates. Geneticin-resistant clones were

chosen at the 10th and 20th passages in order to verify the

stable expression of human recombinant Hp by RT-PCR

and western blot analyses.

2.6 RT-PCR Analysis of rHp Expression

RT-PCR was performed using Taq DNA polymerase

(Bioneer, Korea) to investigate the expression of rHp at

mRNA level in transfected CHO cells. Hp internal primers

included the forward (50-GTATGTCATGCTGCCTGTGG-
30) and the reverse (50-AGATCCCAGTCGCATACCAG-
30) which amplified a 233-bp product. PCR amplification

using internal primer was performed according to the fol-

lowing program: initial denaturation at 95 �C for 5 min

followed by 35 cycles of denaturation at 95 �C for 30 s,

annealing at 55 �C for 30 s and extension at 72 �C for 30 s.

The final extension step at 72 �C lasted for 5 min.

PCR program with total primer (1221-bp PCR product)

included 30 s at 95 �C for denaturation, 30 s at 60 �C for

annealing and 1 min at 72 �C for extension repeated for 32

cycles. For normalization, expression of b-actin was

examined.

2.7 Western Blot Analysis of rHp Expression

Cell culture supernatants of CHO-Hp and CHO-V (nega-

tive control) were collected and concentrated using

Vivaspin�6 Centifugal Concentrator equipped with a

3 kDa-cut-off filter (Sartorius, Germany). The elec-

trophoretic separation of protein samples was carried out

on a 12.5% sodium dodecyl sulfate (SDS) polyacrylamide

gel. Then, the protein bands were subsequently trans-

blotted onto a PVDF membrane (Hi-bond Amersham

Biosciences, USA) using the Semi-dry western blot system

(PeQLab, Germany). The membrane was blocked with 5%

skim milk solution for an overnight. The blocked mem-

brane was washed with phosphate buffer saline (PBS). In

order to detect the Hp protein band, the membrane was

incubated with rabbit monoclonal anti-human Hp b-chain
antibody (Abcam, England) at 25 �C. Next, the membrane

was washed with PBS containing 0.1% Tween-20 (PBST),

and incubated with polyclonal goat anti-rabbit horseradish

peroxidase (HRP)-coupled secondary antibody (Cell Sig-

nalling, USA). At the following stage, the membrane was

washed with PBST and further developed with ECL

western blotting substrate kit (Abcam, England). Finally,

ChemiDoc XRS ? system (Biorad, USA) and Image Lab

software (Biorad, USA) were used for imaging.

3 Results

3.1 pcDNA3.1-Hp was Successfully Cloned

Full-length human Hp cDNA (1221 bp) was amplified with

Pfu DNA polymerase (Fig. 1). Then, the isolated gene was

Iran J Sci Technol Trans Sci (2018) 42:1097–1103 1099

123



cloned into pcDNA3.1(?) vector and transformed into the

competent E. coli TOP10 strain. pcDNA3.1(?) shuttle

vector was used for both cloning and expression.

Colony PCR (Fig. 2a), restriction digestion (Fig. 2b)

and DNA sequencing (data not shown) of recombinant

pcDNA3.1-Hp plasmid confirmed the correct identity and

orientation of the Hp insert inside the vector.

3.2 CHO Cells Stably Expressed Human rHp
at Both mRNA and Protein Levels

pcDNA3.1-Hp was transfected to CHO cells using X-tre-

meGENE HP DNA transfection reagent(CHO-Hp). CHO-

Hp single cell clones were identified under the selective

pressure of 200 lg/ll geneticin. RT-PCR analysis showed

that CHO-Hp could express human rHp at mRNA level at

the 10th and 20th passages, but there was no rHp expres-

sion in CHO-V (negative control). The expected size of the

rHp PCR products were 233 bp using internal primer and

1221 bp using total primer sets (Fig. 3a, b).

To detect the expression of rHp at protein level, the

concentrated supernatant of CHO-Hp cells at the 10th and

20th passages was collected and prepared for western blot

analysis. The results showed that CHO-Hp cells expressed

rHp protein, while CHO-V control group did not (Fig. 4a,

b).

Fig. 1 Isolation of human Hp

gene from HepG2 cell line.

Human Hp gene (1221 bp) was

isolated from HepG2 cells by

RT-PCR. b-Actin was used as

internal control

Fig. 2 Cloning of human Hp into pcDNA3.1 plasmid. a Colony PCR

of 8 randomly-selected plasmids. Bacterial colonies No. 1, 3 and 4

contained human Hp gene. b Digestion of the extracted plasmids with

restriction enzymes. M: 1 kbp DNA marker, Lane 1: digested

recombinant plasmid, Lane 2: un-digested recombinant plasmid and

Lane 3: empty undigested vector. The 1221 bp band confirmed the

insertion of Hp into pcDNA3.1 plasmid

Fig. 3 RT-PCR analysis of human rHp expression in CHO-Hp cells at

the 10th and 20th passages. a Lane 1: RT-PCR of rHp expression in

CHO-Hp using internal primers at the 10th passage. Lane 2: rHp RT-

PCR product of CHO-V using internal primers. M: 100 bp DNA

marker. Lane 3: rHp RT-PCR product of CHO-V using total primers.

Lane 4: RT-PCR of rHp expression in CHO-Hp using total primers at

the 10th passage. b-Actin was used as internal control. b Lane 1: RT-

PCR of rHp expression in CHO-Hp using internal primers at the 20th

passage, Lane 2: rHp RT-PCR product of CHO-V using internal

primers. M: 100 bp DNA marker, Lane 3: rHp RT-PCR product of

CHO-V using total primers. Lane 4: RT-PCR of rHp expression in

CHO-Hp using total primers at 20th passage. b-actin was used as

internal control. Transfection of CHO cells with recombinant

pcDNA3.1-Hp resulted in stable expression of human rHp at mRNA

level while no expression was detected in transfected CHO cells with

empty pcDNA3.1 vector

Fig. 4 Western blot analysis of rHp expression in CHO-Hp cells at

10th and 20th passages. a Lane 1: Concentrated supernatant of CHO-

V cells. Lane 2: Concentrated supernatant of CHO-Hp cells at the

10th passage. Lane 3: Concentrated supernatant of CHO-Hp cells at

the 20th passage. b b-Actin was used as control for both CHO-V and

CHO-Hp at the 10th and 20th passages. Transfection of CHO cells

with recombinant pcDNA3.1-Hp resulted in expression and secretion

of human rHp protein while no protein expression was detected in

transfected CHO cells with empty pcDNA3.1 vector. Western blot

was performed using Hp b chain specific monoclonal antibody
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4 Discussion

Potential therapeutic application of Hp for the inactivation

and clearance of free Hb has been of great clinical

importance in detoxification of extracellular Hb associated

with blood transfusion, malaria, sickle cell disease and

other hemolytic anemia (Alayash et al. 2013; Wang et al.

2014). Since Hp purification from plasma is a challenging

task, the production of rHp through advanced biotechno-

logical techniques might be a viable alternative and rea-

sonable strategy with regard to the future employment in

clinical settings.

In the present study, human Hp gene was isolated from

HepG2 cell line. Then, pcDNA3.1 shuttle vector was used

for cloning Hp gene in E. coli, and finally rHp was

expressed in CHO cells, a mammalian cell line capable of

expressing mature human-compatible glycoproteins in their

secretory forms. The expression of rHp was consequently

confirmed both at transcriptional and translational levels.

In this study, CHO cell line was employed as a new

expression host. CHO cells are able to carry out post-

translational modifications which would result in compat-

ible, bioactive and stable proteins in humans (Kim et al.

2012). Specifically, the protein glycosylation patterns of

CHO cell line is very similar to that of humans (Ghaderi

et al. 2012). Less immunogenicity and less risk of human

virus contamination makes it the most preferred host cell

line for the production of therapeutic proteins. In addition,

due to their genome instability and capability of adapting

to suspension culture, CHO cells are considered as a suit-

able machinery choice for large scale production of

recombinant biologics (Boeger et al. 2005; Wiberg et al.

2006).

rHp was produced in different expression systems. van

der Straten et al. expressed human rHp in S. cerevisiae.

They transformed yeast with two recombinant plasmids,

i.e., pRIT12597 and pRIT12598. Their study showed that

not only the yeast cells poorly expressed the rHp protein,

but they also were not capable of secreting this protein into

the culture medium (van der Straten et al. 1986a). Other

drawbacks of yeast expression system include lack of

human-like glycosylation, high immunogenicity of the

recombinant product due to hyper-mannosylation, lack of

terminal sialic acid and the decreased or absent amount of

fucose (Ghaderi et al. 2012).

In another study, van der Straten et al. expressed human

Hp in E. coli. Various human Hp cDNA fragments were

cloned in pCQV2 expression vector. Then, E. coli bacteria

were transformed with the recombinant vector. The rHp

expressed in the E. coli system was a truncated non-gly-

cosylated protein aggregated in the form of inclusion

bodies; therefore, additional steps of resolubilization and

refolding will be definitely required for obtaining a func-

tional high-quality protein (van der Straten et al. 1986b).

Generally, bacterial expression systems lack enzymatic

machinery and compartmentalization required for mam-

malian-type glycosylation (Ghaderi et al. 2012). Unfortu-

nately, immature non-glycosylated rHp expressed in

prokaryotic expression systems is not a proper choice for

therapeutic use.

Lai et al. expressed human Hp subunits in E. coli to

delineate major antioxidant domain of Hp. They cloned

cDNA of Hp subunits in pQE30 expression vector, and

expressed the construct in E. coli. Their results showed that

all subunits were primarily expressed in the form of

inclusion bodies (Lai et al. 2007). This study supported the

previous findings that declared recombinant protein

aggregation and inclusion body formation occurs in E. coli

expression system (Khow and Suntrarachun 2012; van der

Straten et al. 1986b).

Expression of human rHp was also reported by Hein-

deryckx et al. They utilized baculovirus Autographa cali-

fornica nuclear polyhedrosis virus (AcNPV) as an

expression vector. Insect cells were transfected with

AcNPV vectors carrying the pre-proHp cDNA using cal-

cium phosphate. Their expression system resulted in high

levels of un-cleaved glycosylated pro-Hp in the culture

medium. Lacking subunit maturation, the secreted recom-

binant pro-Hp was able to bind Hb in vitro albeit less

efficiently than plasma-derived Hp (Heinderyckx et al.

1988–1989).

One serious issue regarded to the insect expression

system is the lack of complex-type glycans with terminal

sialic acids that makes the insect cells inappropriate hosts

to produce human proteins for therapeutic purposes (Gha-

deri et al. 2012). Heinderyckx’s group transfected S. fru-

giperda Sf9 insect cells using calcium phosphate. Herein,

CHO cells were transfected with a cationic non-liposomal

transfection reagent called x-tremeGENE HP DNA trans-

fection reagent which is highly recommended for the

generation of stable cell lines. It shows low toxicity and

high rate of transfection compared with calcium phosphate

conventional method.

In conclusion, we took the first step toward the pro-

duction of therapeutic rHp through the establishment of a

stable CHO cell line capable of expressing human rHp. We

confirmed that the CHO cell line expressed rHp both at the

transcriptional and translational levels. Interestingly, we

showed that rHp was successfully secreted into the CHO

culture medium that indicated the functional expression of

human rHp in eukaryotic expression system.

To the best of our knowledge, this is the first report of

establishing a stable CHO cell line expressing human Hp in

its secretory form. However further studies are required

with regard to rHp purification, its biological
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characterization, large scale protein production, in vivo

studies and hopefully future clinical trials.
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