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A WHO position paper states that allergen immunotherapy is an effective treatment for allergic diseases, and well
characterized allergens should be used in immunotherapy. The house dust mite is a major cause of allergic disease. However,
the biological activity of the mite extracts currently used cannot be clearly determined, since these extracts contain various
impurities. The use of recombinant allergens can avoid this problem. However, there remains a risk of contamination by other
impurities, such as host cell-derived proteins (HCPs). Advanced purification techniques are thus required to remove these
contaminants. C8/119S is a mutant of the major house dust mite allergen Der f 2, and is expressed and accumulated as an
inclusion body in Escherichia coli. The C8/119S was refolded and purified through three column chromatography steps. Using
this method, we could obtain about 2 g of the purified C8/119S in one purification batch. This amount is equivalent to 100,000
of the maintenance doses required for immunotherapy based on the WHO position paper. The purity of the C8/119S was 99%
or more. The antigenicity of HCPs in the C8/119S was examined by passive cutaneous anaphylaxis assays. When the C8/119S
was administered at 40 ug/kg, no local anaphylaxis was observed. C8/119S was thus highly purified with an extremely low
level of impurities, and our procedure was shown to be an effective advanced production-scale purification process for this
Der f 2 mutant. In this study, we established an advanced purification processes for C8/119S, then characterized the purified
C8/119S and evaluated its purity.
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Anti-allergic or anti-histaminic agents are used for the treatment
of allergic diseases such as allergic asthma, allergic rhinitis, allergic
dermatitis, and allergic conjunctivitis. However, these agents are
symptomatic, and thus cannot achieve a radical cure for allergic
diseases. Immunotherapy, in which causative antigens of allergic
diseases are injected, is believed to be the sole means of achieving a
radical cure of allergic diseases (1-5). A WHO position paper
published in 1998 stated that allergen immunotherapy was an
effective treatment for patients with allergic rhinitis/conjunctivitis
or allergic asthma, and the use of well characterized and standardized
allergen vaccines makes it possible to define an optimal maintenance
dose in the range of 5-20 pg of major allergen per injection (6). The
therapeutic mite allergen vaccines currently used are extracted from
the mite Dermatophagoides. Their biological activity cannot be clearly
determined, since they contain not only major allergens but also a
variety of impurities derived from mites. Therefore, it is difficult to
prepare allergen vaccines with consistent titers for injection at the
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effective maintenance doses recommended by the WHO position
paper. The limitation of source materials from mites makes obtaining
a stable supply of a large quantity of allergens difficult. Allergen
vaccines are usually subcutaneously injected in order to minimize
potential symptoms in allergic patients. However, if the vaccines are
contaminated with impurities, they can newly induce immune
responses to the impurities and cause serious adverse side effects.
There is thus a need for highly purified allergen vaccines in order to
ensure safety during immunotherapy.

Several major mite allergens (Der f 1, Der f 2, Der p 1, Der p 2, etc.)
have already been identified and expressed by recombinant techni-
ques (7-12). Because they are not contaminated by mite-derived
impurities, the recombinant allergens can be stably supplied as safe
allergen vaccines. However, there remains a risk of contamination by
other impurities, such as host cell-derived proteins (HCPs) and
culture-media contaminants that arise from the recombinant allergen
production processes. Because these impurities might induce unin-
tended antigenicity, advanced purification techniques are required to
remove them.

C8/119S is a mutant of the major mite allergen Der f 2. Of the 130
amino acids constituting C8/119S, Cys 8 and Cys 119 have each been
replaced by Ser residues in order to disrupt one of three disulphide
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bonds in wild-type Der f 2. C8/119S is expected to have low risk of
anaphylaxis in immunotherapy (13-16). In a previous study, we
established a large-scale culture process for expressing C8/119S (17).
In this study, we established an advanced purification processes for
C8/119S, then characterized the purified C8/119S and evaluated its
purity.

MATERIALS AND METHODS

Expression of C8/119S in Escherichia coli ~ The expression plasmid pWU11-C8/
119S was constructed by integrating the C8/119S gene downstream of trp promoter.
We established a recombinant E. coli expressing C8/119S, which we designated
pWU11-C8/119S/HB101 (17). A single colony of this recombinant E. coli was selected,
inoculated into 200 ml of LB medium, and grown to an optical density at 600 nm
(ODgoop) of three or more. Cells were suspended in cultured medium with 20% glycerol
added, dispensed into 1 ml vials and stored at —80 °C as a master cell bank. For
preparation of the working cell bank, one vial of the master cell bank was inoculated
into 11 of LB medium, cultured, and stored in a similar fashion.

One of the working cell banks was inoculated into 1 I of LB medium and grown to
an ODgg of three or more, and the cultured medium was inoculated into 250 | of the
production culture medium supplemented with 2% glucose in a 300 I-bioreactor (F-02;
Hitachi Ltd., Tokyo). After the initial glucose was consumed, 50 1 of 60% glucose solution
supplemented with nutrients was added to coincide with the cell proliferation. During
the growth period, the pH value was maintained at 7.0 using a 25% ammonia solution,
and the dissolved oxygen level was controlled from 20% to 40% of the air saturation
value by controlling the agitation speed and aeration. Expression of C8/119S was
started by thermal induction. The culture was continued for 12 h after the induction
(17).

Purification of C8/119S Recombinant E. coli cells were collected from the
culture medium by using a micro filter membrane (Asahi Kasei, Tokyo) and suspended
in 20 mM Tris-HCl, pH 8.5. Next, lysozyme was added to the solution at a final
concentration of 0.6 g/l and left overnight at 10 °C or less. The resulting mixture was fed
into a French press to crush the cells. The solution was concentrated by a micro filter
membrane to remove the cell debris and diluted with 20 mM Tris-HCl, pH 8.5. Then, in
order to collect the inclusion bodies, the resulting solution was centrifuged and the
inclusion bodies were recovered as the precipitate. The inclusion bodies with a wet
weight of about 1,000 g were obtained by a 300 I-scale culture. An aliquot of inclusion
bodies with a wet weight of 100 g was dissolved in 101 of 20 mM Tris-HCI, pH 8.5,
containing 10 mM cysteine and 8 M urea (denaturing buffer). The protein concentra-
tion was about 1 mg/ml. The dissolved solution was diluted into a 10-fold volume of
20 mM Tris-HCl, pH 8.5, containing 3 mM cysteine and 0.3 mM cystine (refolding
buffer) and left to stand for four overnights at 10 °C or less. The pH of the refolding
solution was adjusted to 8.5 and the resulting solution was concentrated by using an
ultrafiltration membrane (Asahi Kasei) to 1/10 of the starting volume and purified by
anion-exchange chromatography (DEAE-Toyopearl 650 M; Tosoh Co., Tokyo). A 2 1-
DEAE-column was equilibrated with 20 mM Tris-HCl, pH 8.5, containing 50 mM
sodium chloride. The refolding solution was passed through the column, and the
through fraction was collected. Next, hydrophobic chromatography (Butyl Sepharose
FF GE Healthcare, Piscataway, NJ, USA) was performed. A 2 I-Butyl Sepharose FF-
column was equilibrated with 20 mM phosphate buffer, pH 7.2, containing 3 M sodium
chloride. Then the above eluate, which was dialyzed with 20 mM phosphate buffer, pH
7.2, containing 3 M sodium chloride, was applied. The C8/119S was eluted with 20 mM
phosphate buffer, pH 7.2. Additional anion-exchange chromatography (QAE-Toyopearl
650 M; Tosoh Co.) was performed to obtain highly purified C8/119S. A 1 I-QAE-column
was equilibrated with 20 mM Tris-HCl, pH 8.5, containing 2 M urea. Then the above
eluate, which was dialyzed with 20 mM phosphate buffer, pH 7.2, containing 2 M urea,
was applied. The C8/119S was eluted with a linear gradient of sodium chloride from 0
to 100 mM (20 column volumes). The eluate fraction was dialyzed with 10 mM
phosphate buffer, pH 7.2, containing 140 mM sodium chloride (PBS) and aseptically
filtered to obtain a solution of purified C8/119S.

Analysis of C8/119S  SDS-PAGE was carried out as follows. Samples were mixed
with SDS buffer and an aliquot of mixed sample, equivalent to 0.5 ug of C8/119S, was
applied to SDS-PAGE gel (Funakoshi, Tokyo). After electrophoresis, the gel was silver-
stained. The mass of C8/119S was analyzed by MALDI-TOF/MS (BIFLEX III; Bruker,
Billerica, MA, USA). Protein calibration standard I (Bruker) was used as a standard in the
mass spectrometry analysis. The purity of the C8/119S was analyzed by high
performance liquid chromatography (HPLC) with a size exclusion (SE) column
(G3000SWyy; Tosoh Co.). SE-HPLC was done with a mobile phase of 0.1% TFA in 60%
acetonitrile at 1 ml/min with measurement of absorbance at 280 nm. The analysis time
was set at 20 min, the sample concentration was approximately 500 pg/ml, and the
sample volume was 100 pl. The bacterial endotoxin content was determined using an
Endospecy set, Toxicolor set, and Endospec ES test (Seikagaku Co., Tokyo) following the
instructions of the manufacturer. Limit of detection of the bacterial endotoxin was
0.002 EU/ml.

Preparation of host cell-derived proteins (HCPs) A recombinant E. coli pWU-
11/HB101 transformed by plasmid pWU-11 which did not contain the C8/119S gene
was cultured in a 300 I-bioreactor, and inclusion bodies were recovered using the same
method with the C8/119S preparation. A 100 g of inclusion bodies was dissolved in
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denaturing buffer and diluted into a 10-fold volume of refolding buffer, then left to
stand for four overnights at 10 °C or less. The pH of the refolding solution was adjusted
to 8.5 and the resulting solution was concentrated with an ultrafiltration membrane up
to an appropriate concentration and used as HCPs.

Preparation of guinea pig and rabbit anti-HCP sera  Four-week-old male
Hartley guinea pigs were purchased from Japan SLC Inc. (Hamamatsu). HCPs were
mixed with alum as an adjuvant and subcutaneously injected at 0.5 mg/head five times
at 2-week intervals. The second immunization with HCPs, at 0.35 mg/head, was
intravenously performed at 2 weeks after the last immunization. Blood samples were
collected and the guinea pig anti-HCP sera were separated 1 week after the second
immunization (Fig. 1).

Male JW rabbits were purchased from KBT Oriental (Saga). HCPs were mixed with
alum as an adjuvant and subcutaneously injected at 2 mg/head four times at 2-week
intervals. The second immunization with HCPs, at 2 mg/head, was intravenously
performed at 2 weeks after the last immunization. Blood samples were collected and
the rabbit anti-HCP sera were separated 1 week after the second immunization (Fig. 1).

HCP-ELISA  An ELISA plate (Nalge Nunc, Roskilde, Denmark) was coated with
10 pg/ml of guinea pig anti-HCP polyclonal antibody at 4 °C overnight. After washing
the plate three times with PBS containing 0.05% Tween 20 (PBST), 200 ul per well of
Block Ace (Dainippon Sumitomo Seiyaku, Osaka) was added to the plate for blocking at
37 °Cfor 1 h. After washing the plate three times with PBST, 100 pl portions of standard
HCPs solutions and sample solutions appropriately diluted were added to each well,
and the plate was left to stand at 37 °C for 2 h. After washing the plate three times with
PBST, 100 pl of a rabbit anti-HCP polyclonal antibody (1 pg/ml) was added to the wells
and the plate was left to stand at 37 °C for 1 h. After washing the plate three times with
PBST, 100 pl of a donkey anti-rabbit IgG antibody labeled with horseradish peroxidase
was added to the wells and the plate was left to stand at 37 °C for 1 h. After washing the
plate three times with PBST, 100 ul of TMB solution (Sigma-Aldrich, St. Louis, MO, USA)
was added to the wells and allowed to react for 10 min with shielding from light. The
reaction was stopped by adding 100 pl per well of 0.3 N sulfuric acid, and absorbance at
450 nm was measured to calculate the amount of HCPs.

Preparation of anti-C8/119S sera  Male JW rabbits were purchased from KBT
Oriental. C8/119S was mixed with alum as an adjuvant and subcutaneously injected at
2 mg/head four times at 2-week intervals. The second immunization with C8/119S, at
2 mg/head, was performed intravenously at 2 weeks after the last immunization. Blood
samples were collected and the sera were separated at 1week after the second
immunization (Fig. 1).

Passive cutaneous anaphylaxis (PCA) assay  Seven- to nine-week-old male
Hartley guinea pigs were purchased from Japan SLC Inc. Anti-HCP sera were diluted
with saline solution in a four-fold dilution series, and 0.1 ml of the resulting solution
was intradermally injected into a clipped region of the back (B-1 and B-2 groups). Anti-
C8/119S sera (B-3 group) and PBS (B-4 group) were used as positive and negative
controls, respectively. C8/119S was dissolved in saline solution to obtain 0.5 mg/ml
concentrations, and 0.5% Evans blue (Wako Pure Chemical Industries, Tokyo) was
added. At 24 h after the anti-HCP sera injection, 40 pg/kg of C8/119S was intravenously
administered. After 30 min, the animals were exsanguinated, the skin was removed,
and the blue test sites were observed. The long and short diameters of the blue sites
were measured, and judged positive when the average of the diameters was 5 mm or
more (18,19).

RESULTS

Evaluation of purification steps The inclusion bodies with a
wet weight of about 1,000 g were recovered from 3001 of culture

2 weeks

Vi’’’
%

I]wcckl |

S C injection at 2-weeks interval
5 mg HCP with alum 5 times to male Hartley guinea pigs or
2 mg HCP with alum 4 times to male JW rabbits or
2 mg C8/119S with alum 4 times to male JW rabbits

v : LV.injection at 2 weeks after the last S.C. injection
0.35 mg HCP to male Hartley guinea pigs or
2 mg HCP to male JW rabbits or
2 mg C8/119S to male JW rabbits

' : Collect blood samples and separate sera at one week after the 1.V. injection

FIG. 1. Experimental schedule for the preparation of guinea pig and rabbit anti-host
cell-derived protein sera, and rabbit anti-C8/119S sera.
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FIG. 2. SDS-polyacrylamide gel electrophoresis. Lane 1, refolding solutions; lanes 2 and
3, pass-through fraction on DEAE-Toyopearl chromatography; lanes 4 and 5, eluted
fraction on Butyl-Sepharose chromatography; lanes 6 and 7, eluted fraction on QAE-
Toyopearl chromatography. The gel was silver-stained.

medium. An aliquot of inclusion bodies with a wet weight of 100 g
containing about 15 g of C8/119S was dissolved in the denaturing
buffer, and refolding was performed by dilution of denaturing agent.
After refolding, C8/119S was purified by DEAE-Toyopearl chromatog-
raphy. In this step, most of the impurities derived from the culture
process were captured by the DEAE resin, and C8/119S and
aggregated C8/119S were passed through the DEAE column under
equilibrium conditions of 20 mM Tris-HCI, pH 8.5, containing 50 mM
sodium chloride (Fig. 2). In the Butyl-Sepharose FF chromatography
step, C8/119S was recovered in the eluate concentrated to about five
times the applied sample solution, which made it easy to exchange
the buffer condition to apply the next chromatography step. In the
QAE-Toyopearl chromatography step, aggregated C8/119S and resid-
ual impurities were removed and about 2 g of purified C8/119S was
obtained (Table 1).

We performed the procedure four times in order to produce four
purified batches to evaluate the ability of the purification process to
remove impurities. The results of the SE-HPLC analysis of the purified
C8/119S are shown in Table 2. The purity of the C8/119S monomer
was 100% in FB-002, FB-006 and FB-007. In the FB-003, we detected
0.3% of C8/119S aggregate. The chromatogram of SE-HPLC is shown in
Fig. 3. The purified C8/119S was tested to determine the bacterial
endotoxin content, which was found to be less than 0.01 EU/mg
(Table 3). The mass of C8/119S was measured with MALDI-TOF/MS.
The result was 14130.98 (Fig. 4), and matched to the molecular
weight (14133.03) calculated from the amino acid sequence shown in
Fig. 5.

TABLE 1. Purification of C8/119S.

Purification step C8/119S Volume  C8/119S  Percentage Purity
concentration (pg/ml) ) amount (g)  yield (%) (%)

Refolding 90 160 14.4 100 -

DEAE Toyopearl 700 10 7.0 49 -
Chromatography

Butyl Sepharose 4,000 1.5 6.0 42 83
Chromatography

QAE Toyopearl 750 3.0 23 16 100
Chromatography

The C8/119S concentration was calculated by ELISA using anti-Der f 2 antibody, and the
purity was determined by size exclusion chromatography analysis. Percentage yield was
calculated as follows. (Percentage yield, %)= (C8/119S amount at each step)*100%/
(€8/119S amount at refolding step).

PRODUCTION-SCALE PURIFICATION OF C8/119S 3

TABLE 2. Results of the SE-HPLC analysis.

Batch no. Purity of C8/119S monomer
FB-002 100%
FB-003 99.7%
FB-006 100%
FB-007 100%
VWDI1 A, Wavelength=280 nm
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FIG. 3. The chromatograms of SE-HPLC. The sample is purified C8/119S, and the batch
number is FB-003. The arrow shows C8/119S aggregate.

TABLE 3. Endotoxin content in C8/119S.

Batch no. Endotoxin content
FB-002 0.0031 EU/mg
FB-003 0.0046 EU/mg
FB-006 <0.002 EU/mg
FB-007 <0.002 EU/mg

Limit of detection of the bacterial endotoxin was 0.002 EU/ml.
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FIG. 4. Mass spectrometric pattern of purified C8/119S. Protein calibration standard I
(Bruker) was used as a standard.
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FIG. 5. Amino acid sequence of Der f 2 mutant C8/119S. C8/119S is comprised of 130
amino acids, and its molecular weight calculated from amino acid sequence is
14133.03. The solid lines show the disulfide bonds.

Evaluation of the HCP content in C8/119S We performed an
HCP-ELISA test to determine the levels of HCPs in the C8/119S. The
content of HCPs in purified C8/119S was less than 0.5% which was
equivalent to 100 ng per dose, based on the maintenance dose
described in the WHO position paper (Table 4). In addition, the
antigenicity of HCPs in purified C8/119S was evaluated by PCA assays,
and the results are shown in Table 5. We used anti-HCP sera for the
PCA assay at dilutions from 1:8 to 1:1024. No test sera challenged with
40 pg/kg of C8/119S exhibited local anaphylaxis (B-1, B-2 groups). All
four of the test sites were judged positive in the positive control (B-3
group), and no test sites were judged positive in the negative control
(B-4 group).

DISCUSSION

C8/119S expressed in E. coli was purified through three column
chromatography steps. Under the equilibrium condition of DEAE
chromatography, most impurities derived from culture were captured
by DEAE resin but C8/119S was passed through the DEAE column. The
impurities could be easily and efficiently removed by this process.
However, aggregated C8/119S remained in the fraction passed
through the DEAE column. To separate the C8/119S monomer and
aggregates effectively, we evaluated the effect of denaturing agent in
the mobile phase of QAE chromatography. We confirmed that it was
possible to separate C8/119S and these aggregates by addition of urea
to the mobile phase of QAE chromatography. On SDS-PAGE and SE-
HPLC analysis, the amount of the aggregates and the degradation
products were very little in the purified C8/119S. Moreover, the
endotoxin level was also very low. To confirm whether purified C8/
119S was complete molecule, we performed mass spectrometry
analysis. The result was that the mass of C8/119S measured with
MALDI-TOF/MS matched to the molecular weight calculated from the
amino acid sequence. We confirmed that purified C8/119S was a
complete molecule that had a target all amino acid sequence. We
could obtain about 2 g of the purified C8/119S in one purification
batch. This amount is equivalent to 100,000 of the maintenance doses
required for immunotherapy based on the WHO position paper.

Subcutaneously injected C8/119S will be used as an allergen
vaccine for the treatment of allergic diseases. Therefore, even if
impurities are removed to a level that is difficult to be detected by
physical analysis, it must not be assumed that no impurities are
present. Residual HCPs that might induce an immune reaction would

TABLE 4. Residual HCP contents in C8/119S.

Batch no. Residual HCP (%)
FB-002 0.2%
FB-003 0.1%
FB-006 0.4%
FB-007 0.3%

J. Biosci. BIOENG.,

TABLE 5. Results of HCP antigenicity by passive cutaneous anaphylaxis (PCA) assay.

Group Sensitizing sera Challenging Positive ratio
antigen
B-1 Anti-HCP sera C8/119S 1:8 1:32 1:128 1:512
(1:8 to 1:512) (40 pg/kg) 0/2 0/2 0/2 0/2

B-2 Anti-HCP sera 1:16 1:64 1:256  1:1024

(1:16 to 1:1024) 0/2 0/2 0/2 0/2
B-3 Anti-C8/119S sera 4/4

(1:1024)

B-4 PBS (1 ml/kg) 0/4

The batch number of the C8/119S test sample used as a challenge antigen was FB-002.

be highly undesirable. Thus we evaluated the antigenicity of the
remaining HCPs by PCA assay. For this evaluation, we used 40 pg/kg of
C8/119S. This dose was equivalent to 100-400 times the maintenance
dose per kilogram of weight recommended for immunotherapy in the
WHO position paper. No local anaphylaxis was observed in the test
sera. It was suggested that the HCPs content in the C8/119S was low
enough not to induce anaphylactic reaction in the PCA assay. Taken
together, these findings indicated that C8/119S was highly purified
and that the level of HCPs remaining in the purified C8/119S was
extremely low.

We established an advanced production-scale purification process
for C8/119S, which is a mutant of the major mite allergen Der f 2. The
safety and effectiveness of C8/119S are expected to be confirmed in
future studies.
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