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Abstract Interleukin-22 (IL-22) is a member of the IL-10

family. Its potential in clinical use has been highlighted for

its important roles in promoting antimicrobial defense and

preventing epithelial damages. Previous studies have

reported that IL-22 can be expressed using prokaryotic

systems and purified from inclusion bodies, however the

recovery rate was poor. To produce functional IL-22 with a

high yield, human IL-22 was inserted into the eukaryotic

expression vector pPICZaA and transformed into Pichia

pastoris. The expression of recombinant human IL-22

(rhIL-22) was induced by methanol and accounted for

about 85% of the total secreted proteins. A simple purifi-

cation strategy was established to purify the rhIL-22 from

the culture supernatant, yielding 100 mg/l at 90% purity by

chromatography with a SP Sepharose FF column. Bioac-

tivity analysis showed the purified rhIL-22 demonstrated a

specific activity that was comparable with the commercial

one. This study provides a new strategy for large-scale

production of bioactive IL-22 for use in basic studies and

therapeutic applications.

Keywords Cell proliferation � Interleukin-22 �
Pichia pastoris � Purification � Secretory expression

Introduction

Interleukin-22 (IL-22) was originally identified in inter-

leukin-9 stimulated T cells and in mast cells from mice [1].

Recently, IL-22 has been found to be preferentially pro-

duced by T helper 17 cells [2–4]. The expression of its

receptor has been found to be restricted to skin, respiratory

and digestive tissues, but not immune tissues. Therefore, it

is proposed that IL-22 should not act directly on immune

cells, but act as a multifunctional effector to promote the

innate non-specific immunity of tissues [5]. IL-22 plays an

important role in host defense against extracellular patho-

gens and preventing damages of the mucosal epithelial

tissue in the respiratory and digestive systems [6, 7].

Moreover, IL-22 is also involved in the pathogenesis of

some autoimmune diseases in the skin [4]. These findings

indicate that IL-22 might be a novel type of immune

mediator and a potential therapeutic target for autoimmune

diseases. In fact, IL-22 and its antagonist have been proved

to be effective in the treatment of ulcerative colitis and

psoriasis, respectively [8, 9]. With the increasing potential

of IL-22 in clinical applications, more interests are focused

on the high-level expression and preparation of IL-22.

Although IL-22 can be produced in prokaryotic

expression systems [10], the target protein forms inclusion

bodies and makes the following purification process

involving a complicated refolding step with a low recovery

rate. In addition, there is report of recombinant IL-22

expression in insect cells line, which is not only costly but

also unsuitable for commercial large-scale production of

therapeutic proteins [11].

The Pichia pastoris expression system is being used

successfully for the production of various recombinant

heterologous proteins. Most important, P. pastoris is a

eukaryote, and thereby provides the potential for producing
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soluble, correctly folded recombinant proteins that have

undergone all the post-translational modifications required

for functionality. In this study, we established a more

efficient method to produce soluble and bioactive recom-

binant human IL-22 (rhIL-22) using a eukaryotic expres-

sion system of Pichia pastoris, which lays the basis for

further studying its role in the pathogenesis of immune

diseases as well as in the clinical applications.

Materials and methods

Construction of the expression vector

The DNA (460 bp) fragment coding for human IL-22 was

amplified from the recombinant expression plasmid pBV-

IL22 which was previously constructed for Escherichia

coli expression in our laboratory. The forward and reverse

primers were 50-ATCTCGAGAAAAGAGCGCCCATCA

GCTCC-30 containing an XhoI site (underlined) and 50-G
TTCTAGATCAAATGCAGGCATTTCT-30 containing an

XbaI site (underlined), respectively. The PCR product was

digested with XhoI and XbaI, and then inserted into

the expression vector pPICZaA (Invitrogen, USA). The

recombinant plasmid pPICZaA-IL22 was confirmed by

restriction analysis and sequencing.

Transformation and selection of rhIL-22 expression

strain

Pichia pastoris KM71H were transformed with a linearized

expression vector digested with PmeI. Transformation was

performed using the electroporation method as described in

the P. pastoris expression manual (Invitrogen, USA). The

transformants were analyzed by colony PCR to verify the

integration of the recombinant gene [12]. Positive trans-

formants were tested for their ability to secrete rhIL-22 into

the cell culture supernatants as follows. Cells were inocu-

lated into 5 ml of buffered minimal glycerol (BMGY)

medium and allowed to grow for 24 h, then 1% (v/v)

methanol was added to the culture at intervals of 12 h

during an incubation period of 120 h. The supernatants

were collected and analyzed by 15% SDS–PAGE.

Expression and purification of rhIL-22

Positive transformants were picked up from the plates and

inoculated into a flask containing 10 ml BMGY medium.

After shaking at 30�C, 300 rpm for 24 h, the culture was

centrifuged at 4�C, 3,000 rpm for 5 min. The collected

cells were resuspended in 2 ml BMMY medium and

allowed to grow at 30�C for 6 days, and then the methanol

was added every 24 h. To obtain the highest yield of

protein, different culture parameters including pH and

concentration of methanol added daily were evaluated. In

addition, 2% (w/v) Casamino acids was added to the

induction medium to enhance protein accumulation [13].

Scale-up expression was performed under the optimized

cultivation conditions. The culture was centrifuged at

5,000 rpm for 15 min and the supernatant was concen-

trated by ultrafiltration. The concentrated sample was loa-

ded onto SP Sepharose FF column (Pharmacia Biotech

Inc., Sweden) and eluted with linear gradient of 0–2.0 M

NaCl in PBS. The eluted fractions were analyzed by 15%

SDS–PAGE.

Western blot analysis

Protein samples were separated by 15% SDS–PAGE and

electroblotted onto a nitrocellulose membrane (Amersham

Biosciences, USA). The membrane was blocked with 5%

(w/v) milk in 10 mM Tris–HCl with 150 mM NaCl (pH 8.0)

and 0.1% (v/v) Tween-20 (TBST) for 2 h at room temper-

ature (RT). The membrane was then incubated for 2 h at RT

with anti-human IL-22 monoclonal antibody (R&D, USA).

After washing three times, the membrane was incubated for

1 h with peroxidase-conjugated goat anti-mouse IgG

(ZhongShan Ltd. China). The membrane was washed with

TBST and the specific protein bands were visualized by ECL

detection kit (Amersham Pharmacia Biotech, Canada).

MTT proliferation assay

The growth-promoting effects of rhIL-22 and its commer-

cial product (R&D, USA) on HepG2 cells were determined

using MTT assay. HepG2 cells were cultured in RPMI1640

medium (Gibco, USA) with 10% (v/v) fetal bovine serum

(FBS) and kept in an incubator with 5% CO2 at 37�C. Cells

were adjusted to a concentration of 1 9 105 cells/ml and

seeded in 96-well flat-bottom plates. Then, different con-

centrations (5–4,000 ng/ml) of rhIL-22 and commercial

IL-22 were added to each well and cultured for 72 h. Cell

proliferation was analyzed by the MTT (3-(4,5-dimethyl-

thiazolyl-2)-2,5-diphenyltetrazoliumbromide) proliferation

assay as described [14]. Absorbance at 570 nm was mea-

sured using a Bio-Rad model 550 microplate reader (Bio-

Rad Molecular Bioscience Group, USA).

Results

Construction of the recombinant expression plasmid

The DNA fragment encoding IL-22 was inserted between

the XhoI and XbaI sites of P. pastoris expression vector

pPICZaA which contains a Saccharomyces cerevisiae
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alpha factor leader and an alcohol oxidase1 (AOX1) pro-

moter (Fig. 1). Sequencing of the recombinant plasmid

pPICZaA-IL22 confirmed that the reading frame of IL-22

was correct.

Transformation and expression of rhIL-22

The recombinant vector pPICZaA-IL22 was transformed

into P. pastoris KM71H cells by electroporation. The

transformed strains were analyzed by colony PCR to

evaluate the integration of IL-22 in P. pastoris transfor-

mants. A 460 bp insert was detected in positive trans-

formed KM71H cells.

The positive colonies were cultured and induced to

express the recombinant proteins. SDS–PAGE analysis

showed that rhIL-22 was successfully expressed in the

P. pastoris KM71H transformant. The culture supernatant

was harvested from the culture every 24 h after methanol

induction. As shown in Fig. 2a, a band corresponding to

rhIL-22 with an expected molecular weight about 16 kDa

was observed at 24 h after induction and the maximal

expression level was reached at 96 h (Fig. 2a). This result

was confirmed by Western blot analysis (Fig. 2b). Opti-

mum conditions leading to maximum IL-22 yield were: pH

5.0, methanol daily addition of 0.5% (v/v) and induction

time of 96 h. The addition of 2% (w/v) Casamino acids had

no effect on IL-22 production.

Purification of rhIL-22

The culture supernatant was collected and the concentra-

tion of rhIL-22 was estimated to be 150 mg/l according to

the analysis using 15% SDS–PAGE. rhIL-22 was subse-

quently purified by a SP Sepharose FF column, and iden-

tified by Western blot using anti-hIL22 monoclonal

antibody (Fig. 3, lane 3). The purified rhIL-22 appeared as

Fig. 1 Construction of the recombinant expression vector pPICZaA-

IL22. The IL-22 gene was fused downstream of the yeast a-factor

signal sequence, and was under the control of a yeast promoter for

alcohol oxidase 1 (AOX1)

Fig. 2 Expression of rhIL-22 in P. pastoris KM71H at different time

points. a 15% SDS–PAGE analysis of rhIL-22 expressed in

P. pastoris after induction by methanol. Lane M low molecular

weight protein marker; lane 1 culture supernatants from P. pastoris
transformed with pPICZaA; lanes 2–6 culture supernatants from

P. pastoris transformed with pPICZaA-IL22 at 24, 48, 72, 96 and

120 h after methanol induction, respectively. The arrow indicates the

location of rhIL-22. b Western blot analysis of rhIL-22 expression.

Lanes 1–5 culture supernatants collected from P. pastoris transformed

with pPICZaA-IL22 at 24, 48, 72, 96 and 120 h after methanol

induction, respectively

Fig. 3 Purification and identification of rhIL-22. The purified protein

was analyzed by 15% SDS–PAGE (lane 1) and identified by Western

blot (lane 2) using anti-human IL-22 monoclonal antibody. Lane M
low molecular weight protein marker
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a single band on 15% SDS–PAGE with a purity of 90%

(Fig. 3, lane 2). In total, 100 mg of rhIL-22 were obtained

from 1 l of culture supernatant, representing a recovery rate

of 66% of the total rhIL-22 from the culture supernatant.

Activity assay of rhIL-22

The biological activity of rhIL-22 was detected by the

MTT method and was compared with that of commercially

available IL-22. The result showed that rhIL-22 could

stimulate the growth of HepG2 cells over a range from 5 to

4,000 ng/ml, and the cell proliferation of HepG2 was sig-

nificantly stimulated with a peak effect at the concentration

of 1,000 ng/ml (Fig. 4). The activity of the purified rhIL-22

was comparable with the commercially available one

derived from E. coli.

Discussion

IL-22 is a cytokine secreted by activated T cells, which

plays an important role in regulating the immune response.

Some studies have suggested that IL-22 is involved in the

pathogenesis of various immune diseases [15–17]. The

promising value of IL-22 in clinical applications has been

highlighted, particularly for the treatment of diseases such

as ulcerative colitis and mucosal infections [6, 18].

IL-22 is mainly produced in prokaryotic expression

systems and is purified from the inclusion bodies [10].

However, this process involves a complicated refolding

step of the inclusion bodies. Moreover, the contamination

of pyrogenic components derived from E. coli is a signif-

icant concern for clinical applications. The eukaryotic

expression system of P. pastoris has become increasingly

popular for its ease of genetic manipulation and ability to

grow to a high cell density, which allows high yield. In

addition, pyrogenic contamination is not a concern. Many

pharmaceutical proteins have been successfully produced

using this system [19].

To produce large amounts of bioactive human IL-22 for

both basic and clinical studies, we testsed P. pastoris as an

expression system. After optimization of the expression

conditions, rhIL-22 accounted for about 85% of the total

secretory proteins. After purification by SP Sepharose FF

column, 100 mg of rhIL-22 was obtained from 1 l of cul-

ture supernatant, which is higher than the yield of refolded

rhIL-22 (33 mg from 1 l culture) previously produced by

E. coli in our laboratory (unpublished data). The in vitro

activity assay confirmed that biological activity of the

purified rhIL-22 was comparable with the commercial

available one.

In conclusion, we have developed a novel and highly

efficient way of producing biologically active rhIL-22,

which could be adopted for large-scale production of

functional rhIL-22. Also this work will help to promote

studies on the clinical application of IL-22 as well as

clarification of its role in immune system.
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