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Abstract

This is a second-year (2004) progress report for the 3-year contract grant
funded by National Healthy Research Institute (NHRI). First, we deeply
appreciate for the funding support from NHRI to provide us the opportunity
to conduct this study. With this support, in the first year, 3 SCI papers and
16 conference reports (including 5 international conference reports) have been
published. In addition, another 3 papers have been written and ready to
submit by the end of 2004.

With respect to the antioxidant characteristic of haptoglobin (Hp), it is
extremely essential to establish a method to purify large quantity of human
Hp, because of the complicated and heterogeneous structure of Hp 1-1, 2-1,
and 2-2. Two methods have been developed. First, hemoglobin
(Hb)-affinity column was used to purify Hp, however, trace amount of Hb
was co-eluted with Hp. Antibody-affinity column followed by a gel
filtration chromatography was then established and appears to be superior.
Since the purification was very difficult in the past, it has hampered for years
in understanding the biochemical role of Hp phenotype in the clinical

outcome.

An instant Hp-phenotyping method from human plasma without using a
conventional starch gel has also been successfully implemented. Human
plasma (or serum) incubated with supplymented hemoglobin was used to
conduct a native PAGE, and the patterns of haptoglobin-hemoglobin complex
was subsequently lit up using a chromogenic substrate. Thus, 3 phenotypes

of Hp 1-1, 2-1, and 2-2 could be easily determined.



Moreover, 6 lines of monoclonal antibodies (mAb) prepared against Hp
have been produced and characterized. The affinities among each mAb and
each phenotype Hp were also determined using competitive and
non-competitive ELISA. The highest-affinity monoclonal antibody
exhibited an affinity (Ka) 5.58 x 10°, 2.81 x 10°, and 2.19 x 10° M against
Hp 1-1, 2-1, and 2-2, respectively. The result suggests that the availability
of “functional” surfaces of Hp 1-1 may be greater than that of Hp 2-1 and 2-2.
Such structural differences may explain, in part, the clinical outcome by
which Hp phenotype is associated with differential susceptibility to infections,

atherosclerosis, and autoimmune disorders.

The CD spectrum of each Hp phenotype was conducted to estimate the
secondary structure of Hp. According to the best of our knowledge, we
show for the first time that the a-helical content of Hp 1-1, 2-1, and 2-2 was
29%, 22%, and 21%, respectively. Hp 1-1 possesses a more ordered
structure than that of polymeric forms of Hp 2-1 and 2-2.

In Cu**- and AAPH-induced lipid peroxidation, Hp exerts more potent
antioxidant activity than the known, most potent antioxidant compound,
probucol. The antioxidant activity of Hp was found to be dose-dependent
with an IC50 Hp 1-1> Hp 2-1> Hp 2-2> probucol> vitamin E in ranking. To
determine whether or not conformation of Hp plays a role in its antioxidant
property, chemical modifications on Hp were conducted to alter its
conformation. Interestingly, carboxymethylation which breaks the inter- and
intra- disulfide linkages, not only altered a-helical content but also abolished
its formation of a Hp-Hb complex in the Hb-binding assay. Notably, the
reduced form of Hp exerts even much greater antioxidant activity than native

Hp. Thus, the antioxidant activity of Hp might not be resulted from forming



a complex with hemoglobin.

To further study the in vivo physiologic role of Hp, the cDNA of Hp 1-1
was cloned and inserted into the pcDNA3.0 vector with CMV promoter.
CHO-KI1 cells were then transfected with the inserted vector and cultured in
the presence of the selection marker, geneticin. Expression of Hp 1-1 in
transfected CHO-K1 cell was confirmed by competitive ELISA, Western blot,
and immunocytochemical stain. The expression was stable for more than
ten passages. The transfected CHO-K1 cell was then challenged with
variable amount of hydrogen peroxide (H;O;) for 24 hours. MTT assay was
used to estimate the relative cell survival ratio. The transfected cell exhibits
a twice-higher relative survival ratio than that untransfected CHO-K1 cell.
Thus, the expressed Hp elevates the cell tolerance against the additive

oxidative stress.

Haptoglobin (Hp) is a hemoglobin binding protein with an extremely
high binding affinity. In this study, we screened twenty-four monoclonal
antibodies (mAb) prepared against Hp. Only one mAb (8B1), which
specific to Hp B-chain, is able to completely block the formation of Hp-Hb
complex. Carboxymethylation on Cys-105 of Hp B chain diminishs the
recognition for both 8Bl mAb and hemoglobin. Combining of limited
trypsin cleavage, chemical modification, and direct solid-phase peptide
synthesis on nitrocellulose paper (protein array), residues of 105-116 of Hp
Bchain is defined as an epitope for the inhibitory mAb 8B1. Hypothetically
this sequence, Cys-Leu-Pro-Ser-Lys-Asp-Tyr-Ala-Glu-Val-Gly-Arg, is located
at the edged surface with a random coiled structure as probed from the crystal
structure of serine proteases (chymotrypsin and trypsin), which has strong

homology with Hp B chain in primary structure. In conclusion, we have



produced a hemoglobin-blocking antibody recognizing the residues 105-116
of Hp fP-chain, where we suggest that Cys-105 is critically involved in the
hemoglobin binding.  This study provides a potential insight for the future

delineation of Hp binding site for hemoglobin which is currently unknown.

To investigate the relationship between Hp phenotype and CAD patients,
a total of 1132 subjects containing 559 hospital normal control and 573 CAD
patients were investigated for their Hp phenotypes. All the hospital normal
controls and CAD patients were identified from the hospitalized coronary
angiography. The distribution in hospital normal controls is 7.5 %, 42.2 %,
and 50.3 % for Hp 1-1, 2-1, and 2-2. The phenotype distribution in CAD is
8.6 %, 40.1 %, and 51.3 % for Hp 1-1, 2-1, and 2-2, respectively. The
distribution of Hp 2-1 and 2-2 is almost equal between CAD and hospital
controls. Statistically, the phenotype difference between patients with and
without CAD was not significant (P=0.69). There was no association found
between the Hp phenotypes and lipid profiles (plasma total cholesterol, HDL
cholesterol, LDL-cholesterol, and triglyceride). However apoAl, a major
apolipoprotein of HDL, in Hp 1-1 (138.2+35.0 mg/mL) was significantly
higher than that in Hp 2-1 (121.4+£29.6 mg/mL) and Hp 2-1 (124.5%+29.7
mg/mL) (p = 0.024). In patients with CAD, the mean apoA-I levels are
found to be remarkably lower in all the phenotypes (107.4+28.0 mg/mL) than
in controls (125.6+£32.6 mg/mL). However, none of the other lipoid (except
HDL) levels are significantly different from that of control subjects. Thus,
we demonstrate that low apoA-I level in plasma is a superior risk factor in
patients with CAD. Except apoAl, age in CAD group (67.3+9.5) is older
than normal control (61.4+12.3). It matches the reported that the incidence
of cardiovascular disease in adults is increase with age of life. The

proportion of male in CAD (91%) is higher than normal control (70%). Men



show higher risk scores of coronary artery disease risk than women.

We have attempted to only address whether Hp phenotypes are
associated with coronary artery disease and tested the hypothesis whether or
not Hp phenotypes may become a risk factor when and other established risk
factors (age, sex, hypertension, and apoAl levels) are adjusted. Stepwise
conditional logistic regression analysi;s, confirms that more than doubling in
susceptibility of coronary artery disease rates in the Hp 1-1 group compared
with the rest, with an adjusted odds ratio of 2.22 in Hp 1-1/ Hp 2-1and 2.19 in
Hp 1-1/Hp 2-2. Thus, the data strongly suggest that Hp 1-1 was associated
with CAD.

We also show that the Hp 1-1 phenotype distribution in Taiwan, China,
and Southeast Asia are dramatically different from the other countries. Hp
1-1 distribution in Africa is more than 20 % and up to 49% in Liberia,
between 10~20% in Europe and North America, and less than 10 % in Asia.
The dominant Hp 1-1 distribution is among New Guinea and Chile (Indians)

with values greater than 56%.
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In the last decades, all Hp related studies have been hampered with slow
progress because of the difficulty of the purification of this protein. One
major rationale is the heterogeneity and the nature of the molecule itself.
Up-to-date, we have developed two isolation methods for purifying Hp from
human plasma and reported in peer-reviewed journals. It definitely
facilitates the future functional studies in this area. Few previous reports
have pointed out that phenotypes of Hp (1-1. 2-1, 2-2) are related with
coronary artery disease, especially with atherosclerosis. In our published
results, Hp was found to possess an extremely potent antioxidant activity,
which was 5-10 times greater than that of probucol, a well-known potent

antioxidant in treating patients with atherosclerosis. The finding provides a
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critical milestone in currently related area, which we have recently published
in PROTEOMICS of 2004.  In a coliaboration with the Cardiology Division
of Veterans General Hospital at Taipei, approximately of 1,200 subjects with
and without coronary artery disease have been investigated for studying
whether Hp phenotype is an independent risk-factor associated with
atherosclerosis. These data including the analyses of age, gender, lipid, and
lipoprotein profiles have recently been completed and gone through statistical
evaluation. The manuscript will be submitted by the end of year 2004 in a
well-reputed Journal. With respect to the binding of Hp to hemoglobin, we
have produced a monoclonal antibody capable of blocking the interaction
between Hp and hemoglobin. Epitope mapping indicates residues 105-116
of Hp P-chain is recognized by the antibody, suggesting this domain is
responsible for hemoglobin binding and Cys-105 was critically involved.
This study provides a potential insight for the future delineation of Hp
binding site for hemoglobin which is currently unknown. Moreover, we are
excited by finding the existence of a point deletion in Hp allele 1 mRNA in all
phenotypes of human samples. The deletion mutation results in forming a
stop codon. As such, a truncated short peptide of Hp is putatively expressed
without physiologic function as compared to the wild type. The existence of
this truncated mRNA has not been reported to the best of knowledge. We
plan to submit this critical report by the first quarter of year 2005.

= HEHRIARE T H2AEAR QLI A REIH — 8 RFH
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This is a second-year report (2003-2004) for the 3-year contract grant
funded by National Healthy Research Institute (NHRI). First, we deeply
appreciate for the funding support from NHRI to provide us the opportunity
to conduct this study. With this support, in the last two years, 3 SCI papers
and 16 conference reports (including 5 international conference reports) have

been published and 3 manuscripts will be submitted by the end of year 2004.

The initial goal of this proposal is to test the hypothésis whether or not the
phenotypes of Hp (Hp 1-1, 2-2, and 2-1) are related to the patients with
coronary artery disease (CAD) and to explore the functional role of Hp in

atherogenesis. The specific aims in tne next 3 years are to:

1. Develop a new and fast approach for human Hp phenotping (Hp 1-1, 2-2,
and 2-1) using monoclonal antibodies, and to test the hypothesis whether
or not Hp phenotypes are correlated to the patients with coronary artery
disease in Taiwan (2003-2005).

2. Study the Hp mRNA expression in macrophages and SMC in the
presence of oxidized LDL and lipoproteins VLDL, LDL, and HDL

15



(2003-2004).

3. Test the hypothesis that Hp may exert an antioxidant role in macrophages
and SMC transfected with sense and antisense Hp cDNA; to define the
antioxidant activity of Hp phenotypes in vitro (2003-2004).

4. Investigate the functional role of Hp in the progression of atherosclerosis
using cholesterol-fed rabbits and antiatherogenic effect (if any) using Hp

transgenic mice (2004-2005).

Haptoglobin (Hp) is an acute-phase protein, its plasma levels increase
consistently in response to infection and inflammation. The concentration of
human plasma Hp is ranged between 1 and 1.5 mg/ ml. Similar to blood
types, each individual of human Hp is classified as Hp 1-1, 2-1, or 2-2. The
structural and functional analysis of the Hp, however, has not been studied in
detail due to its difficult isolation procedure. In this study, we have
established two purification methods wusing a high capacity
hemoglobin-affinity column and a antibody-affinity column chromatography.
Briefly, DEAE-purified human hemoglobin was first coupled to Sepharose 4B
to prepare an affinity column in a 15-ml bed volume. Following a flow
through of human plasma and an extensive wash, the bound material was
eluted with a solution of 0.15 M NaCl, pH 11 (adjusted by ammonium), to
remove low-affinity bound proteins. The high-affinity bound Hp was then
eluted with 0.15 M NaCl containing 5 M urea, pH 11, and collected in tubes
containing 100 ml of 1 M Tris buffer, pH 7.0. The biological activity of
dialyzed Hp was retained as it formed a complex with hemoglobin on a
sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE).
Using this procedure, approximately 10 mg of Hp 1-1, with homogeneity
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greater than 96%, was obtained from 15 ml of human plasma. The purified
Hp 2-1 or 2-2, however, contained trace amounts of apoA-I with the similar
approach. The Hp could be further purified by HPLC using a Superose 12
gel-permeation chromatography, if desired, to achieve 100% purity. All the
phenotypes of purified Hp consisted of a and B chains on SDS-PAGE in the
presence of a reducing reagent, further confirmed by a Western blot analysis.
We conclude that human hemoglobin-affinity column was most suitable for
the isolation of Hp 1-1 in large quantities. Whereas, one additional step using

a gel-permeation was necessary for that of Hp 2-1 and 2-2.

The antibody affinity column provides a simple protocol that can be used to
purify each Hp phenotype. Plasma was first passed through an affinity
column coupled with a high affinity Hp monoclonal antibody. The bound
material was washed with a buffer containing 0.2 M NaCl and 0.02 M
phosphate, pH 7.4, eluted at pH 11, and collected in tubes containing 1 M
Tris-HCI, pH 6.8. The crude Hp fraction was then chromatographed on a
HPLC Superose 12 column in 0.05 M ammonium bicarbonate at a flow rate
of 0.5 ml/min. The homogeneity of purified Hp 1-1, 2-1, or 2-2 was greater
than 95% as judged by SDS polyacrylamide gel electrophoresis. Essentially,
each Hp isolated was not contaminated with hemoglobin and apolipoprotein
A-I as that reported from the other methods, and was able to bind hemoglobin.
Neuraminidase treatment demonstrated that the purified Hp possessed a
carbohydrate moiety, while Western blot analysis confirmed and chains
corresponding to each Hp 1-1, 2-1, and 2-2 phenotype. The procedures
described here represent a significant improvement in current purification
methods for the isolation of Hp phenotypes. Circular dichroic spectra
showed that the a-helical content of Hp 1-1 (29%) was higher than that of Hp
2-1(22%) and 2-2 (21%)
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We also explored that Hp was an extremely potent antioxidant, which directly
prevented LDL from Cu2+-induced oxidation. Its potency was markedly
superior to probucol: one of the most potent antioxidants. The IC50 of
antioxidant activity in ranking was: Hp 1-1> Hp 2-1> Hp 2-2> probucol>
vitamin E. Blockage of disulfide linkages between Hp subunits, not only
abolished the a-helical content but also diminished its ability to form a
complex with hemoglobin (Hb). It exerted almost 4 x greater antioxidant
activity than that of native Hp. To investigate antioxidant role of Hp on the
cellular level, the cDNA of Hp 1-1 was cloned, constructed (containing the
pcDNA3.0 vector with CMV promoter) and transfected to CHO-K1 cells.
Following the transfection, these CHO cells were able to express Hp 1-1
protein and significantly (P<0.001) elevated the tolerance against the
oxidative stress. The elevation was about twice-higher than that normal
CHO cells when challenged with hydrogen peroxide for 24 h. Thus, Hp
plays a provocative antioxidant role as demonstrated in our in vitro and ex

vivo studies.

Previously, we have prepared several lines of mAb against human plasma Hp
and employed them for isolation of Hp. In the present study, we test the
hypothesis whether these mAb could be used to explore the Hp-hemoglobin
interaction. Each antibody was purified as an IgG form to at least 90%

homogeneity prior to carry out the entire studies.

From more than 20 mAb screened using a previous established method, only
8B1 could inhibit the binding of hemoglobin to Hp. We than randomly
chose the other 5 mAb as negative controls. A typical example showing the

formation of Hp-hemoglobin complex on gel-exclusion HPLC and its
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blockage by mAb 8B1 is depicted. The properties of the mAb with respect
to their subunit specificity, binding affinity, and sensitivity to limited trypsin
digestion for Hp were then determined. The data exhibit that the inhibitory
mAb 8B1 recognized Hp B-chain, but failed to bind Hp upon the trypsin
treatment. Whereas, G2D and an a-chain specific mAb W1 possessing no
inhibitory activity were not affected on trypsinized Hp. The inhibitory
activity for the hemoglobin binding appears not due to the extraordinary
binding affinity, since the other non-inhibitory mAb were with similar binding
affinity to Hp. Furthermore, combination of the other 5 mAb did not reveal
the inhibition for Hp-hemoglobin binding

Next, we attempted to map out the antigenic epitope recognized by this 8B1
mAb. Since the limited trypsin cleavage on Hp resulted in a total loss of its
immunoreactivity, suggesting that either Lys or Arg or both was essential to
maintain the antigenic structure or probably lied in the epitope. In the next
experiment, we addressed whether the Cys residues of Hp may participate the
antigenic role for 8Bl mAb. The Cys residues were then chemically
modified by carboxymethylation. Previously, we have demonstrated that
carboxymethylated reduction disassembled the cross-linking between «
(Cys-72) and B (Cys-105) chains of Hp on SDS-PAGE confirming Cys-105 of
B-chain was carboxymethylated. Each chain was identical to Hp subunit in
the presence of reducing reagent B-mercaptoethanol. The present study
shows that the carboxymethylation substantially attenuated the
immunoreactivity for 8B1 mAb, but not for G2D mAb. The finding
implicated that Cys-105 might be involved in the binding for 8B1. It was
extremely interesting that carboxymethylation on Cys-105 of Hp B-chain also
abolished its binding to hemoglobin. Therefore, we speculated that Cys-105
participated for both hemoglobin and inhibitory mAb binding. However,
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carboxymethylation also altered the overall structure of Hp; we could not rule
out that the loss of immunoreactivity might be correlated to the overall
conformational changes of Hp. In other words, 8B1 could be a

“conformational” mAb.

Hp B-chain consists of 246 amino acid residues and has been suggested
responsible for the binding to hemoglobin. A recent study using
recombinant f-chain of Hp indicates that residues 80-161 are capable of
binding hemoglobin with the ability almost equivalent to the full length 1-246.
Although the result has not been reconfirmed by the others, it was legitimate
to assume that our inhibitory 8B1 mAb also recognized the epitope within
residues 80-161. From our carboxymethylation and trypsin-treatment
experiments, Cys-105, Lys, or Arg residue could be involved in maintaining
the antigenic structure. In considering Pro residues are usually located at or
near to the immunoreactive domain vy forming a loop at the surface of a
given protein, we hypothesized that there was one domain, namely residues

105-119, highly possible for the binding of 8B1.

Accordingly, a solid-phase peptide array containing this predicted region
(residues 105-119) and other eight either overlapped or non-overlapped
synthetic peptides (each with 15 residues) within the residues 80-161 was
prepared. These peptides were directly synthesized on a nitrocellulose
membrane. After binding of our mAb followed by a HRP-conjugated
secondary antibody, the array was developed using a chemiluminescent agent.
We found that the epitope was exactly located in the predicted region:
residues 105-119 (peptide 7) containing Cys-105 with other Arg, Lys, and Pro
residues. Fig. 3 suggests that residues Ala-112 and Glu-113 were cructal for

8B1 recognition, since peptides 2 and 3 cleaved between these two residues
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did not yield any immunoreactivity.

To further delineate the antigenic residues in the COOH-terminus of peptide
105-119, peptides 10, 11, and 12 were then prepared. Peptide 10 without
COOH-terminal Gly-115 and Arg-116 did not exhibit immunoreactivity, while
equal immunoreactivity was fourd between peptides 11 and 12.
Interpretation of the activity among peptides 7, 10, 11, and 12, and the
carboxymethylated data; the putative antigenic determinant appeared to be
between residues 105-116 or
Cys-Leu-Pro-Ser-Lys-Asp-Tyr-Ala-Glu-Val-Gly-Arg.  Notably this region
contains two positively and two negatively charged residues, formation a
stable ionic pair over the overall structure of Hp is likely. Although the
crystal graphic structure of Hp has not as yet been elucidated, in theory this
region with the insertion of Pro-117 (usually lies on the loop) should be
located at or near to the surface of Hp for rendering the antibody interaction.
Nevertheless, our antigenic mapping suggests that residues 105-116 of Hp
B-chain was located at the surface and could be involved in the binding for
hemoglobin, which has not been shown previously. It also confirms an early
report that the hemoglobin binding domain is located between residues
80-161.

Several lines of evidence indicate that the antigenic epitope we defined was
reasonably correct. First, the size of an epitope is relatively small usually
containing 8-12 amino-acid residues as demonstrated by us and the others.
Second, the 105-116 epitope contains both acidic and basic residues and Pro
which are commonly present in an antigenic site. Third, the epitope
recognized by inhibitory 8b1 mAb consisting of Cys-105 was consistent to
the effect of carboxymethylation data, in which Hp binding either for
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antibody or for hemoglobin was diminished.

Furthermore, to test the accuracy of defined epitope region, we first compared
the sequence homology between human and mouse. The key rationale is
that part of the antigenic determinant of human Hp (residues 105-116) has to
differ from that of mouse, so that the monoclonal antibody can be made from
the mouse. It confirms our prediction with the difference lies in the
COOH-terminus of mouse Hp. Other species such as rabbit, pig, and rat
were also examined. Mutation of Ala-112 and Glu-113 significantly reduced
(in pig) or abolished (in mouse and rat) the immunoreactivity. The finding
was again consistent to the peptide array assay, in which cleavage between
Ala-112 and Glu-113 resulted in a total loss of the immunoreactivity. A
slight decrease in activity was found in that of rabbit; presumably substitution
of Ala-112 with Thr-112 did not significantly alter the solution property of Hp.
Thus, the sequence homology depicted may aid us to interpret the difference

in immunoreactivity among the species.

Following the comparison of séquence homology of epitope among the
different species, we were puzzling the relevant binding site of Hp involved
for hemoglobin when considering the fact that this site should be well
conserved. However, analysis of the NH2-terminal half (residues 105-111 or
Cys-Leu-Pro-Ser-Lys-Asp-Tyr) of the epitope, it reveals that sequence
105-111 is completely identical among the species we observed. It is
plausible to interpret this conserved region was responsible for both inhibitory
antibody and hemoglobin recognition, whereas two or three residues lie in the
COOH-terminus determined the antigenic specificity among the species.
Another possibility is that this 8B1 mAb binds to a region in proximity to the

hemoglobin binding site and hence possesses the inhibitory activity via a



steric hindrance.

Nevertheless, the epitope (residus 105-116) we mapped should be
theoretically on the surface of Hp molecule for facilitating the antibody
binding. We examined the crystal structures of chymotrpsin and trypsin,
since these two serine proteases possess strong homology to Hp P chain in
primary structure (greater than 50% as calculated from the protein data bank).
The sequence alignment among these three molecules revealing a good
homology between the epitope region 105-116 of Hp and the proteases. It is
of striking interest that this homology motif is exactly located at the edged
surface of chymotrpsin and trypsin with a random coil structure. It is of
worth mentioning that the authentic structure of this region in Hp should
await the establishment of the Hp 3D-structure. In conclusion, we have
produced a hemoglobin-blocking antibody recognizing the residues 105-116
of Hp B-chain. It provides a potential tool for the future delineation of Hp

binding site for hemoglobin which is currently unknown.

Regarding to the relationship between Hp phenotypes and CAD patients, less
than 8% of the normal population in Taiwan corresponded to Hp 1-1, while
Hp 2-1 and 2-2 were about 42% and 50%. Such distribution was similar to
other Far East Asian areas: China, Korea, and Japan. Hp 1-1 or 2-2
represents the homozygous individuals from human allele-1 or allele-2,
respectively, located at chromosome 16q22.1. It is puzzling, however, that
the heterozygous Hp 2-1 individuals generally account for 50% among all the
populations, even though the frequency of Hp 1-1 is as low as 8% in
Southeast Asia. Genetically, since a 2 structure of Hp 2-2 contains one
complete a 1 copy and a partial repeat of a 1 (as a result of & 1 insertion) and

the a 2 structure has not been found in non-human subjects, as such human
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phenotype 2-2 may be evolved later than Hp 1-1. Hp 2-2 homozygous is
then reproduced from heterozygous 2-1. Haptoglobin genotype is an
independent risk factor for cardiovascular disease and that this relationship is

specific for diabetes.

Hp 2-2 molecule was significantly less than Hp 2-1 and 1-1 in protection from
Cu2+-induced LDL oxidation. We respected to the mechanism involved in
the pathogenesis of Hp phenotypes in CAD, The present study demonstrates
that Hp phenotype was associated with CAD. The data was reported by
Melamed-Frank et al, 2002, in which they demonstrate that the antioxidant
effect of Hp 1-1 is differentially superior to Hp 2-1 and 2-2 using
hemoglobin-induced LDL oxidation, a protection mechanism thought to be
mediated through Hp-Hb complex formation. In patients with diabetes
mellitus developing nephropathy, Nakhoul et al (2001, Diabetologia) have
postulated that the differences in the molecular shape and size between the Hp
1-1 and 2-2 are involved. Recently, we have shown that a significant overall
difference in structure between Hp 1-1 and Hp 2-1 or 2-2 using a circular
dichroic spectrum analysis. We suggest that the availability of “functional
surfaces” of Hp 1-1 and 2-1 may be greater than that of Hp 2-2. This is
because that only the Hp 2-2 can form heterogeneous cyclic polymers with
some of the functional domains “buried” inside the bulky arrangement.
Such structural diversity may account, in part, for the clinical outcome by
which Hp 2-2 phenotype is associated with susceptibility to CAD and other
related diseases. Nevertheless, identification and understanding of the
biochemical basis for the differences among Hp phenotypes may lead to a
rational design in intervening new pharmacological agents, such as mini-Hp,

which have been recently proposed.
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In control group, Hp 1-1 has higher concentrate of apoAl. It was readily
known that apo Al concentration was a marker of atherosclerosis. Plasma
level of apoAl is an important determinant and is more useful than HDL
cholesterol for identifying patients with coronary artery disease. So to
estimate other risk factors for CAD, it must adjust the apoAl level before
statistic. The higher concentration of apo Al the lower of atherosclerosis
frequency. Apo Al is thought to be better predictor of coronary artery
disease than HDL cholesterol. Apo Al is the major component of HDL, and
it displays anti-atherogenic properties. Michelle C. et al reported that apoAl
concentration was an independent predictor of CAD. On the other hand, the
increase risk of coronary artery disease with the increase in age occurred due
to a combination of factors. According to Kannel and Wilson, the incidence
of cardiovascular disease in adults doubles approximately at each decade of
life. Men had higher risk scores and were more concentrated in the highest
positions of the ranges of coronary risk than women did. The biological
explanation for this fact could be the female protection provided by estrogen,
which has a direct effect on the circulatory system, causing vasodilatation and
inhibiting the progression of the atherosclerotic processes, avoiding, therefore,
ischemic events. Hypertension and coronary artery disease (CAD) are often
associated, reflecting common origins in lifestyle and the role of hypertension

as a risk factor for CAD.

To estimate the really effect of Hp phenotypes on CAD, these existed
conventional risk factors should be considered to modulate and predict the
susceptibility in the general population to atherosclerotic coronary artery
disease. Therefore, we used the conditional stepwise logical regression to
export the masked effects. Compare the phenotypes distribution of Hp show

dramatic geographical differences. Haptoglobin polymorphism is associated
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the prevalence and clinical evolution of many inflammatory diseases,
including infections, atherosclerosis, and autoimmune disorders. The strong
genetic pressure favoring the Hp 2-2 phenotype' suggests an important role of
Hp in human pathology. The Phenotype distribution difference of various
populations is probability programmed in geographic differences in diseases
(diabetes, cardiovascular disease, certain cancers, and infection diseases).
For example, Hp 1-1 is associated with susceptibility to falciparum malaria
and the development of severe complications; alternatively, the other
phenotypes may confer resistance. It had been reported that women with the
Hp 1-1 reproduce at an earlier age and have higher natural fertility potential
than women with other Hp genotype. The highest distribution of Hp 1-1 in
the world, 1t could partially explain the earlier reproduce in Africa than other
area. It has been proposed that the Hp-2 allele was originated at about 2
million years ago and had since spread over the world under a strong genetic
pressure, which favors the Hp 2-2 phenotype displacing the monopoly of Hp
1 allele gradually. The greatest value of Hp 1-1 distribution is being in the
West Africa (49%) and Indians of Chile (56-63%), with the Hp 2-2
distribution less than 10%. Its distribution decreases from West Africa (49%)
in the direction of East Africa (25%), Northwest Europe (16%), Southeast
Europe (15%) to Asia (2-8%) (5-12,26-46). Thus, the data suggest that Hp
phenotype distribution variance might be regarded as an index factor in
relation to ancient human population migration. In the patient with diabetes
increased oxidative stress, differences in genetically determined endogenous

antioxidant protection may have exaggerated importance.
Finally, since Hp phenotype is an independent risk factor in developing CAD

and its provocative antioxidant role in protecting atherosclerosis,

determination of Hp concentrations in human plasma would be essential.
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One concept that has received much recent attention for the pathogenesis of
atherosclerosis is the LDL-modification hypothesis, which postulates that
atherosclerotic plaque resulted from the uptake of oxidized LDL by
macrophages in the arterial wall followed by smooth muscle (SMC) migration
and proliferation. Inflammatory phenomena at sites of atherosclerotic
plaques are increasingly thought to be major determinants of the progression
and clinical outcome of atherosclerosis disease. Therefore, attention is being
paid to systemic markers that may reflect the inflammatory activity in the
plaques. Recently we found that haptoglobin (Hp), an acute phase protein
elevated sharply during the infection and inflammation, was substantially
accumulated in atherosclerotic lesions. Subsequently, we demonstrated that
Hp was endogenously synthesized in macrophages, but not in SMC. We
also demonstrated in vitro that Hp is a highly potent antioxidant superior to
probucol. Nevertheless, while the pathogenesis of atherosclerosis has been
continuously explored, the Hp molecule that may protect against the
progression of atherosclerosis has never been reported. The clinical
outcome as from this study should provide the highlight of the mechanism
involved in the atherosclerosis. The clinical test in determination of the
concentration of Hp may bring some commercial values in the diagnosis of
Hp related diseases. On the other hands, students trained in our laboratory
should provide significant contribution in future development of

biotechnology and biomedical research.
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In the next year, we plan to explore the detailed antioxidant mechanism of Hp

and to define the exact antioxidant domain. Thus, it may develop a mini-Hp
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as a therapeutic agent in treating free radical associated diseases. We also
plan to prepare si-RNA as a probe to knock-out the expression of Hp to study
the physiologic role in cells containing Hp. In addition, we have identified
minipigs and 3 patients deficient with Hp, we attempt to address the
molecular mechanism involved. Some of the task force are described below

in Section 6.

N ORITARY

While reporting the first 2 year progress, we have published 3 SCI papers and
16 conference abstracts providing the new insights in Hp purification and
physiologic significance. There are about 10 students in PI’s laboratory who
are currently engaging the studies of Hp. The solution property of Hp shows
that Hp 1-1 possesses high surface area as demonstrated by its
immunoreactivity.  Antioxidant activity study reveals that Hp is an
extremely potent molecule in protecting cell from oxidative stress as judged
by the CHO cells transfected with Hp ¢cDNA. Clinical study using 1200
subjects shows that Hp 1-1 phenotype is associated with the development of
atherosclerosis, when apolipoprotein A-I concentration is adjusted.
Currently, we have developed a new approach for the determination of Hp
level in those patients. In an another preliminary study, we have identified 3
subjects whose Hp appealing to be deficient by a hemoglobin binding study.
A follow-up study is underway to further explore its molecular mechanism.
Another exciting finding is that we have also identified few minipigs, which
contain no Hp in their plasma using hemoglobin binding, gel electrophoretic,
and Westernblot analyses. This year we have purchased a peptide
synthesizer, by which two major peptide corresponding to the [ -chain of Hp
have been chemically synthesized to define their functional domain.
Hopefully, a mini-Hp can be identified as a therapeutic agent for

atherosclerosis.
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In addition, we are now designing the si-RNA to knockout the expression of
cells containing Hp to delineate the function of this protein. Furthermore,
cloning of Hp promoter is underway to study the molecular regulation of
cellular Hp, and attempts to perform microinjection in preparing the Hp
transgenic mice. We are confident that we are capable of taking the
leadership in the area Hp research in the next 5 years, since all the
biochemical and molecular tools are available. It is worth mentioning that
we have identified a mutation or a deletion of a single nucleotide that causing
a trauncated [ -chain in human subjects with Hp 2-2 phenotype. In
conclusion, many new dimensions of the structure-function studies of Hp
have been emerged from our laboratory, we hope to bring the excitement of
these findings into future clinical outcomes. Finally, we would like to thank
all the research supports of National Health Research Institute (NHRI) for
funding our ongoing studies and to keep sponsoring such a meaningful
program.
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Abstract

Haptoglobin (Hp) is an acute-phase protein; its plasma levels increase consistently in response to infection and
inflammation. The concentration of human plasma Hp is ranged between 1 and 1.5 mg/ml. Similar to blood type, individual
human Hp is classified as Hp 1-1, 2-1, or 2-2. The structural and functional analysis of the Hp, however, has not been
studied in detail due to its difficult isolation procedure. Previously, we reported a single step for the purification of porcine
Hp. In this study, we established a purification method using a high capacity hemoglobin-affinity column, Briefly,
DEAE-purified human hemoglobin was first coupled to Sepharose 4B to prepare an affinity cofumn in a 15-m] bed volume,
Following a flow through of human plasma and an extensive wash, the bound material was eluted with a solution of 0.15 M
NaCl, pH t1 (adjusted by ammonium), to remove low-affinity bound proteins. The high-affinity bound Hp was then eluted
with 0.15 M NaCl containing 5 M urea, pH 11, and collected in tubes containing 100 pl of 1 M Tris buffer, pH 7.0, The
biological activity of dialyzed Hp was retained as it formed a complex with hemogiobin on a sodium dodecyl
sulfate-polyactylamide gel electrophoresis (SDS—PAGE). Using this procedure, approximately 10 mg of Hp 1-1, with
homogeneity greater than 96%, was obtained from 15 ml of human plasma. Affinity purified Hp 2-1 or 2-2, however,
contained trace amounts of apoA-I with the similar approach. The Hp could be further purified by HPLC using a Superose
12 gel-permeation chromatography, if desired, to achieve 100% purity. All the phenotypes of purified Hp consisted of « and
B chains on SDS-PAGE in the presence of a reducing reagent, further confirmed by a Western blot analysis. We conclude
that human hemoglobin-affinity column was most suitable for the isolation of Hp 1-1 in large quantities. Whereas, one
additional step using a gel-permeation was necessary for that of Hp 2-1 and 2-2.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Affinity adsorbents; Haptoglobin; Proteins; Glycoproteins

1. Introduction

Haptoglobin (Hp), also known as an a-2 glycopro-
tein, is a hemoglobin-binding protein present in
plasma of all vertebrates and is believed to partici-

*Corresponding author. Tel: +886-3-571-2121x56939 or
56948, fax: +886-3-572-9288.
E-mail address: maol010@ms7 hinet.net ($.J.T. Mao).

pate in hemoglobin transport. The concentration of
Hp in human plasma is relatively high ranging from
1.0 to 1.5 mg/ml [1,2], which may increase as an
acute-phase protein Iin response to a variety of
injuries and inflammatory disease states [3,4]. For
this reason, Hp is useful as a diagnostic marker and
as a clinical evaluation of many inflammatory dis-
eases, Human Hp is a tetrameric structure linked by
disulfide linkages among the two « and two B chains

1570-0232/03/8 - sce front matter © 2003 Elsevier Science B,V, All rights reserved.
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Fig. 1. Schematic drawing of the phenotype structure of human Hp 1-t, 2-1, and 2-2 (top). All three phenotypes share a common structure
of B chains. The degree of polymerization within the inter-molecular arrangement is shown. The difference between «l and o2 chains and
their combinations determine the Hp phenotype (bottom). o2 is a duplicate of ol with a repeat insert of residues 12-70. Making it simple,
a2 (142 amino acids} contains two repeated domains showing a unique sequence of EADDG (residues 69-73) at the splicing site.

[5~7]. Based on the length of a chains, there are
three phenotypes of Hp in the population, Hp 1-1,
2-1, and 2-2 (Fig. 1), which are similar to that of
blood types. All the phenotypes share the same two
B chains [each with about molecular mass (M)
40 000 including 243 amino acids and approximate
30% (w/w) carbohydrate moiety] [5~7). A typical
structure of homozygous Hp 1-1 is composed of two
identical a 1 chains (each with about M, 9000
including 83 amino acids). Whereas, Hp 2-2 is
composed of two identical « 2 chains (142 amino
acids) as compared to that of heterozygous Hp 2-1
containing each o 2 and « 1 (Fig. 1). Likewise, the
tetrameric arrangement is also found in other animal
species such as rat, rabbit, and pig [3,8—10]. How-
ever, the two af units joined by a non-covalent
interaction, rather than a disulfide bridge, are found
in dog, cat, and bear [11,12].

Several functional differences between Hp
phenotypes have been demonstrated, appearing to
have important biological and clinical consequences
[1,2,13,14]. For example, patients with phenotype
Hp 1-1 are less prone to the development of in-

flammatory-related cardiovascular diseases and dia-
betics than that with Hp 2-1 and 2-2 [13-15).
Although the protein has been well characterized
genetically, the exact physiological role and the
biochemical mechanism by which Hp !-1 is more
resistance to those inflammatory-related diseases are
not well understood. The later has been hampered by
the availability of Hp, which is mainly due to the
considerably difficult procedures for Hp purification.
Commercially prepared Hp is not only expensive
lacking the biological activity, but also heteroge-
necus containing the mixture of three phenotypes
isolated from the plasma pools.

Currently, the most common procedures involved
for the purification of human Hp are associated with
electrophoresis, affinity chromatography using a
monoclonal antibody, and multiple high-performance
liquid chromatography (HPLC} steps [16—20]. These
methods are useful but are troublesome and time-
consuming, and the quantity of Hp obtained is
relatively small. Affinity column purification using
chicken hemoglobin has been reported [19,21]. The
binding affinity of chicken hemoglobin to human Hp,
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however, is less than that of human hemoglobin
[1,2]. The method [21] was satisfactory for Hp
purification in species other than humans, but re-
quired a few column-steps for human Hp [19].
Previously, we established a simple purification
method with high yield for porcine plasma Hp. The
method, however, was not practical in the isolation
of human samples due to the heterogeneity of human
Hp [22]. In the present report, we describe a
purification procedure for human Hp 1-1, 2-1, and
2-2 using an affinity column that was immobilized
with highly purified human hemoglobin. Approxi-
mately 8—10 mg of human Hp can be obtained from
15 ml of plasma. The procedure can be easily scaled
up for Hp 1-1 purification. A simple hemoglobin
isolation procedure using an isocratic DEAE HPLC
system is also desecribed.

2. Experimental
2.1. Materials

Goat anti-human haptoglobin was purchased from
Calbiochem-Novabiochem (San Diego, CA, USA),
All other chemicals were purchased from Sigma (St.
Louis, MO, USA} and Merck (Darmstadt, Germany)
without any further purification.

2.2. Preparation and purification of human
hemoglobin

Fresh human blood collected in 0.1% EDTA was
immediately centrifuged at 3000 g for 25 min, after
which time plasma was removed by aspiration. The
remaining red blood cells (RBCs) were washed five
times with three volumes of phosphate-buffered
saline (PBS) containing 0.12 M NaCl and 12 mM
phosphate, pH 7.2, and then lysed with two volumes
of deionized water at 4 °C, Cell debris was removed
by centrifugation at 3500 g for 30 min. The superna-
tant containing mostly hemoglobin was fractionated
by 50% saturated ammonium sulfate at 4 °C for 30
min followed by a centrifugation at 4500 g for 40
min at 4 °C. The supernatant was dialyzed against
0.02 M sodium phosphate, pH 8.0, at 4 °C overnight
followed by a filtration through a 0.45 pm nylon
fiber prior to HPLC.

The HPLC system (Waters) consisted of two
pumps, an automatic sample injector, a photodiode
array detector, and an interface module [23,24]. A
Bio-Scale DEAE column (10X1.5 cm) packed with
an anion-exchange Macro-Prep and equilibrated with
20 mM phosphate buffer, pH 8.0, at a flow-rate of
1 ml/min, was used for hemoglobin purification.
Partially purified ammonium sulfate fraction of
hemoglobin (total 50 mg in 2 ml) was applied to the
column followed by an elution with the initial buffer
at a flow-rate of 1 ml/min. The chromatographic
profile was monitored by a photodiode array detector
and read at 280 nm.

2.3, Preparation of human hemoglobin-affinity
column

DEAE-purified human hemoglobin was first cou-
pled to CNBr-activated Sepharose-4B (Pharmacia,
Uppsala, Sweden) according to the manufacturer’s
procedures. Briefly, 5 g of freeze—dried Sepharose
was swollen and suspended in 1 mM HCl and
immediately washed 3X within 15 min with the
same solution on a glass filter [23,25]). The gel was
then washed with a coupling buffer containing 0.1 M
NaHCO,, and 0.5 M NaCl, pH 8.0, and subsequently
degassed. A 2-ml volume of hemoglobin (25 mg/
ml), pre-dialyzed in the coupling buffer, was slowly
added to the gel (in 25 ml), while gently stirring for
1 h at room temperature. After coupling, the gel was
washed 3X with the coupling buffer (200 ml) to
remove uncoupled hemoglobin via a glass filter.
Finally, the gel was treated with 0.1 M Tris—HCI, pH
8.0, for 2 h at room temperature to saturate the
remaining reactive sites of Sepharose. The coupling
efficiency of hemoglobin to gel was approximately
of 98%. The degassed gel was then packed onto a
20X 1.5 cm column and extensively washed with two
cycles of PBS, pH 7.2, and 0.15 M NaCl, pH 11,
which was adjusted by ammonium as previously
described [25].

2.4, Isolation of Hp by human hemoglobin-affinity
column

Initially, 15 ml of human plasma was loaded onto
the hemoglobin-affinity column (15 ml in bed vol-
ume) at room temperature without incubation, fol-
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lowed by an extensive wash with 200 ml of PBS.
The bound materials were first eluted with three
volumes of 0.15 M NaCl, pH 11 (adjusted by
ammonium), as fraction 1 [25] and then eluted with
three volumes of 5 M urea in 0.15 M NaCl, pH 11
(freshly prepared and filtered), as fraction 2. A 5-ml
volume of each fraction was collected in a tube
containing 0.! ml of 1 M Tris—HCI, pH 7.0, to
immediately neutralize the pH value. Pooled frac-
tions containing Hp were then dialyzed at 4°C
overnight with three changes of PBS.

2.5. Gel electrophoresis and densitometry

Sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis (S8DS-PAGE) and native PAGE were
performed according to the Laemmli’s method [26]
with some modification as previously described [22].
Samples (typically 10 pg) for SDS-PAGE were
preheated at 100°C for 10-15 min in an SDS
loading buffer [50 mM Tris—-HCI, 2% (w/v) SDS,
100 mM 2-mercaptoethanol, pH 6.8], For molecular
mass calibration, a subset of the following standards
was included in each gel: B-galactosidase (116 000),
phosphorylase B (97 000), bovine serum albumin
(BSA, 66 000), ovalbumin {45 000), carbonic anhy-
drase (31 000), soybean trypsin inhibitor (21 500),
lysozyme (14 400), and aprotinin (6500). The sam-
ples were run for 0.5 to 1 h at 120 V and stained by a
Coomassie brilliant blue G-250. Densitomertic anal-
ysis of SDS-PAGE gel was performed using a
Molecular Dynamics densitometer for data acquisi-
tion and Image Quant software for integration and
analysis.

2.6, Immunoblot analysis

Following the separation of proteins by SDS-
PAGE, the gel was soaked in a transfer buffer
containing 50 mM Tris—HCI, 50 mf boric acid, and
1 mM EDTA, pH 8.2, for 30 min, The gel was then
transferred to a nitrocellulose membrane (Pharmacia)
at 100 mA for 1 h in a semi-dry transfer cell
(Bio-Rad) containing a transfer buffer. The mem-
brane was immersed in 1% BSA, Tween-containing
Tris-buffered saline (TTBS) [20 mM Tris-HC), 50
mM NaCl, 0.05% (w/v) Tween 20, pH 74] for 1 h
with gentle shaking at room temperature. Following

a wash with TTBS for 3 min, the membrane was
incubated with a primary antibody [1:2500 dilution
in TTBS containing 1% (w/v) BSA] for | h at rcom
temperature and washed three times with TTBS. The
membrane was then incubated with 1:5000 diluted
antiserum against goat immunoglobulin G (IgG)
conjugated with horseradish peroxidase for 1 h in
TTBS containing 1% (w/v) BSA. Finally, the mem-
brane was washed three times with TTBS and
developed into a color immunoblot with 3,3'-
diaminobenzidine (DAB)-stabilized substrate for
horseradish peroxidase [22].

3. Results
3.1. Purification of human hemoglobin

A typical HPLC profile for the purification of
ammonium sulfate fractionated hemoglobin is shown
in Fig. 2. Both SDS-PAGE and native-PAGE analy-
ses show that the homogeneity of purified hemoglo-
bin was greater than 96% (Fig. 3).
3.2. Preparation of hemoglobin-affinity column

In theory, the purity of human hemoglobin ob-
tained from ammonium sulfate fractionation was
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Fig. 2. Typical purification profile of human hemoglobin on
DEAE HPLC. About 5 mg of 50% saturated ammonium sulfatc
top fraction was applied to a DEAE column (10X1,5 cm) pre-
equilibrated with 20 mA phosphate, pH 8.0. A mobile phase
containing the same buffer was run through for 10 min at 2
flow-rate of 1 ml/min. A linear gradient was produced from 0 to
0.3 M of NaCl to regenerate the DEAE resin. The same procedure
was used for the purification of hemoglobin in large scale (total of
50 mg in 2 ml) as described in the Experimental scction.
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A. SDS-PAGE B. Native-PAGE
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Fig. 3. Analyses of purified human hemoglobin using SDS-PAGE
(A) and native-PAGE (B). (A) Lane M represents the molecular
mass markers (molecular masses X1077), Lanes 1-3 represent
hemoglobin obtained from the RBC lysate, top fraction of 50%
saturated ammonium sulfate precipitation, and DEAE HPLC,
respectively. Approximately 15 pg of each protein was loaded on
an 18% SDS-PAGE in the presence of a reducing reagent. (B)
Lanes 1-3 represent hemoglobin obtained from RBC lysate, top
fraction of 50% saturated ammonium sulfate precipitation, and
DEAE HPLC, respectively, Each protein was loaded on a 10%
native-PAGE.

adequate in preparing affinity column for Hp purifi-
cation as that described using chicken hemoglobin
[19]. However in a preliminary application, we found
that column immobilized with ammenium sulfate
fraction of hemoglobin could produce significant
plasma clots and subsequently demolished the chro-
matography (data not shown). This clotting effect,
however, was not observed when DEAE-purified
hemoglobin was employed for affinity column.
Using native-PAGE to evaluate the binding capacity
of Sepharose 4B immobilized with human hemoglo-
bin, the capacity we estimated was approximately
between 0.75 and 1.13 mg of Hp 1-1 per mg of
hemoglobin (Fig. 4). This binding capacity was 20-
times greater than that reported using chicken hemo-
globin [19].

3.3. Isolation of human Hp by hemoglobin-affinity
column chromatography

Fig. 5 shows a typical chromatography using an
affinity column conjugated with highly purified
human hemoglobin. Initially, 15 ml of plasma of Hp

v Nl W) f— HpHb
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Fig. 4. Evaluation of binding capacity of hemoglobin-conjugated
Sepharose to Hp in plasma. Briefly, plasma containing Hp was
passed through 1 rml of conjugated Sepharose column. The pass-
through fraction was collected and mixed with free hemoglobin.
The unbound or remaining Hp, if any, was able to form a
Hp-hemoglobin complex displaying an extra band in a 7% native-
PAGE. Lanes: 1=human plasma prior to the affinity column;
2=purified hemoglobin; 3=plasma spiked with purified hemogle-
bin showing a Hp-hemoglobin complex; 4-8=samples of 0.25,
0.5, 0.75, 1.0, and 2.0 ml plasma passed through a hemoglobin-
Sepharose containing | mg of hemoglobin, respectively. No Hp
was detected in lanes 4 and 5 when 0.25-0.5 ml of plasma was
applied onto the conjugated Sepharose. According to our calcula-
tion, 1 mg of hemoglobin coupted on Sepharose could bind about
0.75 to 1.13 mg Hp (lanes 5 and 6),

1-1 was applied to the column followed by an
extensive wash (Fig. 5); the bound protein was first
eluted with 0.15 M NaCl, pH 1! (fraction 1) to
remove the low-affinity binding proteins such and
apoA-l. The column was then eluted with 0.15 M
NaCl containing 5 M urea, pH 11 (fraction 2} for
high-affinity binding Hp. Each eluent was immedi-
ately neutralized in the tube containing 100 pl of
1 M Tris—HCI, pH 7.0 (Fig. 5). SDS—-PAGE analysis
on fraction 1 revealed that it contained mostly high-
molecular-mass proteins and apoA-I (Figs. 6 and 7),
but not in fraction 2. The purity of Hp 1-1 in fraction
2 was approximately 96%. The recovery of Hp in
fraction 2 was approximately 45.5% from the plasma
with a final of 77-fold purification (Table 1). Under
the same condition, however, some apoA-l was
found to be co-eluted in the fraction 2 of Hp 2-1 and
2-2 (Figs. 6 and 7). The contaminated apoA-I could
be further removed (data not shown) using a single
step on HPLC Superose 12 as previously described
by us [22]. A typical Western blot analysis showing
three isolated phenotypes of Hp is depicted in Fig. 7.
The presence of apoA-I in Hp 2-1 and 2-2 was
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Fig. 5. Typical elution profile of hemoglobin-affinity column
chromatography of plasma containing Hp 1-1 (A), Hp 2-1 (B), and
Hp 2-Z (C). Initially, 15 mi of human plasma was applied to the
hemoglobin-&ffinity column followed by an extensive wash with
200 mi of PBS. The bound materials were first ¢luted with three
volumes of 0.15 M NaCl, pH 11 (adjusted by ammonium), as
fraction | and then eluted with three volumes of freshly preparcd
and filtered 5 M urea in 0.15 M NaCl, pH 11, as fraction 2. A
5-ml volume of each fraction was collected in a tube containing
0.1 ml of 1 M Tris~HC], pH 7.0, to immediately neutralize the pH
value,

unavoidable using hemoglobin-based affinity column
and was confirmed by a monoclonal antibody pre-
pared against apoA-l1 (Fig. 7). Nevertheless, the
major isolation procedure was simple and can be
achieved within a few hours. This procedure should
be widely used for the purification of Hp and
particularly for 1-1 phenotype.

1 2 3 4 5 B M
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Hp 1= W i e 44,4
w-— 85

Fig. 6. Analyses of isolated Hp from affinity column on 15%
SDS-PAGE. Lanes: M=molecular mass markers, | =plasma of
Hp 1-1, 2=a typical pass-through fraction (Hp 1-1 plasma) from
hemoglobin-affinity chromatography, 3=a typical sample from
fraction | (Hp 1-1) contaminated mostly apoA-I and proteins with
large molecular mass. Lanes 4 and 6 represent fraction 2 of
isolated Hp 1-1, 2-1, and 2-2, respectively. Notably, apoA-I is
co-¢luted in Hp 2-1 and 2-2.

4. Discussion

The acute phase serum protein, Hp, response to
infection, inflammation, and trauma has been iden-
tified in a number of species. Methods designed for
large isolation of human Hp have been complicated
and time-consuming. We have recently described a
single-step purification procedure for porcine Hp

Hpﬂﬂw YR chp e

«— apo A-l

Fig. 7. Western blot analyses on affinity-purified human Hp 1-1,
2-1, and 2-2 by a goat antibody prepared against human haptog-
lobin, Lanes; 1=Hp standard purified from a human plasma pocl,
2-4=affinity-purified Hp 1-1, 2-1, and 2-2, respectively, 5 and
6=the apoA-I co-eluted in affinity-purified Hp 2-1 and 2-2
fractions by a mouse monoclonal antibody prepared against
human apoA-I. Purified Hp 1-1 did not reveal immunoreactive
apoA-I (data not shown).
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Table 1

Analytical recovery of haptoglobin 1-1 purified from 15 ml human plasma

Total protein Theoretical amount Total Hp Final yield Purity Fold

ftom plasma (mg) of Hp (mg) yield (mg) (%) (%) purification
1755 22 10 45.5 >96 77

using HPLC gel-permeation chromatography in the
presence of 5 M urea [22]. The procedure, however,
could not be rteproduced in human Hp isolation.
Presumably, the human Hp structure is more compli-
cated in its polymerization nature (Fig. 1) than that
of pig. Thus, the purification for human Hp has been
hampered by its structural diversity as each Hp 1-1,
2-1, and 2-2 has average molecular masses of
1060 000, 220 000, and 400 000, respectively (Fig. 1).
Although the procedure using a salting-out of plasma
proteins followed by anion-exchange chromatog-
raphy has been recommended, the reproducibility
(including the yield) is rather poor due to the
heterogeneity of its polymerization form of Hp 2-1
and 2-2 [20,27,28]. It is almost not feasible to isolate
Hp 2-2 as a pool and to study its biochemical
properties.

An immunoaffinity chromatography method to
purify human Hp had been developed using a two-
monoclonal antibody system [20], in which the
phenotypes and the final purity of Hp were not
specified. The yield, on the other hand, is limited and
utilized only for the preparation of antigen and
polyclonal antibodies [20].

With respect to hemoglobin-affinity column,
Rademacher and Steele [19] have reported use of
Sepharose immobilized with chicken hemoglobin.
However, an attempt using human hemoglobin for
the purification of human Hp was unsuccessful [19].
The method we employed was different from that of
chicken hemoglobin-Sepharose chromatography.
First, our human hemoglobin-Sepharese had a bind-
ing capacity 0.75-1.00 mg Hp/mg hemoglobin that
was about 20 times greater than that of using chicken
hemoglobin (Fig. 4). Second, our results demon-
strated that highly purified hemoglobin via DEAE
chromatography should be used for the affinity
column rather than a crude extract of hemoglobin
from ammonium sulfate fraction described previous-
ly [19). Under this condition, the formation of
plasma clots in the column could be eliminated.

Third, the pH of each eluted fraction was immedi-
ately neutralized by a 1 M Tris buffer, pH 7.0, to
restore the biological activity (complex formation
between Hp and hemoglobin). It is worth mentioning
that ammonium, rather than a high-capacity buffer
solution, was used for adjusting the final pH of the
saline solution (pH 11) in eluting the Hp; this was
because the eluent could be easily neutralized by a
Tris buffer. A similar procedure was employed
previously in our laboratory [25]. Fourth, the most
contaminants of proteins that bound weakly or non-
specifically to the affinity column were differentially
removed using pH 11 saline solution (Fig. 5, fraction
1). Fifth, unlike phenotypes Hp 2-1 and 2-2, Hp 1-1
could be isolated without apoA-l contaminant, as
confirmed by a Western blot analysis (Fig. 7).

In the present study, about 8-10 mg of Hp 1-1
could be isolated from 15 ml of human plasma in
one isolation. A similar yield of Hp 2-1 and 2-2 was
obtained, but it required a further gel-filtration to
remove apoA-I. The mechanism by which the affini-
ty column favored the Hp 1-1 purification is not
readily clear. Since Hp 2-1 and 2-2 molecules are
largely polymerized by disulfide linkages with mo-
lecular weights ranging from 153 000 to 1200 000
[6], these polymers may more accessibly “trap” the
apoA-I than that of monomeric Hp I-1. To address
this assumption, we applied purified-apoA-1 [25]
directly to the affinity column, There was no apoA-I
binding to the column suggesting that apoA-1 did not
interact with hemoglobin in the absence of Hp (data
not shown). On the other hand, apoA-I may weakly
bind to Hp and therefore was co-cluted with Hp
during the purification. Regardless, the apoA-l de-
ficient plasma, which can be easily obtained by a
simple ultra-centrifugation for the removal of high-
density lipoproteins [25], may be ultimately consid-
ered for the purification of all Hp phenotypes. This
experimental procedure is currently in progress in
our laboratory.

In conclusion, human hemoglobin could be cen-
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veniently isolated in large quantities by ammonium
sulfate fractionation followed by a HPLC DEAE
column. Immobilized human hemoglobin had a
binding capacity about 20-times greater than that of
chicken hemoglobin and could be more suitable for
the purification of phenotype Hp 1-1. Accordingly,
the procedure described in this report can be simply
scaled up using a 100-ml bed affinity column for
even larger Hp purification. This Hp purification
procedure is currently used in our laboratory; the
resulting Hp has been utilized in studying the
structural and functional relationship and preparing
polyclonal and monoclonal antibodies,
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Abstract

Similar to blood type, human plasma haptoglobin (Hp) is classified as 3 phenotypes: Hp 1-1, 2-1, or 2-2. The structural
and functional relationship between the phenotypes, however, has not been studied in detail due to the complicated and
difficult isolation procedures. This report provides a simple protocol that can be used to purify each Hp phenotype. Plasma
was first passed through an affinity column coupled with a high affinity Hp monoclonal antibody. The bound material was
washed with a buffer containing 0.2M NaCl and 0.02M phosphate, pH 7.4, eluted at pH 11, and collected in tubes con-
taining 1 M Tris-HCl, pH 6.8. The crude Hp fraction was then chromatographed on a HPLC Superose 12 column in 0.05 M
ammonium bicarbonate at a flow rate of 0.5ml/min. The homogeneity of purified Hp 1-1, 2-1, or 2-2 was greater than 95%
as judged by SDS-polyacrylamide gel electrophoresis. Essentially, each Hp isolated was not contaminated with hemoglobin
and apolipoprotein A-I as that reported from the other methods, and was able to bind hemoglobin. Neuraminidase treatment
demonstrated that the purified Hp possessed a carbohydrate moiety, while Western blot analysis confirmed « and § chains
corresponding to each Hp 1-1, 2-1, and 2-2 phenotype. The procedures described here represent a significant improvement in
current purification methods for the isolation of Hp phenotypes. Circular dichroic spectra showed that the a-helical content
of Hp 1-1 (29%) was higher than that of Hp 2-1 {22%), and 2-2 (21%). The structural difference with respect to its clinical

relevance is discussed.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Human haptoglobin 1-1, 2-1, 2-2; Affinity purification; a-helix; Monoclonal antibodies

Hp is known as an acute phase protein and its
plasma level elevates in response to inflection or in-
flammation. For this reason, Hp is a usefu] indicator
for some infectious diseases [1-3]. It is also a hemo-
globin-binding protein present in the plasma of all
vertebrates and believed to participate in hemoglobin
transport [4].

Human Hp is a tetrameric structure joined by
disulfide linkages among the 2a and 2B chains [4-6].
Based on the length of « chains, there are three phe-
notypes of Hp in the population, Hp 1-1, 2-1, and 2-2
(Fig. 1). All the phenotypes share the same 28 chains
(each with about M; 40,000kDa containing 243 amino
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E-mail address: maol010@ms7.hinet.net (5.J.T. Mao).

1046-5928/% - see front matter @ 2003 Elsevier Inc. All rights reserved.
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acids and approximately 30% carbohydrate). A typical
structure of homozygous Hp 1-1 is composed of two
identical ol chains (each with about M. 9000kDa
containing 83 amino acids). Homozygous Hp 2-2 is
composed of two identical ®2 chains (each with about
M; 16,500kDa containing 142 amino acids) as com-
pared to that of heterozygous Hp 2-1 containing one
each of ®2 and al (Fig. 1). Likewise, the tetrameric
arrangement is also found in other animal species such
as rat, rabbit, and pig [7-12]. However the two iden-
tical @p units (Hp 1-1), joined by a non-covalent in-
teraction rather than a disulfide bridge, are found in
dog, cat, and bear [13,14].

Clinically, polymeric form of Hp 2-1 or 2-2 is as-
sociated with the complications of myocardial infarc-
tion {15], kidney failure [i6], and diabetics [17).
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Fig. 1. Schematic drawing of proposed structure of human Hp 1-1, 2-1, and 2-2. All three phenotypes share a common structure of B chains (please
also see [4]). The degree of polymerization within the inter-molecular arrangement is shown.

Presumably, this was due to the complicated structure
of Hp 2-1 and 2-2 as it forms heterogenecus polymers,
in which some of the biologically functional groups are
not fully expressed on the surface (Fig. 1). The as-
sumption, however, has not been tested because the
structural and functional studies are hampered by lack
of a straightforward isolation procedure in preparing
sufficient Hp phenotypes. The methods currently used
for the purification of Hp frequently suffer some
drawbacks. For example, Rademacher et al. [18] utilize
the chicken hemoglobin-Sepharose affinity column to
isolate human Hp; the harsh-elution condition (8 M
urea) causes the dissociation of a hemoglobin subunit
from the Sepharose. Meanwhile, human apolipoprotein
A-T appears to be another major contaminant. Wassdal
et al. [19] use rabbit hemoglobin—Sepharose; the he-
moglobin is still co-eluted from the column. Travis
et al. [20] employ Sephadex G-200 gel filtration, but the
purified Hp is accompanied with !arge amounts of IgM
and a-2 macroglobulin. Morimatsu et al. [21] provide a
modified method using HPLC with anion-exchange,
Sephacryl 5-300, TSK Phenyl-5PW, and TSK DEAE-
SPW columns together; the procedures however are
time-consuming and the yield is relatively low (2.5mg
per 130ml acute phase serum). Although Katnik et al.
[22] have shown a single-step isolation for Hp using an
antibody-affinity column, the phenotypes, final purity,
and the biclogical properties of Hp are not fully re-
ported. Presumably, the purpose of their report was to
use isolated Hp for raising monoclonal antibodies [22].
The similar antibody affinity-column procedure [22)
was employed in our laboratory, but the isolated Hp
was not pure. In the present report, we established
simple two-step procedures for each Hp 1-1, 2-1, and
2-2 purification using a monoclonal antibedy affinity-
column followed by a HPLC Superose 12 gel filtration.
Finally, some of the biochemical and physical proper-

ties with respect to each Hp phenotype were charac-
terized and discussed.

Materials and methods
Materials

Goat polyclonal antibody against human Hp was
purchased from Sigma (St. Louis, MO, USA). Rabbit
anti-Goat IgG was purchased from Chemicon. CNBr-
activated Sepharose 4B was purchased from Pharma-
cia. All other chemicals were purchased from Sigma
(St. Louis, MO) and Merck (Darmstadt, Germany)
without any further purification. The buffers used in
this report were all filtered through a 0.45pum filter
before using.

Preparation of monoclonal antibody against Hp

Six monoclonal antibodies: 8BI-3A, WI1-11G,
2-3H, G2D-7G, 12B-1, and 4A2-4H, against human
Hp were produced and characterized according to the
standard procedures established in our laboratory
{23). Moncclonal antibody 8BI1-3A, which possessed
the highest binding affinity to Hp, was selected for
preparation of the affinity column, Briefly, 120ml of
cultured medium from the 8B1-3A hybridoma was
first precipitated in 50% saturated ammonium sulfate.
The precipitate was dissolved in 12ml of phosphate-
buffered saline containing 0.02M phosphate and
0.15M NaCl, pH 7.4 (PBS). The solution was then
dialyzed exhaustively in PBS to remove the remaining
ammonium sulfate, followed by a dialysis in coupling
buffer containing 0.1 M NaHCO; and 0.5M NaCl,
pH 8.3.
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Preparation of antibody affinity column

Dialyzed monoclonal antibody was first coupled to
CNBr-activated Sepharose-4B (Pharmacia, Uppsala,
Sweden) according to manufacturer’s procedures.
Briefly, 2.86 g of freeze-dried Sepharose (1 g of freeze-
dried powder gave about 3.5ml final volume of gel)
was swollen and suspended in 1mM HCI and imme-
diately washed with 20x volume of the same solution
within 15min on a sintered glass filter [24-26]. The gel
was then washed with coupling buffer containing 0.1 M
NaHCO; and 0.5M NaCl, pH 8.3, and degassed.
About 10ml (18.7mg/ml) of ammonium-sulfate frac-

tton of monoclonal antibody in coupling buffer was .

slowly added into the gel (in 15ml), while gently stir-
ring by a magnetic bar for 1h at room temperature.
After coupling, the gel was washed with 10x volume of
PBS to remove unbound materials via a sintered glass
filter, The gel was then treated with a blocking solution
containing 0.1 M Tris-HCl and 0.5M NaCl, pH 8.0,
for 2h at room temperature to saturate the remaining
reactive-sites. The degassed gel was then washed with 3
cycles of blocking buffer and a 0.15M NaCl solution of
pH 110 (adjusted by ammonium) according to the
procedures previously described by us [26]. Finally, the
gel was equilibrated in PBS and packed onto a
1.5 x 20cm column.

Purification of hwman Hp using antibody affinity-column
chromatography

Initially, 1 ml of filtered human plasma of each Hp-
phenotype batch was loaded onto the antibody affinity-
column (10ml in bed volume) at room temperature,
The column was then washed with 50ml PBS. The
bound materials were washed further with 50ml of
0.02M phosphate buffer containing 0.2M NaCl, pH
7.4, and then eluted with 50m! of a freshly prepared
0.15M NaCl solution with pH 11 adjusted by ammo-
nium [26). Five milliliters of each fraction was collected
in a tube containing 0.25ml of 1 M Trs—HCI buffer,
pH 6.8, to immediately neutralize the pH value. Pooled
fractions containing Hp were then concentrated to a
final volume of 1ml using an Amicon centrifugal filter
(Millipore).

Further purification of Hp by gel filtration column

Concentrated solution with Hp was filtered with a
0.45um nylon fiber prior to HPLC. The HPLC sys-
tem (Waters) consisted of two pumps, an automatic
sample injector and a photodiode array detector.
Superose 12 column (1 x 30cm) (Pharmacia) was used
for further Hp purification. The column was pre-
equilibrated with 50mM ammonium bicarbonate.
Partially purified Hp (0.8ml) was applied to the

‘column at a flow rate of 0.5ml/min. Fractions con-

taining Hp were pooled and concentrated to a final
volume of 1ml using an Amicon centrifugal fitter
and then lyophilized. The lyophilized Hp was stored
at ~80°C until analyzing.

Gel electrophoresis and densitometry

Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according to
Laemmli’s method [27] with some modifications in
using 5% polyacrylamide (w/v) on the stacking gel as
previously described [7]. Samples (typically 5pug) for
SDS-PAGE were preheated at 100°C for 10min in a

‘loading buffer (12mM Tris-HCI, pH 6.8, 0.4% SDS

(wiv), 5% glycerol (viv), 2.88mM of 2-mercap-
toethanol, and 0.02% bromphenol blue {w/v)). For
molecular weight calibration, a subset of the following
standards was included in each gel: myosin (200kDa),
B-galactosidase (116kDa), phosphorylase B (97 kDa),
serum albumin (66kDa), ovalbumin (45kDa), car-
bonic anhydrase (3! kDa), soybean trypsin inhibitor
(21.5kDa), lysozyme (14.4kDa), and aprotinin
{6.5kDa). The samples were run for about 1.5h at
100V and stained using Coomassie brilliant blue R-
250. Densitometric analysis of SDS-PAGE was per-
formed using a Molecular Dynamics densitometer
for data acquisition and Image Quant software for
integration and analysis.

Immunoblot analysis

Following the separation of proteins by SDS-
PAGE, the gel and nitrocellulose- and 3MM filter-
papers were soaked in a transfer buffer containing
48 mM Tris~-HC], 39 mM glycine, 0.037% SDS (w/v),
and 20% methanol (v/v) at pH 8.3 for 30min. The gel
was then electrotransferred to a nitrocellulose mem-
brane (Pharmacia) at 90mA for 1h in a semi-dry
transfer cell (Bio-Rad) containing a transfer buffer.
The transferred membrane was then immersed in 5%
skimmed milk (w/v) in PBS for 1h at room temper-

"ature while shaking gently. After three times washing

with PBS for 5min, the membrane was incubated with
a primary goat polycional antibody against human Hp
(1:5000 dilution in PBS washing buffer containing 1%
(wiv) skimmed milk and 0.05% Tween 20 (v/v) for 1h)
at room temperature and washed three times for
Smin. The membrane was then incubated with
1:10,000 diluted rabbit anti-goat IgG conjugated with
horseradish peroxidase in washing buffer for 1h. In
addition, the membrane was washed two times with
washing buffer and further washed once with PBS,
Finally, the membrane was developed using 3,3'-di-
aminobenzidine (DAB) as a substrate for horseradish
peroxidase {7,25].
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Circular dichroic spectra

The lyophilized Hp was dissolved in 10mM phos-
phate buffer at pH 7.4 with a final concentration of
0.2mg/ml. About 300pul of Hp sclution was used to
analyze within a cuvette of 1-mm path length, Circular
dichroic spectrum was conducted between 190 and
300nm in a Jasco J-715 spectropolarimeter. The ob-
tained spectrum of each type of Hp was accumulated
for 20 times at a scanning rate of 50 nm/min and the
percentage a-helical content was estimated from the
mean residue molar elliplicity (f223). % a-he-
lix = {(f222 + 3000} /(36,000 + 3000)] x 100 [28].

Results
Preparation of monoclonal antibody against Hp

Six monoclonal antibodies prepared against Hp were
characterized, in which 8B1-3A possessed the highest
binding affinity (K, = 5.6 x 10° M~!) and was chosen to
prepare an affinity column. The binding capacity esti-
mated was greater than 100 pg of Hp per ml of coupled
Sepharose (data not shown).

Purification of human Hp using antibody affinity column
chromatography

Fig. 2 shows a typical chromatographic profile for
Hp 1-1, 2-1, and 2-2 purification on the affinity column.
Human plasma was applied to the column followed by
an extensive wash with a phosphate buffer containing
0.2M NaCl. It is worth mentioning that this pre-wash
step differed from the conventional method in which
0.12M NaCl was used. Using 0.2 M NaCl, most of the
low-affinity binding proteins were eliminated (Fig. 3).
Hp was then cluted at pH 11 and collected in tubes
containing 0.25ml of 1 M Tris-HCl, pH 6.8, to imme-
diately neutralize the pH. The purity of each Hp phe-
notype was approximately 60-80% in homogeneity as
analyzed on SDS-PAGE. Apolipoprotein A-1 appeared
to be a major contaminant. All the phenotypes of Hp
converted to « (el or o2 or both) and B subunits in the
presence of the reducing reagent (Fig. 3). A typical
Western blot analysis showing 3 isolated phenotypes is
depicted in Fig. 4. The recovery of Hp at this step ac-
counted for 75-94% of the Hp from the plasma with a
final step of 51- to 54-fold purification (Table 1).

Further purification of Hp on HPLC gel-filtration column

The obtained Hp 1-1, 2-1, or 2-2 fraction was con-
centrated and applied onto a gel-filtration Superose 12
column pre-equilibrated with 0.05M of ammonium bi-
carbonate, pH 8.0. Chromatographic profiles (Fig. 5)
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Fig. 2. Typical purification profile of human Hp on antibody affinity-
column. One milliliter of human plasma was applied to an antibody
affinity-column {pre-equilibrated with PBS, pH 7.4} followed by a
wash in 10mM phosphate buffer containing 0.2 M NaCl, pH 7.4. The
bound Hp was then cluted in a solution at pH 11 and collected in tubes
containing 0.25ml of I M Tris, pH 6.8.

revealed that the solution property of each Hp pheno-
type was consistent with its molecular form, in which Hp
1-1 was more homogeneous in size with longer elution
time than those of Hp 2-1 and 2-2, Purity of each phe-
notype was then analyzed on SDS-PAGE containing
the reducing reagent 2-mercaptoethancl. Homogeneity
of each phenotype was greater than 95% (Fig. 6).
Thus, HPLC Superose column was markedly effective in
removing the apoA-I contaminant. ’
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Fig. 3. Analysis of isolated Hp from affinity column using 12% $D5—
PAGE in the presence of reducing reagent. Lane M: molecular markers
(expressed as kDa). Lanes 1-2: plasma before and after flowing
through the affinity column, respectively. Lane 3: low-affinity binding
proteins washed with 10 mM phosphate buffer containing 0.2 M NaCl,
pH 7.4, Lane 4: the eluted Hp as described in Fig. 2,

Western blot analysis in the absence of a reducing
reagent demonstrated that Hp 2-1 and 2-2 were all
polymeric (Fig. 7), in which Hp 2-2 was devoid of
monomer and dimer consistent with the proposed
structure of Hp (Fig. 1). Thus, our purification proce-
dures did not apparently alter the structural character-
istics of Hp phenotypes.

The polymeric structure of isolated Hp and its binding to
hemoglobin

We studied further the ionic property of isolated Hp
1-1, 2-1, and 2-2 on a native-PAGE; the distinct poly-
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Fig. 4. Western blot analysis of Hp isolated from antibody affinity-
column. Following a 12% SDS-PAGE, the separated proteins were
transferred, blocked, and developed by a goat anti-human Hp. Lane
M: molecular markers. Lanes 1-2: plasma before and aflter flowing
through the affinity column, respectively. Lane 3: low-affinity binding
proteins washed with 10 mM phosphate buffer containing 0.2 M NaCl,
pH 7.4. Lane 4: the eluted Hp.

morphism of each phenotype was also observed (Fig. 8).
Hp 2-2 was the most basic among the Hp phenotypes.
Since hemoglobin (Hb) is able to bind Hp and to form a
Hb~Hp complex [10], Fig. 8 demonstrates that the Hb
could form Hb-Hp complex with each Hp phenotype we
isolated.
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Table |
Analytical recovery and yield of haptoglobin purified from 1 ml of human plasma
Plasma Affinity column Gel filtration

(A) Hp 1-1
Total protein (mg) 102 1.41 0.88
Moiety of Hp (mg) 1.46 1.09* 0.81%
Purity (%)® 1.43 77 922
Fold purification 1 54 64
Recovery (%) ico 75 55
Yield (mg) — — 0.81

(B) Hp 2-1
Total protein {(mg)} 101 1.80 0.72
Moiety of Hp (mg) LI L10* 0.71%
Purity (%) L16 61 98
Fold purification 1 53 84
Recovery (%) 100 94 61
Yield (mg) — - on

(C)Hp 22
Total protein (mg) 100 1.53 0.81
Moiety of Hp {mg) 1.2¢ 0.98" 0.7¢
Purity (%)® 1.26 64 94
Fold purification 1 51 75
Recovery (%) 100 78 &0
Yield (mg) - - 0.76

*The concentration of each human Hp phenotype was determined using an ELISA currently used in our laboratory.

 Determined by densitometer using digital Image Quant software.

Circular dichroic spectra

To characterize the secondary structure of each Hp
phenotype, we determined the conformation of Hp by
CD (Fig. 9). The estimated «-helical content was about
29, 22, and 21% for Hp 1-1, 2-1, and 2-2, respectively
(Table 2). Statistically, the a-helical content in Hp 1-1
was significantly higher than those in Hp 2-1 and 2-2
(P < 0.001).

Discussion

Purification of human Hp has been hampered for
years due to its structural diversity as described above
{7,18-21). In the present study, plasma without any
additional manipulations {e.g., ammonium-sulfate pre-
cipitation) was utilized for Hp isolation. With the use
of 2 0.2M NaCl wash in our procedures, most of the
nonspecific low-affinity binding proteins were eluted
from the column. Nevertheless, the affinity purified Hp
1-1, 2-1 or 2-2 analyzed on SDS-PAGE was only 60—
80% pure (Fig. 3). HPLC Superose 12 column ap-
peared to be superior to the other methods in the
second-step purification since apolipoprotein A-I, a
major contaminant, and other unknown high molecu-
lar-weight proteins were almost eliminated. The solu-
tion property of each Hp phenotype on this Superose
column was consistent with its molecular forms, of
which Hp 1-1 was more homogeneous than the other

two species in size. Notably, the elution time of each
phenotype was also consistent with the size of Hp, in
which the polymeric forms of Hp 2-2 and 2-1 were
eluted earlier, respectively (Fig. 5). Western blot anal-
ysis on the polymeric structure of isolated Hp using 6%
SDS-PAGE without reducing reagent (Fig. 7) revealed
its structural identity to that originally present in
plasma (data not shown). It also confirmed that the
isolated Hp 2-1 was heterogeneous in nature containing
Hp monomer and dimer, while the polymeric Hp 2-2
contained neither,

Subsequently, we show that each phenotype of iso-
lated Hp possessed the ability to bind hemoglobin
(Fig. 8), although we cannot presently address whether
or not the binding potency might be attenuated during
the isolation. Meanwhile, we demonstrated the presence
of carbohydrate moiety in isolated Hp as neuraminidase
treatment could remove the terminal sialic acid residues
from the Hp in a time-dependent manner similar to our
previous study [7] (data not shown),

Taking together, the Hp isolated from the antibody
affinity-column combined with HPLC Superose 12 ex-
hibited advantages over the conventional methods.
First, the heterogeneous particles of Hp 2-1 or 2-2 could
be obtained in one pool as polymeric forms. Second, the
co-eluted hemoglobin from hemoglobin affinity-column
[19] was eliminated in the present study. Using an
ELISA for hemoglobin assay, we could not detect he-
moglobin in the Hp we isolated (data not shown). Third,
the isolated Hp not only retained its ability to bind
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Fig. 5. Typical chromatographic profile of affinity isolated Hp on
HPLC Superose 12 columa. Isolated Hp 1-1, 2-1, or 2-2 from the af-
finity columnn was first concentrated and applied to a HPLC Superose
12 pre-equilibrated in 50 mM of ammonium bicarbonate, pH 8.0. The
same solution was used in the mobile phase at a flow rate of 0.5 ml/ml.
The filled bar represents the pooled fractions corresponding to isolated
Hp.

hemoglobin (Fig. 8), but also blocked the peroxidase
activity of hemoglobin {data not shown).

The CD spectrum of each Hp phenotype was deter-
mined to estimate the secondary structure of Hp. For
the first time, according to the best of our knowledge, we
showed that the a-helical content of Hp 1-1, 2-1, and 2-2
was 29, 22, and 21%, respectively. Hp 1-1 possessed a
more ordered structure than those of polymeric forms of
Hp 2-1 and 2-2. Moreover, we identified that the im-
munoreactivity of Hp 1-1 was also greater than those of
Hp 2-1 and 2-2. For example, the monoclonal antibody
used in our affinity column (8B1-3A) exhibited an af-
finity (K,) of 5.58 x 10%, 2.81 x 10°, and 2.19 x 10° M~!
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Fig. 6. Analysis of purified Hp from antibody affinity and HPLC gel
filtration column on 15% SDS-PAGE in the presence of reducing re-
agent. M: molecular markers. (A) Isolated Hp from affinity column
alone. (B) Purifiecd Hp from an additional separation on HPLC
Superose 12 column.

kDa M 1 2 3

. -fpr dimer
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P S

Fig. 7. Western blot analysis of pelymeri¢ structure of purified Hp on
6% SDS-PAGE in the absence of reducing reagent. Lane M: molecular
markers. Lanes 1-3: purified Hp -1, 2-1, and 2.2, respectively, Nota-
bly, the Hp 2-1 contains monomeric and dimeric forms of Hp 1-1:
whereas the Hp 2-2 is devoid of both.

against Hp -1, 2-1, and 2-2, respectively. The latter
result suggests that the availability of “functional” sur-
faces of Hp 1-1 may be greater as compared to those of
Hp 2-1 and 2-2. Such structural differences may explain,
in part, the clinical outcome by which Hp phenotype is
associated with differential susceptibility to infections,
atherosclerosis, and autoimmune disorders [3,29]. These
effects are correlated with a phenotype-dependent
modulation of oxidative stress and prostaglandin
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Fip. 8. Analysis of hemoglobin-binding property of purified Hp 1-1, 2-
1, and 2-2 on a 7% native-PAGE. Briefly, each Hp phenotype (5ug)
was incubated with and without hemoglobin (Hb) (5pg) at room
temperature for 30min before conducting the native-PAGE. The gel
was then stained with Coomassie Blue R-250. Hp of each phenotype
was shifted to basic upon the binding of Hb.
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Fig. 9. Circular dichroic spectra of Hp 1-1, 2-1, and 2-2. Each Hp in
10 mM phosphate bufler, pH 7.4, at a final concentration of 8.2 mg/ml
was monitored by a circular dichroism. Each spectrum represents a
mean of 20x determinations,

Table 2
«-Helical content of each Hp phenotype as determined by CD
Hp 1-1 Hp 2-1 Hp 2-2
a-Helix 29%° 22% 21%

“Significant difference as compared to Hp 2-1 or Hp 222
(P < 0.001).

synthesis. In general, patients with Hp 2-2 are more
susceptible to develop severity of the diseases mentioned
above. Identification of the biochemical basis for the
differences among Hp phenotypes may lead to a rational
design in intervening new pharmacological agents, such
as mini-Hp, which have been recently proposed [30].

In conclusion, due to the structural heterogeneity, it
is difficult to purify Hp from human plasma, particularly
with the Hp 2-1 and 2-2 polymers. The present report
provides a simple method for the purification of Hp
phenotypes with relatively high yield. Hp {-1, 2-1, and 2-
2 can therefore be prepared and used for the study of
structural and functional relationship with the patho-
genesis in the diseases of interest.

Acknowledgment

This work was supported by the Grant NHRI-EX92-
922981 (S.J.T.M.) from the National Health Research
Institute, Taiwan, ROC.

References

[1] M.T.M. Raijmakers, EIM. Roes, R.H.M. te Morsche, E.A.P.
Steegers, W.H.M. Peters, Haptoglobin and its association with the
HELLP syndrome, J. Med. Genet, 40 (2003} 214-216.

[2] G. Engstrom, L. Stavenow, B. Hedblad, P. Lind, K.F. Eriksson,
L. Janzon, F. Lindgarde, Inflammation-sensitive plasma proteins,
diabetes, and mortality and incidence of myocardial infarction
and stroke: & population-based study, Diabetes 52 (2003) 442-447.

[3] A.P, Levy, I. Hochberg, K. Jablonski, H.E. Resnick, E.T. Les, L.
Best, B.V. Howard, Haptoglobin phenotype is an independent risk
factor for cardiovascular disease in individuals with diabetes: the
strong heart study, J. Am. Coll. Cardiol. 40 (2002) £984—1950.

[4] M. Kristiansen, JH. Graversen, C. Jacobsen, O. Sonne, H.
Hoffman, S.K.A. Law, S5.K. Moe¢strup, ldentification of the
haemoglobin scavenger receptor, Nature 409 (2001) 198-201.

[5] N. Maeda, Q. Smithies, The evolution of multigene families:
human haptoglobin genes, Annu. Rev. Genet. 20 (1986) 81-108.

[6] D. Patzelt, G. Geserick, H. Schroder, The genetic haptoglobin
polymorphism: relevance of paternity assessment, Electrophoresis
9 (1988) 393-397.

[7] 8.J. Yang, S.J.T. Mao, Simple high-performance liquid chro-
matographic purification procedure for porcine plasma haptoglo-
bin, J. Chromatogr. B. 731 (1999) 395-402.

(8] J.M. Hanley, T.H. Haugen, E.C. Heath, Biosynthesis and
processing of rat haptoglobin, J. Biol. Chem. 258 (1983) 7858-
7869.

(9] L.H. Fraser, D.B. Smith, Studies on porcine haptoglobin and its
complex with human hemoglobin, Can, J. Biochem. 49 (1971)
141-147.

{10] H. Baumann, G.P. Jahreis, Regulation of mouse haptoglobin
synthesis, J. Cell Biol. 97 (1983) 728-736.

i 1] V. Chow, A, Kurosky, R.K. Murrary, Studies on the biosynthesis
of rabbit haptoglobin, J. Biol, Chem. 259 (1984) 66226629,

[12] W.H. Busby Jr., J.C. Travis, Structure and evolution of artiodac-
tyla haptoglobins, Comp. Biochem. Physiol. B 60 (1978) 389-396.

[13] A. Kurosky, R.E. Hay, B.H. Bowman, Canine haptoglobin: a
unigue haptoglobin subunit arrangement, Comp. Biochem. Phys-
iol. B 62 (1979 339-344.

[14] K. Mominoki, N. Nakagawa-Tosa, M. Morimatsu, B. Syuto, M.
Saito, Haptoglobin in Carnivora: a unique molecular structure in
bear, cat and dog haptoglobins, Comp. Biochem. Physiol. B 110
(1995) 785-789.

{15] G. Engstrom, P. Lind, B. Hedblad, P. Wollmer, L. Stavenow, L.
Janzon, F. Lindgarde, Lung function and cardiovascular risk:



C.F. Tseng et al. | Protein Expression and Purification 33 (2004) 265-273 273

relationship with inflammation-sensitive plasma proteins, Circu-
lation 106 (2002) 2555-2560.

[16] H. Miyoshi, §. Ohshiba, A, Matsumoto, K. Takada, E. Umegaki,
L. Hirata, Haptoglobin prevents renal dysfunction associated with
intravariceal infusion of ethanolamine coleate, Am. J. Gastroen-
terol. 86 (1991) 1638-1641.

[17] I. Hochberg, A. Roguin, E. Nikolsky, P.V. Chanderashekhar, S.
Cohen, A.P. Levy, Haptoglobin phenotype and coronary artery
collaterals in diabetic patients, Atherosclerosis 161 (2002) 441-446.

[18] B.E. Rademacher, W.J. Steele, A gencral method for the isolation
of haptoglobin 1-1, 2-1, and 2-2 from human plasma, Anal.
Biochem. 160 (1987) 119-126.

{18] 1. Wassdal, A.-H. Myrset, L. Helgeland, A simple and rapid
method for purification of rat haptoglobin for production of
antiserum, Scand. J. Clin. Lab. Invest. 51 (1991) 565-569.

f20] 1.C. Travis, B.G. Sanders, Haptoglobin evolution: polymeric
forms of Hp in the Bovidae and Cervidae families, J. Exp. Zool.
180 (1972} 141-148.

f21} M. Morimatsu, B. Syuto, N. Shimada, T, Fujinaga, S. Yama-
moyo, M. Saito, M. Naiki, Isolation and characterization of
bovine haptoglobin from acute phase sera, J. Biol. Chem. 266
(1991) 11833-11837.

[22] I. Katnik, J. Jadach, Immunoaffinity purification of human
haptoglobin using monoclonal antibodies, Arch. Immunol. Ther.
Exp. (Warsz) 41 (1993) 303-308.

[23] 5.J. Mao, A.E. Rechtin, }.L. Krstenansky, R.L. Jackson, Char-
acterization of a monoclonal antibody specific to the amino

terminus of the alpha-chain of human fibrin, Thromb. Haemost.
63 {1990) 445-448.

[24] L.F. Chu, W.C. Lee, P.C. Yang, R. Chu, T.Y. Huang, S.J.T. Mao,
One-step HPLC purification procedure for porcine brain 90-kDa
heat shock protein, Protein Expres. Purif. 10 (1997) 180
i84.

(25] C.Y. Liau, T.M. Chang, J.P. Pan, W.L. Chen, SJ.T. Mao,
Purification of human plasma haptoglobin by hemoglobin-affinity
column chromatography, J. Chromatogr. B. 790 (2003) 209-216.

{26] 8.J. Meo, L.P. Miller, A M. Gotto Jr., I.T. Sparrow, The antigenic
structure of apolipoprotein A-I in human high density lipopro-
teins. Radioimmunoassay using surface-specific antibodies, J.
Biol. Chem. 255 (1980) 3448-3453.

{27 UK. Laemmli, Cleavage of structural proteins during the
assembly of the head of bacteriophage T4, Nature 227 (1970}
680-685.

[28) S.J. Mao, J.T. Sparrow, A.M. Gotto Jr., R.L. Jackson, The
phospholipid-binding and immunochemical properties of amidi-
nated, guanidinated and acetylated apolipoprotein A-H, Biochim.
Biophys. Acta 617 (1980) 245-253.

.[29] D.R. Bernard, M.R. Langlois, J.R. Delanghe, M.L. De Buyzere,

Evolution of haptoglobin concentration in serum during the early
phase of acute myocardial infarction, Eur. J. Clin. Chem. Clin,
Biochem. 35 (1997) 85-38.

[30] M. Melamed-Fraok, O. Lache, B.I. Enav, T. Szafranek, N.S. Levy,
R.M. Ricklis, A.P. Levy, Structure-function analysis of the
antioxidant properties of haptoglobin, Blood 98 (2001) 3693-3698.



Proteomics 2004, 4, 2221-2228  DOI 10.1002/pmic.200300787

Antioxidant role of human haptoglobin
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Human plasma haptoglobin (Hp) is classified according to three phenotypes: Hp 1-1, 2-1, and
2-2 attributed by their two common alleles 1 and 2. Clinically, the 2-2 phenotype is associated
with the risk of cardiovascular diseases and diabetes mellitus in patients. In this study, we
demonstrate that Hp is an extremely potent antioxidant, which directly protects low density
lipoprotein from Cu?*-induced oxidation. Its potency was markedly superlor to probucol {one
of the most potent antioxidants). Ranking of the IC;, of antioxidant activity was as follows:
Hp 1-1 > Hp 2-1 > Hp 2-2 > probucol > vitamin E. Blockage of disulfide linkages between
Hp subunits, not only abolished the a-helical content but also diminished the ability of Hp to
form a complex with hemoglobin. The modified Hp subunits exerted almost 4 times greater
antioxidant activity than that of native Hp. To investigate the antioxidant role of Hp on the
cellular level, the cDNA of Hp 1-1 was cloned, introduced into the pcDNA3.0 vector which
contains the cytomega lovirus promoter and transfected into chinese hamster ovary ({CHO)-
K1 cells. Following transfection, CHO cells were able to express Hp 1-1 protein and skgnifi-
cantly {p < 0.001) elevated cell tolerance against oxidative stress. Transfected cells showed 2-
fold higher resistance to hydrogen peroxide exposure for 24 h compared to control cells. Thus,
Hp plays a provocative antioxidant role as demonstrated by our in vitro and ex vivo studies.

Keywords: Antioxidant / Haptoglobin cDNA / Haptoglobin phenatypes / Hemoglobin / Physiclagic role

1 Introduction

Hemeglobin (Hb) is the most abundant and functionaily
important protein In erythrocytes. However, once it is
released from red blood cells, it bacomes highly toxic be-
cause of the oxidative nature of iron-containing heme,
which participates in the Fenton reaction to produce reac-
tive oxygen species which cause cell injury [1-2]. Human
plasma haptoglobin (Hp), a known acute phase protein
[3-5], can capture Hb by forming a high affinity Hp-Hb
complex [1, 3, 4]. The complex is then metabolized
through a receptor-mediated process involving the CD
163 receptor of macrophages [6]. Therefore, Hb binding
by Hp is essential for rapid clearance of Hb from plasma
[7}. For this reason, Hp plays a crucial role against Hb-
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induced oxidative stress by a mechanism thought to
Involve its high-affinity binding with Hb and prevents iron
release from Hb. However, it has yet to be shown that Hp
itself is an antioxidant molecule.

The Hp phenotypes 1-1, 2-1, and 2-2 are attributed to
two common alleles, 1 and 2, located at chromosome
18¢22.1. Structurally, the minimal unit of Hp (B-«-a-p) is
joined by disulfide linkages of the two « and two B chains
[6, 8, 9). Fig. 1 shows that the phenotypes all share the
same two f chains (each with M, 40000 kDa containing
245 amino acids and about 30% carbohydrate). A typical
structure of homozygous Hp 1-1 (p-a1-a1-B} is composed
of two identical «1 chains (M, 9000 kDa containing 83
amino acids). Homozygous Hp 2-2 is composed of two
identical 2 chains (M, 16 500 kDa containing 142 amino
aclds) whereas heterozygous Hp 2-1 contains one «2 and
one a1 chain (Fig. 1}. Due to an extra thio group in the o-2
chain, Hp 2-1 and 2-2 form large polymers of monomeric,
trimeric, tetrameric, pentameric, hexameric, and even
larger arrangement through the disulfide-linkages (Fig. 1).
Clinically, diabetic patients with the Hp 1-1 phenotype are
markedly resistant to the development of diabetic retino-
pathy, diabstic nephropathy, and cardiovascular disease
{CAD) [10-12]. In a prospective study, participants
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Figure 1. Schematic drawing of the proposed structure of
human Hp 1-1, 2-1, and 2-2. All three phenoctypes share a
common structure of p chains, while Hp 2-1 and 2-2 are
heterogeneous polymeric forms. Essentially, the a2 chain
represents one entire copy of a1 (1-83} plus an insertion of
a partial sequence of a1 (residues 12-70). The degree of
polymerization within the intermolecular arrangement is
shown. Due to an extra thio group in the p-chain Hp 2-1
and 2-2 can form large polymers (see Flg. 3).

homozygous for the Hp 2-2 allele had a 5-fold increased
risk for the development of CAD as compared to partici-
pants homozygous for the Hp 1-1, allele [13]. The risk in
heterozygous Hp 2-1 participates Is intermediate [13).

In the present study, we show that Hp is an extremely
potent antioxidant and the activity of Hp 1-1 was differen-
tially and moderately greater than that of Hp 2-1 and 2-2.
We also demonstrate that Hp 1-1 transfected Chinese
hamster ovary {CHO) K1 cells (which normally do not
express Hp} are significantly resistant to oxidative stress,
The role of Hp as an antioxidant molecule is therefore
identified. The clinical significance with respect to the
structure and function of the Hp phenotype Is discussed.

2 Materials and methods

2.1 Purification of human Hp

The Hp phenotype was first identified using plasma sup-
plemented with Hb by PAGE, followed by a peroxidase
substrate staining [14]. The plasma of each Hp phenctype
was then chromatographed on an antibody affinity-col-
umn followed by ge! filtration chromatography as pre-
viously described (14, 15]. The homogeneity of each Hp
species employed was greater than 95%.

2.2 Gel electrophoresis

SDS-PAGE containing 15% w/v polyacrylamide gels with
a top stacking gel of 5% polyacrylamide was performed
for Hp characterization {14, 16]. Samples (typically 5 pg)
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for SDS-PAGE were preheated at 100°C for 10 min in
loading buffer (12 mm Tris-HC!, pH 6.8, 0.4% w/v SDS,
5% v/v glycerol, 0.02% w/v brompheno! biue) with or
without 2.88 mm 2-mercaptoethanol. The samples were
run for about 1.5 h at 100 V and stained using CBB R-250.

2.3 Western blot

Following protein separation by SDS-PAGE, gels were
soaked In a transfer buffer containing 48 mm Tris-HCI,
39 mu glycine, 0.037% w/v SDS, and 20% v/v methanol
at pH 8.3. Electrotransfer to a nitrocellulose paper (Phar-
macia Diagnostics, Uppsala, Sweden) was performed at
90 mA for 1 h in a semi-dry transfer cell (Blo-Rad, Her-
cules, CA, USA). Immunoblotting and developing were
conducted according to standard procedures previously
described [14-16].

2.4 Reduction and carboxymethylation of Hp

Tris-HCI huffer (pH 8.6, 3.3 mL of 0.01 M) containing 5.4 m
urea, and 1% v/v p-mercaptosthanol was added to 1 mg
HP The reaction mixture was flushed with nitrogen and incu-
bated at room temperature. After 2 h, 20 mg of iodoacetic
acid was added and the reaction mixture was then main-
tained at pH 8.6 by the addition of 1 M NaOH for 30 min.
Finally, carboxymethylated {CM}-Hp was desalted on a Bio-
Gel P2 {Blo-Rad, Hercules, CA, USA) column eluted with
0.1 m ammonium bicarbonate and lyophilized {17].

2.5 Preparation of human low density
lipoprotein

Human low density lipoprotein (LDL; 1.012-1.063 g/mL)
was prepared from human plasma by sequential ultra-
centrifugation according to the method previously estab-
lished [17). Sodium azide (0.01%) was added to the
plasma prior to ultracentrifugation and to LDL after isola-
tion. Subsequently, freshly prepared LDL was dialyzed
against PBS to remove EDTA and used for oxidation
assays [1].

2.6 LDL oxidation

Thiobarbituric acid-reactive substances (TBARS) were
used as an index to measure L.DL oxidation [1, 18]. In a
typical assay, 4 ym CuSQ, and 40 pg of LDL were incu-
bated with native Hp, CM-Hp, probucal, or vitamin E in a
final volume of 100 pL. For oxidation induced by water-
soluble initiator (5 mm 2,2'-azobis(2-amidinopropane)-
dihydrochloride (AAPH)), only Hp 2-1 was employed.
Incubation was carried out at 37°C for 2 h, after which
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time 250 pl. of 20% w/v TCA was added to precipitate
proteins. Subsequently, 250 pL of 0.67% w/v 2-thiobarbi-
turic acid was added and the reaction was incubated at
80°C for 30 min. The reaction mixtures were centrifuged
at 3000 x g for & min. Supernatant (300 pl) in a 96-well
plate was read at 540 nm [1].

2.7 Circular dichroic analysis

Lyophilized Hp was dissolved in 10 mm phosphate buffer
{pH 7.4) with a final concentration of 0.2 mg/mL. About
300 pl aliquot was used for the analysls in a cuvette with
a 1 mm path length. Gircular dichreic spectrum recorded
between 190 and 300 nm (in Jasco J-715 spectropolari-
matry} was accumulated 20 times at a scanning rate of
50 nm/min. The a-helical content was estimated from the
mean residue molar ellipticity (8255). % a-helix = (8,00 +
3000)/(36 000 x 3000) x 100 [17].

2.8 Analysis of Hp-Hb binding complex using
HPLC

A HPLC experiment was performed to examine whether
or not CM-Hp retains its ability to bind Hb. Hb was pu-
rified as previously described [16]. A gel-filtration col-
umn (Tosch, Yamguchi, Japan; TSK-GEL G2000SWXL,
7.8 x 300 mm)} pre-equilibrated in PBS was used to an-
alyza the formation of Hp-Hb complex at a flow rate of
0.5 mL/min. A final reaction mixture (100 pl) containing
Hpi-1 {24 pg) or CM-Hp 1-1 {24 pg) with and without
Hb {16 pg) was subjected to HPLC. Typical chromato-
graphic profiles were monitored at 280 nm, while Hb or
Hb-Hp complex formation was monitored at 415 nm.

2.9 Preparation of Hp 1-1 cDNA

Total RNA was extracted from HepG2 cells using TRIzol
reagent {Gibco BRL, Grand Island, NY, USA) according to
the manufacturer's instructions. First strand cDNA was
synthesized using 1 pg of total RNA, 30 ng/ul oligo dT,
0.25 mm dNTPF, and 3.5 L. diethyl pyrocarbonate water in
a 40 ul voiume. The mixture was incubated at 65°C for
5 min and chilled on ice. Subsequently, 8 L 5 x reaction
buffer, 4 uk. 0.1 m DTT, 2 uL RNase inhibitor {(Pharmacia
Diagnostics, Uppsala, Sweden) and 1 pl. M-MLV RTase
(Invitrogen, Carisbad, CA, USA} were added and incu-
bated at 37°C for 50 min. The reaction was terminated by
heating at 70°C for 15 min. PCR was performed in a 50 pL
volume containing 0.1 ug of cDNA product, 5 ul 10 x Taq
polymerase buffer, 4 pb 2.5 mm dNTP, 2.5 units Taq poly-
merase, and 50 ng of each specific Hp 1-1 primer (farward:
5'-TCGGTACCATGAGTGCCCTGGAAGCTGTCAITG-3";
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reverse: 5'-TCGGTACCTTAGTTCTCAGCTATGGTCTTC
TG-3%). The Kpn I restriction site is underlined. The ther-
mal cycling program was 4¢ cycles of 96°C for 30 s, 50°C
for30s, and 72°C for 1 min. Theresulting PCR amplification
products were visualized by ethidium bromide on a 1%
agarose gel and then recovered using NucleoSpin Extrac-
tion Kit (Clontech, CA, USA}. The extracted DNA fragment
and pcDNA3.0 plasmid (Invitrogen, Carisbad, CA, USA)
were subsequently digested with Kpn / at 37°C for 2 h and
recovered, Finally, the insert fragment and vector were
ligated with a molar ratio of 3:1 at 16°C for 16 h,

2.10 Cell cuttures

The CHO-K1 cell line CCL-61 and human hepatoblas-
toma (HepG2/C3A}) CRL-10741 cells obtained from the
American Type Culture Collection (Manassas, VA, USA)
were cultured In DMEM/F12 (Gibco BRL, Grand Island,
NY, USA) and a-minimal essential medium {Gibeo),
respectively, at 37°C. Media were supplemented with
10% bovine calf serum, 100 U/mL penicillin, and 100 pg/
mL streptornycin Gibco.

2.11 Immunocytochemistry

Immunostaining was performed using the VECTOR
M.C.M. Immunodetection kit (Burlingame, CA, USA) ac-
cording to the manufacturer's instructions. Briefly, 10° CHO
cells were cultured in a 6-well plate in which a 76 x 26 mm
glass-slide was placed overnight. After washes in PBS,
4% paraformaldehyde was added for 30 min to fix cells.
The slide was then immersed in PBS containing 0.1%
Tween-20 for 15 min and washed four times with PBS.
The slide was hydrogen percxide and then washed twice
immersed in 3% and blocked with M.O.M. mouse Ig
blocking reagent for 1 h with two washes. Monoclonal
anti-human Hp (1:5000C dilution) was added and incubated
for 30 min. Following washes, the slide was incubated
with biotinylated anti-mouse lgG for 10 min and washed
twice. VECTASTAIN ABC reagent (Vector Laboratories,
CA, USA) was added and incubated for 5 min. The slide
was washed and developed using 3,3'-diaminobenzidine
as a chromogenic substrate.

2.12 Transfection and hydrogen peroxide
tolerance assay

The 1044-bp ¢cDNA of Hp 1-1 obtained from human hepa-
toblastoma HepG2/C3A cells by RT-PCR was cloned into
the pcDNA3.0 vector to generate a cytomegalovirus
{CMV) promaoter-driven Hp 1-1 construct. CHO-K1 cells
were transfected with the inserted vector using the
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SAINT-MIX Gene/Protein-Delivery System Kit (Groningen,
The Netherlands}, and selected in the presence of 400 pg/
mL geneticin, Expression of Hp 1-1 was confirmed by
Western blot, immunostaining, and competitive ELISA.
Approximatsly 5x 10° cells were cultured in a 96-well
plate for 24 h and treated with variable amounts of hydro-
gen peroxide (0-5 mu) for another 24 h. The 3-(4,5-dI-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
was then used to estimate the relative survival ratio [19].

3 Results

3.1 Antioxidant activity of Hp molecules

To determine Hp antioxidant activity, a method using
Cu?*-induced LDL oxidation was employed. Hp was an
extremely potent antioxidant against LDL oxidation and
acted in a dose-dependent manner (Fig. 2). It was 5 times
mote potent than probucol [1] and almost 20 times more
potent than vitamin E. Notably, the antioxidant activity of
monomeric Hp 1-1 was moderately higher than that of
palymeric Hp 2-1 and 2-2 (Fig. 2).
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Figure 2. Antioxidant activity of Hp phenotypes. The
assay was evaluated using the degree of inhibition of
Cu**-induced formation of thiobarbituric acid-reactive
substances from LDL. LDL {40 pg) was incubated with
4 pm CU®* in the presence of Hp, CM-Hp, probucel, or
vitamin E at 37°C for 2 h in a final volume of 100 pL in
PBS. BSA (10-100 pm) did not reveal any antioxidant ac-
tivity (data not shown).

3.2 Effect of disulfide-linkages on the
antioxidant property of Hp

Since the disulfide-linkages help maintain the tetrameric
arrangement of each Hp monomer, we attempted to
address whether or not the overall conformation of Hp
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plays a key role in its antioxidant function, We found that
CM reduction disassembled the o and P chains of Hp on
SDS-PAGE without requiring f-mercaptosthanol (Fig. 3).
Each chain was identical to Hp subunits following B-mer-
captoethanol reduction [14]. Second, using circular
dichroic spectrum analysis, we observed a drastic confor-
mational change in Hp following blockage of the disulfide
linkage. A representative spectrum is shown in Fig. 4. The
estimated a-helical content before CM was about 29, 22,
and 21% for Hp 1-1, 2-1, and 2-2, respectively. Statisti-
cally, the «-helical content in Hp 1-1 was significantly
higher than that in Hp 2-1 and Hp 2-2 {o < 0.001). CM-
Hp 1-1 had a disordered structure. The conformational
change, howsaver, did not attenuate its antioxidant activi-
ty. Unexpectedly, it resulted in a marked increase in anti-
oxidant activity (about 4 times; Fig. 2). The ranked anti-
oxidant potency expressed as ICg, was: CM-Hpi1-1 >
CM-Hp 2-1 > CM-Hp 2-2 > Hp1-1 > Hp2-1>Hp2-2 >
probucol > vitamin E (Table 1}. BSA did not exhibit any
antioxidant activity {data not shown).
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Figure 3. Analysis of CM-Hp on 15% SDS-PAGE without
the reducing reagent p-mercaptoethanaol. Lane M: protein
marker. The o and B subunits are covalently linked in
native Hp, but not in CM-Hp 1-1, 2-1, and 2-2 following
chemical modification.

3.3 AAPH-induced LDL oxidation

We also tested the ability of Hp to scavenge free radicals
generated from a water-soluble azo-compound, AAPH.
Hp 2-1 showed dose-dependent antloxidant activity with
an ICs; about 5 times greater than that of probucol
(Table 1),
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Figurs 4. Circular dichroic spectra of native Hp 1-1, 2-1,
2-2, and CM-Hp 1-1. Hp in 10 mm phosphate buffer,
pH 7.4, {final concentration 0.2 mg/mL} was monitored
by circular dichroism. Each spectrum represents a mean
of 20 determinations. The estimated «-helical content is
about 29, 22, and 21% for Hp 1-1, 2-1, and 2-2, respec-
tively. The structure of CM-Hp 1-1 is disordered. Statisti-
cally, the a-helical content in Hp 1-1 s significantly higher

than that of Hp 2-1, 2-2, and CM-Hp 1-1 (p < 0.001),

Table 1. Antioxidant activity in Cu?*- and AAPH- induced
LDL lipid peroxidation

Cu?*-induced  APH-induced
1Csp (um)® ICsp (um)®

CM-Hp 11 0.8 nd

CM-Hp 211 1.5 nd

CM-Hp 2-2 2.2 nd

Hp 1-1 3.0 nd

Hp 2-1 35 6

Hp 2-2 37 nd

Probucal 15 30

Vitamin E 70 nd

a) 1Cgp: the concentration that inhibited 50% of LDL oxi-
dation nd: not determined. See Fig. 2 legend for more
details

3.4 Hb-binding ability of CM-Hp

Hp binds Hb forming a high affinity Hp-Hb complex [8].
Presumably, the domain of Hp which binds to Hb is de-
pendent on the overall three-dimensional structura of
Hp. We examined the effect of CM of Hp on the formation
of the Hp-Hb complex using a HPLC technigue. Binding
was totally abolished when Hp was CM (Fig. 5). Since the
antioxidant activity of CM-Hp was superior to native Hp
(Fig. 2}, the data indicate that the antioxidant nature of
Hp was independent on its binding ability to Hb.
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Figure 5. HPLC profile of Hb complexed to native and
CM-Hp 1-1. A HPLC gelfiltration column (TSK-GEL
G2000SWXL, 7.8 x 300 mm} was used to analyze the for-
mation of the Hp-Hb complex. A final reaction mixture in
100 plL of PBS containing Hp1-1 (24 pg) or CM-Hp 1-1
{24 nug} with and without Hb (16 pg) was subjected to
HPLC. Hb presence was monitored at 415 nm and to
280 nm.

3.5 Expression of Hp 1-1 in CHO-K1 cells

To create an antioxidant ce!l that may prevent oxidative
stress, a CHO-K1 cell line was transfected with a
pcDNA3.0 vector containing CMV promoter-driven Hp
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1-1 ¢cDNA. The plasmid construct also contained a selec-
tion marker, geneticin, for conditionally expressing Hp 1-1.
Untransfected cells did not express endogenous Hp
mRNA as shown by RT-PCR (Fig. 6). Expression of Hp 1-1
protein in the culture medium and CHOQ cells was con-
firmed by Western blot analysis (Fig. 7). Only cell lysate
from transfected cells had Hp immunoreactivity In a com-
petitive ELISA (data not shown). The specificity of Hp
exprassion in transfected cells was also confirmed by
immunocytochemical staining (Fig. 8). The nonimmuned
serum did not stain transfected cells (data not shown).

LH~QHD pojoajsuBl}
{A-OHD pajoajsuel)

zodeH
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Figure 6. Expression of Hp a1-8 mRNA in transfected
CHO-K1 cells. PCR was performed to ampiify the Hp
a1-f cDNA. Lane 1: 100 bp ladder; Lane 2: HepG2 control
(Hp 21-B cDNA, 1044 bp}; Lane 3;: CHO-K1 cells; Lane 4:
transfected CHO-K1 cells {Hp al1-p cONA, 1044 bp);
Lane 5: HepG2 internal standard (B-actin, 838 bp);
Lanes 6 and 7: CHO-K1 internal standard (GAPDH frag-
ment, 120 bp). The PCR products were analyzed ona 1%
agarose gel.

3.6 Activity of Hp transfected CHO cells against
oxidative stress

To explore whether the antloxidant cells were resistant to
oxidative stress, hydrogen peroxide was added to the
CHO-K1 cell culture. Hp 1-1transfected and contro! cells
were treated with variable dosages of hydrogen peroxide
for 24 h. As shown in Fig. 9, the relative cell survival ratios
of transfected CHO-K1 cells were statistically and signifi-
cantly higher {p < 0.001) than that of untransfected CHO-
K1 gells following hydrogen peroxide chalienge, espe-
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Figure 7. Western blot analysis of Hp expression in
culture medium of transfected CHO-K1 cells, CHO-K1
cells were transfected with pcDNA3.0 vector containing
CMV promoter-driven Hp a1-f ¢DNA and cultured in
400 pg/mL of the selection marker geneticin. Transfected
CHO-K1 cells exhibited stable expression of Hp over at
least 10 passages and more than one month in culture.
The collected culture media were concentrated 40-fold,
then subjected to 15% SDS-PAGE and Western blot anal-
ysis. Lane 1: protein marker; Lane 2: Hp 2-1 standard
containing a1, «2, and } subunits; Lane 3: culture media
of untransfected CHO-K1 cells; Lane 4: transfected CHO-
K1 cells,

cially in the presence of 1 mm H,Q,. Thus, the expression
of Hp elevated the cell tolerance against hydrogen perox-
ide-induced oxidative stress.

4 Discussion

It has recently been demonstrated that Hp can prevent Hb-
Induced oxidative tissue damage by virtue of its ability to
form a high-affinity complex with Hb [7]. Furthermore, Hp
1-1 is superior to Hp 2-1 and 2-2 in binding to Hb [7]. As
such, Hp is able to attenuate the release of heme from Hb.
In addition to this function, we demonstrate that Hp is also
an extremely potent antioxidant moleculs in Cu®*- and
AAPH-induced LDL oxidation (Fig. 2 and Tabla 1). The
rationale for choosing Cu?*, rather than Fe®*, as a free radi-
cal initiator for oxidation was that Cu®* ist simitar to Fe®*,
forming hydroxyl radicals in the Fenten reaction [1, 20].
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Pl o ity g *‘

Figure 8. Immunochemical staining for Hp expression in
untransfected {top) and transfected (bottom) CHO-K1
cells. 3,3'-Diaminobenzidine was used as the chromo-
genic substrate for Hp staining and hematoxylin was
employed for the nuclear staining. Distribution of Hp
(brown) and the nucleus (blue) were cbserved. The stain-
ing was negative when nonimmuned antiserum was used
(data not shown).
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Figure 9, Hydrogen peroxide induced oxidative stress of
CHO-K1 cells. Approximately 5 x 10° cells wers cultured
in a 96-well pfate for 24 h, followed by an additional 24 h
treatment with variable amounts of hydrogen peroxide (0-
5 mm}. The 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-
zollum bromide assay was then used to estimate the rela-
tive survival ratio. Each bar represents the mean = SDin
seven determinations. * o < 0.001,
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Experimental conditions previously reported by us [1,
21-24] were mimicked to compare the antioxidant prop-
erties of Hp and probucol. A similar result was seen
using Fe®* [25]. Furthermore, a hydrophilic decomposed
radical initiator, AAPH, also produced a similar antiox|-
dant effect with Hp 2-1 (Table 1). The antioxidant potency
of Hp significantly exceeded probucol [1]. Probucol has
been used for the treatment of patients with xanthoma
and atherosclerosis for decades {26-30]. Hypothetically,
cellular Hp in the cellular level may also play a key role as
a natural antioxidant in protection against atherosclero-
5is.

It is not clear, however, why Hp 1-1 possessed differen-
tially and moderately greater antioxidant activity than
Hp 2-1 and 2-2. Evidently, it is not solely due to the
polymaeric forms of Hp 2-1 and 2-1, since the dissocia-
tion of polymeric forms by chemical modification (CN;
Fig. 3) did not equalize the antioxidant activity among
the phenctypes (Fig. 2). On the contrary, the drastic
conformational changes in CM-Hp (Fig. 4) resulted in
its 4 times greater antioxidant potency (Fig. 2). We
speculate that the regfon{s) which exert antioxidant
activity were further exposed following structural un-
folding of Hp. Since the differences in the Hp pheno-
types are due to the aminc acid sequence of the
a-chains, it is essential to analyze the antioxidant do-
main in this region which may lead to the rational
design of new pharmacological agents {1, 21-23]. We
are currently in the process of exploring such possibil-
ities.

The diversity in antioxidant activity of the Hp phenotypes
may explain, in part, the clinical outcome by which Hp
phenotype is associated with differential susceptibility
to free-radical related atherosclerosis and autcimmune
discrders [5, 31]. A correlation between phenotype-de-
pendent modulation of oxidative stress and prostaglan-
din synthesis has been reported [31-34]. In general,
patients with Hp 2-2 are more susceptible to developing
nephropathy in diabstes mellitus. Nakhou! et al. [12] pos-
tulate that differences in the molecular shape and size of
Hp 1-1 and Hp 2-2 may be responsible for the varying
susceptibility. Abundant evidence has shown that Hp
can be synthesized in the fiver, lung, and some fibroblast
cells [35]. We have recently reported that it can also be
endogenously synthesized in macrophages [36). At the
cellular level Hp can stimulate angiogenin and remodet
the arterial wall [37-39). However, other functions of Hp
have not been fully explored. We show that Hp cDNA
transfected CHO-K1 cells attain the ability to resist oxi-
dative damage {Fig. 9). This data further substantiates
our hypcthesis that Hp plays a provecative antioxidant
role in the cell,
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5 Conciluding remarks

In conclusion, we demonstrate that Hp is an extremely
potent antioxidant molecule and plays a role in cellutar
resistance to oxidative stress. Blockage of the disulfide
linkages of Hp resulted in a loss of its ahility to form a
complex with Hb. Nevertheless, the modified Hp showed
almost 4 times greater antioxidant activity than native Hp.
Thus, in addition to Its role of blocking the heme group of
Hb by forming a complex, Hp may also have an antioxi-
dant role. Whether or not Hp is directly beneficial for free-
radical associated atherosclerosis and myocardial infarc-
tion [29, 31, 40] will be an interesting and callenging sub-
ject for the future.
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(S.J.T.M.} from the Natlonal Health Research Institute, Tal-
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Abstract

Haptoglobin (Hp) is a hemoglobin binding protein with an extremely high
binding afﬁnity. In this study, we screened twenty-four monoclonal antibodies (mAb)
prepared against Hp. Only one mAb (8B1), which specific to Hp B-chain, was able to
completely block the formation of Hp-Hb complex. Carboxymethylation on Cys-105

of Hp B chain diminished the recognition for both 8B1 mAb and hemoglobin.

Combining of limited trypsin cleavage, chemical modification, and direct solid-phase

peptide synthesis on nitrocellulose paper (protein array), residues of 105-116 of Hp 8

chain was defined as an epitope for the inhibitory mAb 8B1. Hypothetically this
sequence, Cys-Leu-Pro-Ser-Lys-Asp-Tyr-Ala-Glu-Val-Gly-Arg, is located at the
edged surface with a random coiled structure as probed from the crystal structure of

serine proteases (chymotrypsin and trypsin), which has strong homology with Hp 8

chain in primary structure. In conclusion, we have produced a hemoglobin-blocking
antibody recognizing the residues 105-116 of Hp p-chain, where we suggest that Cys-
105 was critically involved in the hemoglobin binding.  This study provides a
potential insight for the future delineation of Hp binding site for hemoglobin which is
currently unknown. The strategy for the antigenic epitope mapping and its
relationship with the putative site participated in hemoglobin binding are discussed in

detail.

Key words: antigenic epitope mapping, hemoglobin binding, haptoglobin structure



1. Introduction

Human plasma haptoglobin (Hp) is classified according to three phenotypes:
Hp 1-1, 2-1, and 2-2 attributed by their two common alleles | and 2 [1-3]. Clinically,
the phenotype 2-2 is associated with the risk in patients with diabetes mellitus [4-6].
Structurally, the minimal arrangement of dp 1-1 (B-a-a-B) is joined by disulfide
linkages among the 2 a and 2 B chains {1, 7-8], in which Cys-72 and Cys-105 is
responsible for the cross linking between the a and B chains, respectively.

One of the key functions of Hp in plasma is to capture the hemoglobin
released from red blood cells by forming a high affinity Hp-hemoglobin complex [9-
10). Heme in hemoglobin is highly toxic participating in Fenton reaction to produce
- reactive oxygen species which cause cell irjury [11, 12]; Hp has therefore thought to
play a protective role via its binding with Hb and prevent the iron “leaking” from the
Hb. Recently, we have demonstrated that Hp is an extremely potent antioxidant,
which directly protects low density lipoprotein from free-radical induced oxidation [1].
Its potency was markedly superior to probucol: one of the most potent antioxidants
[11, 13]. Blockage of disulfide linkage between the Hp o and P chains diminishes its
ability to form a complex with hemoglobin (Hb). However, the antioxidant activity is
four times greater than that of native Hp suggesting that the antioxidant domain is
independent from that hemoglobin binding site [1].

Physiologically, Hp-hemoglobin complex is metabolized through a receptor-
mediated process including a recent report showing the CD 163 receptor of
macrophages {2]. CD163 binds only Hp and hemoglobin in complex, which indicates
the exposure of a new receptor-binding epitope. The detailed Hp binding domain to

hemoglobin is currently unknown. Early studies have demonstrated that the binding



site lies in the B-chain of Hp [14-16]. A recent study using recombinant p-chain
reveals that the binding domain is located in residues 80-161 [17]. Lacking of a
crystal structure of Hp may explain not sufficient data to explore the binding site
responsible for the Hp-hemoglobin interaction.

Using monoclonal antibodies (mAb) as a probe to study the structural and
functional relationship of a given protein has been popular and reviewed {18]. It
provides a power tool to define the functional location within the molecule [18]. For
example a mAb specific to Hp-hemoglobin complex have been used for probing the
specific domain responsible for the CD receptor [2, 19]. The purposes of this study
were two folds: 1) To identify an inhibitory Hp mAb capable of blocking the Hp-
hemoglobin binding. 2) To map out the epitope recognized by this inhibitory mAb
and delineate its conserved region among the species that might be involved in the
interaction with hemoglobin.

Our results show that the epitope recognized by the inhibitory mAb 8B1 was
located in residues 104-116, where two or three residues in the COOH-terminus of
this region were responsible for the antigenic specificity among the species. The

relationship between the epitope with the hemoglobin binding is discussed.

2. Materials and Methods

2.1. Production and purification of monoclonal antibodies
A battery of mouse mAb prepared against human Hp 2-1 was produced
according to the standard procedures established in our laboratory [20]. They were

characterized for « or 8 chain specificity. The interested mAb were further purified

as an IgG form via a Hp-affinity column chromatography [21].



2.2. Purification of plasma Hp

Hp phenotype was first identified using plasma supplemented with
hemoglobin (Hb) on a native polyacrylamide gel electrophoresis (PAGE), followed by
a peroxidase substrate staining [21]. In the present study, plasma of Hp 1-1 or Hp 2-1
phenotype was used for Hp purification using an antibody affinity-column followed
by a gel-filtration high performance liquid chromatography (HPLC) as previously
described by us [21-23]. The homogeneity of Hp employed was greater than 95% as
judged by a sodium dodecyl sulfate {SDS)-polyacrylamide gel electrophoresis
(PAGE).

2.3 Limited trypsin digestion and carboxymethylation of Hp

For trypsin treatment, 1 ul trypsin (0.1 mg/ml) was added into 100 pg of Hp 1-
1 in 100 pl buffer containing 0.02 M phosphate, 0.12 M NaCl, pH 7.4 (PBS). The
reaction was preceded at room temperature for 1 h and stopped by an addition of soy-
bean trypsin inhibitor. Immunoreactivity of trypsinized Hp was determined on
Western blot following a SDS-PAGE (18% polyacrylamide). Carboxymethylation of
Hp was conducted and characterized according to the procedures previously descried
by us [1]. The carboxymethylated Hp was desalted on a Bio-Gel P2 column eluted
with 0.05 M ammonium bicarbonate and lyophilized [24]. Cys-105 of p-chain was
completely modified as evidenced by the dissociation of a and B chains on SDS-

PAGE without reducing reagent -mercaptoethanol [1].

2.4 Preparation of Hp-Hemoglobin Complex



A HPLC experiment was performed to examine the formation of Hp-
hemoglobin complex as described previously [1]. Hp 1-1 (10 ug) in 1.2-fold molar
excess was mixed with purified hemoglobin in a final 100 ul of PBS and incubated at
room temperature for 10 min, while allowing the formation of complex. To test the
mAb capable of inhibiting the Hp binding to hemoglobin, each purified mAb
(obtained from Hp-affinity column) containing about 50-60 ug was pre-incubated
with Hp for 10 min before the addition of hemoglobin in 100 ul PBS. The reaction
mixture was then applied onto a gel-filtration column (TSK-GEL G2000SWXL, 7.8 x
300 mm) pre-equilibrated in PBS. HPLC equipped with a photodiode array detector
(Waters 996; Milford, MA, USA) was run at 0.5 mL/min using PBS as a mobile phase.
Typical chromatographic profiles were monitored at 280 nm, while Hb or Hb-Hp

complex was monitored at 415 nm,

2.5. Gel electrophoresis and Western blot analysis

SDS-PAGE was performed according to Laemmli’s method with some
modifications by using 15% polyacrylamide (w/v) on the stacking gel as previously
described [1]. Samples (typically 5 ug) for SDS-PAGE were preheated at 100 °C for
10 min in a loading buffer [12 mM Tris-HCI, pH 6.8, 0.4% SDS (w/v), 5% glycerol
(v/v), 2.88 mM of 2-mercaptoethanol, and 0.02% bromphenol blue (w/v) ]. Samples
were run for 1.5 h at 100 V and stained using Coomassie brilliant blue R-250.

Following the separation of proteins by SDS-PAGE, the gel was electro-
transferred to a nitrocellulose membrane (Pharmacia) and incubated with Hp mAb
followed by a horseradish peroxidase (HRP) labeled secondary antibody and

developed according to the method previously described [21-23].



2.6. Peptide array and immunoassay

Twelve synthetic peptides, each containing 15 amino-acid residues, were
designed corresponding to the sequence from residue 81 to 160 of Hp. The synthetic
peptides were prepared under a contract with a local biotechnology company (Genesis
Biotech Inc., Taipei, ROC). Briefly, the peptides were directly synthesized in situ on
a nitrocellulose (NC) paper according to the method described [25]. The NC
membrane in 0.01 M Tris buffered saline containing 0.05% (v/v) Tween-20 (TBST),
was blocked with 5% (w/v) gelatin in TBST for 2 h at room temperature followed by
3x washes. After incubation with mAb for 2 h and 3 x washes, goat anti-mouse IgG
conjugated with HRP in 5% gelatin/TBST was added and incubated. Finally,
following the washes, chemiluminescent substrate (ECL™ Western Blotting System,

Amersham) was added, washed, and immediately developed by exposing onto a film.

3. Results and Discussion

Previously, we have prepared several lines of mAb against human plasma Hp and
employed them for isolation of Hp [21]. In the present study, we test the hypothesis
whether these mAb could be used to explore the Hp-hemoglobin interaction. Each
antibody was purified as an IgG form to at least 90% homogeneity prior to carry out
the entire studies.

From more than 20 mAb screened using a previous established method [20],
only 8B1 could inhibit the binding of hemoglobin to Hp. We than randomly chose the
other 5 mAb as negative controls. A typical example showing the formation of Hp-
hemoglobin complex on gel-exclusion HPLC and its blockage by mAb 8B1 is

depicted in Fig. 1. The properties of the mAb with respect to their subunit specificity,



binding affinity, and sensitivity to limited trypsin digestion for Hp were then
determined (Table 1). The data exhibit that the inhibitory mAb 8B1 recognized Hp p-
chain, but failed to bind Hp upon the trypsin treatment. Whereas, G2D and an a-chain
specific mAb W1 possessing no inhibitory activity were not affected on trypsinized
Hp (Table 1). The inhibitory activity for the hemoglobin binding appears not due to
the extraordinary binding affinity, since the other non-inhibitory mAb were with
similar binding affinity to Hp (Table 1 and Fig. 1). Furthermore, combination of the
other 5 mAb did not reveal the inhibition for Hp-hemoglobin binding (data not
shown).

Next, we attempted to map out the antigenic epitope recognized by this 8B1
mAb. Since the limited trypsin cleavage on Hp resulted in a total loss of its
immunoreactivity, suggesting that either Lys or Arg or both was essential to maintain
the antigenic structure or probably lied in the epitope. In the next experiment, we
addressed whether the Cys residues of Hp may participate the antigenic role for 8B1
mAb. The Cys residues were then chemically modified by carboxymethylation.
Previously, we have demonstrated that carboxymethylated reduction disassembled the
cross-linking between « (Cys-72) and B (Cys-105) chains of Hp on SDS-PAGE
confirming Cys-105 of B-chain was carboxymethylated [1]. Each chain was identical
to Hp subunit in the presence of reducing reagent p-mercaptoethanol. The present
study shows that the carboxymethylation substantially attenuated the
immunoreactivity for 8B1 mAb, but not for G2D mAb (Fig. 2). The finding
implicated that Cys-105 might be involved in the binding for 8B1. It was extremely
interesting that carboxymethylation on Cys-105 of Hp B-chain also abolished its
binding to hemoglobin [1]. Therefore, we speculated that Cys-105 participated for

both hemoglobin and inhibitory mAb binaing. However, carboxymethylation also



altered the overall structure of Hp [I]; we could not rule out that the loss of
immunoreactivity might be correlated to the overall conformational changes of Hp. In
other words, 8B1 could be a “conformational” mAb.

Hp pB-chain consists of 246 amino acid residues and has been suggested
responsible for the binding to hemoglobin [14-16]. A recent study using recombinant
B-chain of Hp indicates that residues 80-161 are capable of binding hemoglobin with
the ability almost equivalent to the full length 1-246 [17]. Although the result has not
been reconfirmed by the others, it was legitimate to assume that our inhibitory 8B1
mAb also recognized the epitope within residues 80-161. From our
carboxymethylation and trypsin-treatment experiments, Cys-105, Lys, or Arg residue
could be involved in maintaining the antigenic structure (Table 1 and Fig. 2). In
considering Pro residues are usually located at or near to the immunoreactive domain
by forming a loop at the surface of a given protein, we hypothesized that there was
one domain, namely residues 105-119, highly possible for the binding of 8B1.

Accordingly, a solid-phase peptide array containing this predicted region
(residues 105-119) and other eight either overlapped or non-overlapped synthetic
peptides (each with 15 residues) within the residues 80-161 was prepared (Fig. 3).
These peptides were directly synthesized on a nitrocellulose membrane (Fig. 3). After
binding of our mAb followed by a HRP-conjugated secondary antibody, the array was
developed using a chemiluminescent agent. We found that the epitope was exactly
located in the predicted region: residues 105-119 (peptide 7) containing Cys-105 with
other Arg, Lys, and Pro residues (Fig. 3). Fig. 3 suggests that residues Ala-112 and
Glu-113 were crucial for 8B1 recognition, since peptides 2 and 3 cleaved between

these two residues did not yield any immunoreactivity.



To further delineate the antigenic residues in the COOH-terminus of peptide
105-119, peptides 10, 11, and 12 were then prepared. Peptide 10 without COOH-
terminal Gly-115 and Arg-116 did not exhibit immunoreactivity, while equal
immunoreactivity was found between peptides 11 and 12 (Fig. 3). Interpretation of
the activity among peptides 7, 10, 11, and 12, and the carboxymethylated data (Fig. 2);

the putative antigenic determinant appeared to be between residues 105-116 or Cys-

Leu-Pro-SerTyr-AlaVal-Gly-@. Notably this region contains two

positively and two negatively charged residues, formation a stable ionic pair over the
overall structure of Hp is likely. Although the crystal graphic structure of Hp has not
as yet been elucidated, in theory this region with the insertion of Pro-117 (usually lies
on the loop) should be located at or near to the surface of Hp for rendering the
antibody interaction. Nevertheless, our antigenic mapping suggests that residues
105-116 of Hp B-chain was located at the surface and could be involved in the binding
for hemoglobin, which has not been shown previously. It also confirms an early
report that the hemoglobin binding domain is located between residues 80-161 [17].

Several lines of evidence indicate that the antigenic epitope we defined was
reasonably correct. First, the size of an epitope is relatively small usually containing
8-12 amino-acid residues as demonstrated by us and the others {26-30]. Second, the
105-116 epitope contains both acidic and basic residues and Pro which are commonly
present in an antigenic site [30]. Third, the epitope recognized by inhibitory 8b1 mAb
consisting of Cys-105 was consistent to the effect of carboxymethylation data, in
which Hp binding either for antibody or for hemoglobin was diminished.

Furthermore, to test the accuracy of defined epitope region, we first compared
the sequence homology between human and mouse (Table 2). The key rationale is

that part of the antigenic determinant of human Hp (residues 105-116) has to differ

10



from that of mouse, so that the monoclonal antibody can be made from the mouse.
Table 2 confirms our prediction with the difference lies in the COOH-terminus of
mouse Hp. Other species such as rabbit, pig, and rat were also examined. Their
immunoreactivity of plasma Hp assayed on Western blot was given in Table 2.
Mutation of Ala-112 and Glu-113 significantly reduced (in pig) or abolished (in
mouse and rat) the immunoreactivity. The finding was again consistent to the peptide
array assay (Fig. 3), in which cleavage between Ala-112 and Glu-113 resulted in a
total loss of the immunoreactivity. A slight decrease in activity was found in that of
rabbit; presumably substitution of Ala-112 with Thr-112 did not significantly alter the
solution property of Hp. Thus, the sequence homology depicted in Table 2 may aid us

to interpret the difference in immunoreactivity among the species.

Following the comparison of sequence homology of epitope among the
different species, we were puzzling the relevant binding site of Hp involved for
hemoglobin when considering the fact that this site should be well conserved.
However, analysis of the NH;-terminal half (residues 105-111 or Cys-Leu-Pro-Ser-
Lys-Asp-Tyr) of the epitope, it reveals that sequence 105-111 is completely identical
among the species we observed. It is plausible to interpret this conserved region was
responsible for both inhibitory antibody and hemoglobin recognition, whereas two or
three residues lie in the COOH-terminus determined the antigenic specificity among
the species. Another possibility is that this 881 mAb binds to a region in proximity to
the hemoglobin binding site and hence possesses the inhibitory activity via a steric

hindrance.
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Nevertheless, the epitope (residus 105-116) we mapped should be theoretically
on the surface of Hp molecule for facilitating the antibody binding. We examined the
crystal structures of chymotrpsin and trypsin, since these two serine proteases possess

strong homology to Hp 8 chain in primary structure (greater than 50% as calculated

from the protein data bank). Fig. 4 shows the sequence alignment among these three
molecules revealing a good homology between the epitope region 105-116 of Hp and
the proteases. It is of striking interest that this homology motif is exactly located at
the edged surface of chymotrpsin and trypsin with a random coil structure (Fig. 4). It
is of worth mentioning that the authentic structure of this region in Hp should await

the establishment of the Hp 3D-structure.

In conclusion, we have produced a hemoglobin-blocking antibody recognizing
the residues 105-116 of Hp B-chain. It provides a potential tool for the future

delineation of Hp binding site for hemoglobin which is currently unknown.
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Association of Haptoglobin 1-1 phenotype with
angiographically documented coronary artery disease

patients

Background

Haptoglobin (Hp) an acute phase protein, and its plasma level elevates in
response to inflammation. It remained controversial whether Hp
polymorphism is associated to the risk of coronary artery disease (CAD).

Methods and Results

in this study, we enrolled 1116 patients from Cardiology Division of Veterans
General Hospital-Taipei for coronary arteriographic examination. These
patients scheduled for percutanecus transluminal angioplasty or bypass
surgery for documented CAD. Haptoglobin typing was performed by means
of modified native polyacrylamide gel electrophoresis (native PAGE) of
hemoglobin-supplemented serum or plasma. The developed method was
consistent to that using Western blot analysis. We demonstrate again that low
apoAl level in plasma is a superior risk factor in patients with CAD.
Conditional logistic regression analysis, confirms that more than doubling in
susceptibility of CAD rates in the Hp 1-1 group compared with the rest, with an
adjusted odds ratio of 2.22 in Hp1-1 /Hp2-1 and 2.19 in Hp1-1/Hp2-2.

Conclusions

The procedure represents a definite improvement for Hp typing in clinical
diagnoses. ApoAl level is found to be remarkable lower in CAD than in

control consistent to our previous finding over the population in Minnesota
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area. This study was the first group adjusted for apoAl in stepwise logistic
regression and the presented data strongly suggest that Hp 1-1 was
associated with CAD. Hp phenotypes may lead to a rational design in

intervening new pharmacological agents.

Introduction

It remained controversial whether Hp polymorphism is associated to the risk of
coronary artery disease. One of the key biological functions of human plasma
haptoglobin (Hp) is to capture the free hemoglobin (Hb) in plasma allowing
hepatic clearance of Hb and preventing the oxidative damage in kidney during
hemolysis (1). On the other hand, Hp is known as an acute phase protein,
and its plasma level elevates in respohse to infection or inflammation (1-3).
Similar to blood types, there are three major Hp phenotypes 1-1, 2-1, and 2-2
in human plasma attributed by two common alleles (1 and 2). Structurally, Hp
is tetramerically arranged (a-B-B-a.) joined by disulfide linkages among a and
B chains (4). Figure 1 shows that all the phenotypes share the same 2 (each
with about Mr 40 kDa containing 243 amino acids and approximately 30 %
carbohydrate). A typical structure of homozygous Hp 1-1 is composed of two
identical a1 chains (each with about Mr 9 kDa containing 83 amino acids).
Homozygous Hp 2-2 is composed of two identical a2 chains (each with about
Mr 16.5 kDa containing 142 amino acids) as compared to that of
heterozygous Hp 2-1 containing one each of «2 and a1 (fig. 1).

In patients with myocardial infarction, individuals with Hp 2-2 were found to
have more frequent left ventricular failure than Hp 1-1 and Hp2-1 patient (5).

Also, Hp 2-2 patients have demonstrated to be a predictor of the risk of
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restenosis after PTCA (6) and diabetic nephropathy (7) in diabetes patients.
Hp 2-2 carriers also showed higher rate of L-ascorbic acid oxidation which
implicated that they might have less protection against Hb-driven perioxidation
(8). Although Hp 2-2 has been suggested to be a risk phenotype with
coronary artery disease (CAD), however, a recent survey (9) showed that
Hp1-1 individual was at double risk for CAD mortality. Cid et al (10) found that
Hp functioning as an angiogenic factor. Puified Hp stimulates endothelial cell
differentiation and vascularization in a dose-dependent manner in vivo and in
vitro model. They suggested that in systemic vasculitis, Hp may also
compensate for ischemia by promoting development of collateral vessels.
Delanghe et al (11) also found that in patients with peripheral arterial
occlusive disease, Hp 2-2 individuals having a better walking ability than Hp 1-
1 individuals. Hp is a member of the endogenous inhibitors of prostaglandin
synthesis which has important biological consequences, including
antiinflammtory action. The inhibitory effect in Hp 1-1 is stronger than the
effects of Hp 2-2 and Hp 2-1 (12). Despite the atherogenic potential, Hp 2-2
might have a beneficial effect in more advanced atherosclerosis. Clinically,
patients with polymeric form of Hp 2-1 or 2-2 are associated with the
complications of myocardial infraction (13), kidney failure (14), and diabetics
(15). There had been reported that Hp 2-2 is more likely to develop
restenosis (16). Hp 2-2 patients have more severe myocardial infarctions
than Hp 1-1 and Hp 2-1(17). Compared to controls, patients with Hp 2-2
phenotype showed a significantly increased risk for essential hypertension (18)
and hypertension associated with ischemia heart disease. Belgium (BIRNH)

individuals for the Hp 1-1 were found to be at significantly elevated risk for

18



CHD mortality as compared to individuals with the Hp 2 allele (Hp 2-1 or Hp 2-
2} (19). However, in the Strong Heart Study, a population-based nested
cased control study of North American Indians, individuals who were Hp 1-1
exhibited a dramatically reduced risk of CHD and stroke (21). All above did
not direct evidence to estimate the influence of Hp phenotypes and coronary
artery disease

The primary objective of the study was to determine whether Hp phenotype

is associated to the risk of coronary artery disease.
Materials and methods

Subjects

The subjects with or without CAD were identified from cases that were
admitted to Cardiology Division of Veterans General Hospital-Taipei for
coronary arteriographic examination. The severity of CAD was determined by
fixed stenotic lesion with luminal narrowing = 50% in at least one of the major
or minor coronary arteries. These patients scheduled for percutaneous
transluminal angioplasty or bypass surgery for documented CAD. A total
1116 subjects were examined, consisting of 559 hospital controls and 557
CAD patients. Patients with either acute or chronic infectious diseases and
malignancy were excluded.

Clinical covariates were categorized at the index examination and included
age, body mass index (BM!), total cholesterol, HDL cholesterol, LDL
cholesterol, Triglyceride, apolipoprotein A-l (apoAl), sex, hypertension and

diabetes.

Preparation and purification of human hemoglobin
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Fresh human blood collected in 0.1% EDTA was immediately centrifuged at
3000 g for 25 min, after that time plasma was removed by aspiration. The
remaining red blood cells (RBCs) were washed five times with three volumes
of phosphate-buffered saline (PBS) containing 0.12 M NaCl and 12 mM
phosphate, pH 7.2, and then lysed with two volumes of deionized water at 4
°C. Celi debris was removed by centrifugation at 3500 g for 30 min. The
supernatant containing mostly hemoglobin was fractionated by 50% saturated
ammonium sulfate at 4 °C for 30 min followed by a centrifugation at 4500 g for
40 min at 4 °C. The supernatant was dialyzed against 0.02 M sodium
phosphate, pH 8.0, at 4 °C overnight followed by a filtration through a 0.45 pm

nylon filter.

Haptoglobin phenotyping

Haptoglobin typing was performed by means of native polyacrylamide gel
electrophoresis (native PAGE) of hemoglobin-supplemented serum or plasma.
Haptoglobin phenotype was determined from 10 ul of hemoglobin-
supplemented plasma by polyacrylamide ge! electrophoresis and peroxidase
staining. Briefly, serum 9 ul was mixed with 1 ul of a 40mg/ml hemoglobin
solution at room temperature to permit the haptoglobin-hemoglobin complexes
formation. An equal volume of sample buffer (containing 125 mM Tris base
(pH 6.8), 10% (V/V) glycerol, and 0.025 mg/L bromophenol blue) was added
to each sample before electrophoresis. The haptoglobin-hemoglobin complex
was resolved by polyacrylamide electrophoresis using a buffer containing 25
mM Tris base and 192 mM glycine. The stacking gel was 55 %

polyacrylamide (26.5:1 acrylamide:bis-acrylamide), pH 6.8, and the separating
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gel was 7 % polyacrylamide (26.5:1 acrylamide:bis-acrylamide), pH 8.8.
Electrophoresis was performed at an initial voltage of 120 V was maintain until
the dye front reach the separating gel. Tne voitage was increased to 150 V for
the duration of the run for 50 minutes. After the electrophoresis was
completed, the haptoglobin-hemoglobin complexes were visualized by
shaking the gel in freshly prepared staining solution. The staining solution
contained 25 mg of 3,3 -Diaminobenzidine dissolved in 0.5 mL of dimethyl
sulfoxide, 49 ml of phosphate-buffered saline, and 100ul of 35% hydrogen
peroxide added before using. The bards corresponding to the haptoglobin-
hemoglobin complex were readily visible within a period 5~10 minutes and
were stable. Phenotypes Hp 1-1, Hp 2-2, and Hp 2-1 were distinguished by a
characteristic pattern of bands representing the haptoglobin-hemoglobin

complex

Analysis of lipids and lipoproteins

Blood sample mixed with 0.1% ethylenediamine tetraacetic acid (EDTA) were
drawn after a 12-hour overnight fasting in all study cohorts. Total cholesterol
(TC), cholesterol content of high density lipoprotein (HDL) cholesterol and low
density lipoprotein (LDL) cholesterol, and triglyceride (TG) were analyzed
enzymatically using commercial reagents (CHOP-PAP method, Merck
Scientific Corporation, Germany).

Statistical methods

The distribution of the Hp phenotypes was tested against Hardy-Weinberg
equilibrium according to a +2 test [15). Among the three groups Hp 1-1, Hp 2-1
and Hp 2-2, the equality of distributions of continuous variables was

statistically evaluated according to the Kruskal-Wallis test, while proportions
were compared using Fisher's exact test. In this matched case-control study,
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the association between the Hp polymorphism and mortality from CHD,
independently of classical coronary risk factors, was modeled using
conditional logistic regression for matched sets [16]. Multivariately adjusted
odds ratios were calculated together with their 95% confidence intervals.
Statistical significance of the estimated regression coefficients was judged
according to the Wald 2 statistic. The global level for statistical significance
was taken as o = 0.05. Statistical analyses were performed using
lsoftware (SAS Institute Inc., Cary, NC, USA)|

Results

Hp phenotyping:

Essentially, Hp phenotyping was conducted using Hb supplemented serum
samples (2 mg/mL) on native-PAGE followed by a Hb peroxidase staining.
Figure 2 shows the distinguished three phenotypes. Hp 2-1, in addition to its
polymers, shared a monomeric form of Hp 1-1. Whereas, Hp 2-2 exhibited
trimeric and other polymeric forms. Apparently, the developed method was

consistent to that using Western blot analysis.

Hp phenotypes in angiographically documented patients with and
without CAD

A total of 1132 subjects containing 559 hospital narmal contro! and 573 CAD
patients were investigated for their Hp phenotypes. All the hospital normal
controls and CAD patients were identified from the hospitalized coronary
angiography. The distribution of the haptoglobin phenotypes was 8% (Hp 1-1),
41% (Hp 2-1), and 51% (Hp 2-2) in studied group (Table 1). Less than 8% of
the normal population in Taiwan corresponded to Hp 1-1, while Hp 2-1 and 2-
2 were about 42% and 50%. Such distribution was similar to other Far East

Asian areas: China, Korea, and Japan (Table 3).
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As shown in Table 1, the distribution in hospital normal controls was 7.5 %,
42.2 %, and 50.3 % for Hp 1-1, 2-1, and 2-2. The phenotype distribution in
CAD was 8.6 %, 40.1 %, and 51.3 % for Hp 1-1, 2-1, and 2-2, respectively
(Table 1). The distribution of Hp 2-1 ang 2-2 were almost equal between CAD
and hospital controls. Statistically, the phenotype difference between patients
with and without CAD was not significant (P=0.69).

Table 2 shows that no associations were found between the Hp phenotypes
and lipid profiles (plasma total cholesterol, HDL cholesterol, LDL-cholesterol,
and triglyceride).

In control group, HDL cholesterol in Hp 1-1 group was mildly higher than that
of Hp 2-1 and 2-2, which almost reaching the statistical significance (p = 0.062)
(Table 4). However apoAl, a major apolipoprotein of HDL, in Hp 1-1
(138.2+35.0 mg/mL) was significantly higher than that in Hp 2-1 (121.4129.6
mg/mL) and Hp 2-1 (124.5£29.7 mg/mL) (p = 0.024).

In patients with CAD, the mean apoA-! levels were found to be remarkably
lower in all the phenotypes (107.4+£28.0 mg/mL) than in controls (125.6£32.6
mg/mL) consistent to our previous finding over the population in Minnesota
area (NEJM). However, none of the other lipoid (except HDL} levels were
significantly difference from that of control subjects (Table 1). Thus, we
demonstrate again that low apoA-l level in plasma is a superior risk factor in

patients with CAD {mao, NEJM). Except apoAl, age in CAD group (67.3£9.5)

is older than normal control (61.4+12.3) (p= ). It matches the reported that

the incidence of cardiovascular disease in adults is increase with age of life

(52). The proportion of male in CAD (91%) is higher than normal control (70%)

(p= ). Men had higher risk scores of coronary artery disease risk than
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women did (51). In CAD patients (54%) there has higher hypertension

susceptibility than normal control (31%).

Hp 1-1 phenotype was associated with CAD patients when major risk
factors were adjustment
in the next study, we attempted to only address whether Hp phenotypes was
associated with coronary artery disease.

We tested the hypothesis whether or not Hp phenotypes may become a risk
factor when and other established risk factors (age, sex, hypertension, and

apoAl levels) are adjusted. As shown in Table 2,_stepwise conditional logistic

regression analysis, confirms that more than doubling in susceptibility of
coronary artery disease rates in the Hp 1-1 group compared with the rest, with
an adjusted odds ratio of 2.22 in Hp 1-1/ Hp 2-1and 2.19 in Hp 1-1/ Hp 2-2.
Thus, the data strongly suggest that Hp 1-1 was associated with CAD,

The overall association between the three Hp phenotypes and CAD was not
significant (p = 0.69).

As mentioned above, low levels of apoAl was a major factor associated with
CAD patients.

Geographic distribution of hp phenotypes:

In the next study by reviewing published reports, we show that the Hp 1-1
phenotype distribution in Taiwan, China, and Southeast Asia are dramatically
different from the other countries. Hp 1-1distribution in Africa is more than 20
% and up to 48% in Liberia, between 10~20% in Europe and North America,
and less than 10 % in Asia (Table 5). The dominant Hp 1-1 distribution is

among New Guinea and Chile (Indians) with values greater than 56%.
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Discussion
The method developed in this study using a native-PAGE for Hp

phenotyping (Fig.1) was fully agreeable with immunological phenotyping {data
not shown). In contrast to those utilizing starch gel, high performance gel
permeation chromatography (22, 23), agarose gel electrophoresis (24), and
Western blot, the present method supplemented with exogenous Hb to form
the Hb-Hp complex was sensitive, simple, rapid and data can be preserved
forever. It could virtually be finished within 1 h. The procedure represents a
definite improvement for Hp typing in clinical diagnoses.

Differential susceptibility to atherosclerotic coronary artery disease cannot be
explained entirely by conventional cardiac risk factors. There exists a growing
awareness of the existence of polymorphic genetic loci that may act to
modulate susceptibility to coronary heart disease (CHD).

Presumably, this was due to the marked complicated structure of Hp 2-1 and
2-2 as one extra-disulfide bond in the a2 subunit forms heterogeneous
polymers, in which some of the biologically functional groups are not fully
expressed on the surface. This apparent paradox might be explained by
differences in the frequency of diabetes in the two populations and by
separately analyzing the risk of CHD in non-diabetics and diabetics in the two
studies. In the Belgian study the increased risk of Hp 1-1 was seen only in
non-diabetic individuals whereas in the Strong Heart Study the decreased risk
of Hp 1-1 was seen only in individuals with diabetes (25).

Less than 8% of the normal population in Taiwan corresponded to Hp 1-1,
while Hp 2-1 and 2-2 were about 42% and 50%. Such distribution was similar

to other Far East Asian areas: China, Korea, and Japan (Table 3). Hp 1-1 or
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2-2 represents the homozygous individuals from human allele-1 or aliele-2,
respectively, located at chromosome 16q22.1. It is puzzling, however, that
the heterozygous Hp 2-1 individuals generally account for 50% among all the
populations (5-12,26-46), even though the frequency of Hp 1-1 is as low as
8% in Southeast Asia (Table 3). Genetically, since a 2 structure of Hp 2-2
contains one complete a 1 copy and a partial repeat of a 1 (as a resuft of a 1
insertion) and the a 2 structure has not been found in non-human subjects, as
such human phenotype 2-2 may be evolved later than Hp 1-1. Hp 2-2
homozygous is then reproduced from heterozygous 2-1.

Haptoglobin genotype is an independent risk factor for cardiovascular disease
and that this relationship is specific for diabetes.

Hp 2-2 molecule was significantly less than Hp 2-1 and 1-1 in protection
from Cu2+-induced LDL oxidation. We respected to the mechanism involved
in the pathogenesis of Hp phenotypes in CAD, The present study
demonstrates that Hp phenotype was associated with CAD. The data was
reported by Melamed-Frank et al, 2002 (Blood, 2001), in which they
demonstrate that the antioxidant effect of Hp 1-1 is differentially superior to Hp
2-1 and 2-2 using hemoglobin-induced LDL oxidation, a protection mechanism
thought to be mediated through Hp-Hb complex formation. [n patients with
diabetes mellitus developing nephropathy, Nakhout! et al (2001, Diabetologia)
have postulated that the differences in ine molecular shape and size between
the Hp 1-1 and 2-2 are involved. Recently, we have shown (bills purification
paper) that a significant overall difference in structure between Hp 1-1 and Hp
2-1 or 2-2 using a circular dichroic spectrum analysis (bills paper). We

suggest that the availability of “functional surfaces” of Hp 1-1 and 2-1 may be
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greater than that of Hp 2-2. This is because that only the Hp 2-2 can form
heterogeneous cyclic polymers (Fig. 1) with some of the functional domains
“buried” inside the buiky arrangement. Such structural diversity may account,
in part, for the clinical outcome by which Hp 2-2 phenotype is associated with
susceptibility to CAD and other related diseases. Nevertheless, identification
and understanding of the biochemical basis for the differences among Hp
phenotypes may lead to a rational design in intervening new pharmacological
agents, such as mini-Hp, which have been recently proposed [9 and Tolosano
2002, Blood].

In control group, Hp 1-1 has higher concentrate of apoAl (Table 1). It was
readily known that apo Al concentration was a marker of atherosclerosis (47).
Plasma level of apoAl is an important determinant and is more useful than
HDL cholesterol for identifying patients with coronary artery disease (47, 48).
So to estimate other risk factors for CAD, it must adjust the apoAl level before
statistic. The higher concentration of apo Al is, the lower of atherosclerosis
frequency. According to above, Hp 1-1 seems a protection role in control
group. Apo Al is thought to be better predictor of coronary artery disease
than HDL cholesterol. Apo Al is the major component of HDL, and it displays
anti-atherogenic properties (49). Michelle C. et al reported that apoAl
concentration was an independent predictor of CAD (50, mao).

In the other hand, the increase risk of coronary artery disease with the
increase in age occurred due to a combination of factors (51). According to
Kannel and Wilson (52), the incidence of cardiovascular disease in adults
doubles approximately at each decade of life. Men had higher risk scores and

were more concentrated in the highest positions of the ranges of coronary risk

27



than women did (51). The biological explanation for this fact could be the
female protection provided by estrogen, which has a direct effect on the
circulatory system, causing vascdilatation and inhibiting the progression of the
atherosclerotic processes, avoiding, therefore, ischemic events (33).
Hypertension and coronary artery disease (CAD) are often associated,
reflecting common origins in lifestyle and the role of hypertension as a risk
factor for CAD (54, 55).

To estimate the really effect of Hp phenotypes on CAD, these existed
conventional risk factors should be considered to modulate and predict the
susceptibility in the general population to atherosclerotic coronary artery
disease. Therefore, we used the conditional stepwise logical regression to
export the masked effects.

Compare the phenotypes distribution of Hp show dramatic geographical
differences. Table 3 collects Hp phenotypes distribution among geographical
population. Haptoglobin polymorphism is associated the prevalence and
clinical evolution of many inflammatory diseases, including infections,
atherosclerosis, and autocimmune disorders. The strong genetic pressure
favoring the Hp 2-2 phenotype suggests an important role of Hp in human
pathology (56). The Phenotype distribution difference of various populations is
probability programmed in geographic differences in diseases. Such as,
Diabetes, cardiovascular disease, certain cancers, and infection diseases.
For example, Hp 1-1 is associated wiih susceptibility to falciparum malaria
and the development of severe complications; alternatively, the other
phenotypes may confer resistance (57). It had been reported that women with

the Hp 1-1 reproduce at an earlier age and have higher natural fertility
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potential than women with other Hp genotype (58). There exists the highest
distribution of Hp 1-1 in the world, it could partially explain the earlier
reproduce in Africa than other area.

It has been proposed that the Hp-2 allele was originated at about 2 million
years ago (59) and had since spread over the world under a strong genetic
pressure, which favors the Hp 2-2 phenotype displacing the monopoly of Hp 1
alletle gradually. As shown in Table 3, the greatest value of Hp 1-1 distribution
is being in the West Africa (49%) (31) and Indians of Chile (56-63%) (42), with
the Hp 2-2 distribution less than 10%. Its distribution decreases from West
Africa (49%) in the direction of East Africa (25%), Northwest Europe (16%),
Southeast Europe (15%) to Asia (2-8%) (5-12,26-46). Thus, the data suggest
that Hp phenotype distribution variance might be regarded as an index factor
in relation to ancient human population migration.

In the patient with diabetes increased oxidative stress, (20) differences in
genetically determined endogenous antioxidant protection may have

exaggerated importance.

Finally, since Hp phenotype is an independent risk factor in developing
CAD and its provocative antioxidant role in protecting atherosclerosis,
determination of Hp concentrations in human plasma would be essential.
Although methods using immunodiffsion and ELISA have been developed (—--
----), our preliminary study indicated that the immunoreactivity of each type of
Hp was diverse and heterogeneous depending on the epitope specificity of
the molecular orientation of Hp. Thus, it is somewhat difficult to accurately

determine the concentrations of Hp using immunoassays. For example, at the
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equal concentrations of each Hp phenotype, we show that the
immunoreactivity of Hp 1-1 was significantly higher than the other two types
(data not shown). Regardless, we are currently in progress to determine the
plasma Hp using a “surface specific’ monoclonal antibody that could fully

recognize the epitope of Hp in each pheaotype.
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Fig. 1. Schematic drawing of the phenotype structure of human Hp 11,
2-1, and 2-2. All three phenotypes share a common structure of B chains.
The degree of polymerization within the inter-molecular arrangement is shown.
The difference between a1 and a2 chains and their combinations determine
the Hp phenotype (bottom). a2 is a duplicate of a1 with a repeat insert of
residues 12 70. Making it simple, a2 (142 amino acids) contains two repeated
domains showing a unique sequence of EADDG (residues 69 73) at the

splicing site.
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gel electrophoresis and peroxidase staining. Lane 1~3, Hp 1-1; Lane 4~6, Hp

2-1; Lane 7~9, Hp 2-2.
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TABLE 1. Hp phenotypes distribution of all subjects and subjects with and

Total Hp 1-1 Hp 2-1 Hp 2-2 p-
value
All subjects, % 100% 8% (91) 41% (466) 51% (575)
(n) (1132)
CAD, % (n) 100% (573) 9% (49) 40% (230) 51% (294)

Control, % (n) 100% (559) 8% (42) 42% (236) 50% (281) 0.69
without coronary artery disease.

*The p-value is from a two degree of freedom test comparing all haptoglobin

types.

TABLE 1. Hp phenotypes distribution of all subjects and subjects with and without
coronary artery disease.

Total Hp 1-1 Hp 2-1 Hp 2-2 p-value
All subjects | 100% (1132) | 8% (91) | 41% (466) | 51% (575)
CAD 100% (573) 9% (49) | 40% (230) | 51% (294)
Control 100% (559) 8% (42) |42% (236) | 50% (281) 0.69
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Clinical and biochemical parameters for overall population
Phenotypes ] 1-1 | 2-1 2-2 | Total | p-value
All subjects

| Age (yrs) 63.4+11.7 63.5+12.1 64.7+11.0 64.4+11.3 0.23
BMI 24.4+3.0 24.513.4 25.3+8.2 24.916.1 0.15
Total cholesterol | 201.9+51.3 | 202.3+54.6 | 205.44+60.7 | 204.1+56.9 0.67
HDL cholesterol 39.0+£13.7 38.2+12.5 39.9+17.0 39.7+15.0 0.23
LDL cholesterol 142.7448.7 | 139.4£55.8 | 139.4159.4 | 139.6156.8 0.89
Triglycerides 149.0+84.0 | 166.8+162.8 | 165.4+125.3 | 165.2+149.1 0.55
apoA1* 118.2+35.9 | 114.5£29.1 | 116.7+30.5 | 116.8+31.8 0.48
apoB 92.8+30.8 93.4+31.8 95.6+£31.5 95.0+£31.6 0.57
Male (%) 73% 81% 81% 81% 0.20
Hypertension (%) 40% 41% 44% 43% 0.64
Diabetes (%) 11% 13% 15% 14% 0.45
Smoke (%) 60% 48% 47% 49% 0.10
Drink (%} 29% 36% 34% 34% 0.54

* The p-value comparing apoA1l between 2-1 and 1-1 is 0.37
The p-value comparing apoA1 between 2-2 and 1-1 is 0.71
The p-value comparing apoA1 between 2-1 and 2-2 is 0.30
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Clinical and biochemical parameters according to diabetes status

Phenotypes [ 1-1 {2-1 | 2-2 | Total | p-value
Non-diabetes

Age (yrs) 63.4£12.0 62.5£12.5 64.1t11.5 63.7+11.7 0.15
BMI 24.213.0 244334 252+8.8 24.716.5 0.23
Total cholesterol 200.8%53.1 | 205.1%56.2 | 208.5162.4 206.7t58.3 | 0.49
HDL cholesterol 39.8t14.2 38.5+12.8 412179 40.4%15.6 0.062
LDL cholesterol 142.8150.8 | 141.74574 | 141.2%61.1 141.6£58.1 | 0.98
Triglycerides 139.5163.6 | 166.3t167.4 | 159.81127.4 | 161.4%151.1 | 0.32
apoAl 119.6136.0 | 115.3129.5 | 118.2£30.9 118.1£32.3 [ 038
apoB 91.9131.1 94.1£32.9 095.9132.4 95.5132.5 0.60
Male (%) 73% 80% 81% 80% 0.29
Hypertension (%) | 41% 37% 40% 39% 0.67
CAD (%) 51% 45% 45% 46% 0.66
Smoke (%) 59% 49% 47% 49% 0.15
Drink (%) 32% 35% 34% 35% 0.88
Diabetes

Age (yrs) 61.3110.0 69.417.8 67.317.5 68.317.8 0.013
BMI 24.7134 25.612.9 26.313.5 25.8%3.2 0.38
Total cholesterol 199.1134.2 | 185.0£39.7 | 188.3147.2 188.41449 | 0.66
HDL cholesterol 33.618.7 36.3t10.4 33.818.0 36.0%10.7 0.35
LDL cholesterol 13541276 | 122.1443.0 | 129.3+45.9 125.7445.3 | 0.59
Triglycerides 191.9+144.8 | 175.8£148.3 | 198.4t114.0 | 188.51143.6 | 0.61
apoAl 103.4%36.0 | 107.7+27.0 | 107.5£28.1 108.1£27.8 | 0.93
apoB 100.1331.9 | 87.8+23.3 95.4125.8 92.6+25.6 0.28
Male (%) 67% 88% 81 83% 0.23
Hypertension (%) [ 33% 68% 67% 65% 0.13
CAD (%) 89% 84% 79% 82% 0.69
Smoke (%) 67% 42% 51% 48% 0.35
Drink (%) 0% 42% 36% 36% 0.060
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Table1. Clinical

and biochemical

parameters according to Hp

phenotypes

Phenotypes 1-1 2-1 2-2 Total p-value
Control

n (%) 42 (7.5%) 236 (42%) 281 (50 %) 559

Age (yrs) 60.6£12.5 60.1£13.3 62.6+11.4 61.4112.3 0.074
BMI 24.2+2.8 24.5+3.6 24.9+3.3 24.613.4 0.34
Total cholesterol 214.1455.6 213.8462.6 21494658 214.1+63.3 0.98
HDL cholesterol 45.9+15.2 46.1113.8 43.3+19.1 42.6116.7 0.062
LDL cholesterol 150.8153.6 148.3163.0 1442164.9 1452162.3 0.73
Triglycerides 156.71102.7 179.41200.9 164.6+147.0 173.7+186.8 0.55
apoA1 138.2+35.0 12141296 124.5%£20.7 1256+326 0.024
Male, n (%) 26 (62%) 165 (70%) 200 (71%) 391 (70%) 0.50
Hypertension, n (%) 12 (29%) 66 (28%) 95 (34%) 173 (31%) 0.39
CAD

n (%) 49 (8.6%) 230(40%) 294(51%) 557

Age (yrs) 65.8110.4 67.0£9.7 66.7£10.1 67.319.5 0.74
BMI 24.4+3.2 24.543.1 25.7+11.2 25.11£8.0 0.32
Total cholesterol 191.7£45.6 190.8142.3 196.4154.1 194.8148.2 0.42
HDL cholesterol 33.819.9 3€.3¢10.8 36.7¢13.9 36.9+12.5 0.37
LDL cholesterol 136.5244.4 130.1+45.7 134.7153.3 134.0+50.0 0.56
Triglycerides 142.6165.1 154.3+112.0 166.2+100.8 157111009 0.23
apoAi 103.6+29.2 106.8+26.6 108.4%29.2 107.4+28.0 0.60
Male, n (%) 41 (83%) 212 (92%) 267 (91%) 506 (81%) 0.11
Hypertension, n (%) 25 (50%) 126 (55%) 159 (564%) 300 (54%) 0.84

Data are mean + SD given in mg/dL

* The p-value comparing apoA1l (control) between 2-1 and 1-1 is 0.0066
The p-value comparing apoA1 (control) between 2-2 and 1-1 is 0.026

The p-value comparing apoAl (control) between 2-1 and 2-2 is 0.29
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TABLE 5. Impact of Hp 1-1 on coronary artery disease adjusted for
classical risk factors

OR for stepwise multivariable

adjusted

*Adjust Risk factors Hp 1-1/Hp 2-1  Hp 1-1/Hp 2-2 p
Non 1.20 1.12 0.69
Age 1.18 1.17 0.78
Age + Gender 1.43 1.40 0.36
Age + Gender + 1.49 1.50 0.28
Hypertension

Age + Gender + 2.22 219 0.044

Hypertension + Apo Al

* Multivariately adjusted according to conditional logistic regression.

7 Diabetes group RIREHBEHRER
7€ control/CAD £{134H apoAl, Age, gender, Hypertension £ difference

For non-diabetes

CAD versus new_Hp_type

OR of having CAD comparing 1-1 and 2-1 = 1.25
OR of having CAD comparing 1-1 and 2-2 = 1.23
OR of having CAD comparing 2-1 and 2-2 = 1.02
p-value for new_Hp_type = 0.66

CAD versus new_Hp_type, adjusting for ag>

OR of having CAD comparing 1-1 and 2-1 = 1.22
OR of having CAD comparing 1-1 and 2-2 = 1.26
OR of having CAD comparing 2-1 and 2-2 = 0.97
p-value for new_Hp_type = 0.67

CAD versus new_Hp_type, adjusting for age and sex
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OR of having CAD comparing 1-1 and 2-1 =1.39
OR of having CAD comparing 1-1 and 2-2 = 1.42
OR of having CAD comparing 2-1 and 2-2 = 0.98
p-value for new_Hp_type = 0.41

CAD versus new_Hp_type, adjusting for age, sex and hypertension
OR of having CAD comparing 1-1 and 2-1 = 1.37

OR of having CAD comparing 1-1 and 2-2 = 1.43

OR of having CAD comparing 2-1 and 2-2 = 0.96

p-value for new_Hp_type = 0.43

CAD versus new_Hp_type, adjusting for age, sex, hypertension and apoAl
OR of having CAD comparing 1-1 and 2-1 =2.04

OR of having CAD comparing 1-1 and 2-2 =1.97

OR of having CAD comparing 2-1 and 2-2 = 1.04

p-value for new_Hp_type =0.12
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For diabetes

CAD versus new_Hp_type

OR of having CAD comparing 1-1 and 2-1 =1.50
OR of having CAD comparing -1 and 2-2 =2.12
OR of having CAD comparing 2-1 and 2-2 = 0.71
p-value for new_Hp_type = 0.61

CAD versus new_Hp_type, adjusting for age

OR of having CAD comparing 1-1 and 2-1=2.48
OR of having CAD comparing 1-1 and 2-2 =3.17
OR of having CAD comparing 2-1 and 2-2 = 0.78
p-value for new_Hp_type = 0.49

CAD versus new_Hp_type, adjusting for age and sex
OR of having CAD comparing 1-1 and 2-1 = 3.21
OR of having CAD comparing 1-1 and 2-2 = 3.80
OR of having CAD comparing 2-1 and 2-2 = 0.84
p-value for new_Hp_type = 0.44

CAD versus new_Hp_type, adjusting for age, sex and hypertension
OR of having CAD comparing 1-1 and 2-1 =3.13

OR of having CAD comparing 1-1 and 2-2 = 3.65

OR of having CAD comparing 2-1 and 2-2 = 0.86

p-value for new_Hp_type = 0.48

CAD versus new_Hp_type, adjusting for age, sex, hypertension and apoAl
OR of having CAD comparing 1-1 and 2-1 =2.90

OR of having CAD comparing 1-1 and 2-2 = 4.82

OR of having CAD comparing 2-1 and 2-2 = 0.60

p-value for new_Hp_type = 0.34
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® Table 3. Geographical distribution of Hp phenotypes. (% of
population)

Population Hp 1-1 Hp 2-1 Hp 2-2 Ref.
Africa 31 38 18 26
Kenya 27.5 59.5 13.6 27
Black Zimbabwean 291 3986 223 28
Ghana 215 27.9 7.6 29
Burundi 28 48 20 30
Liberia 48.7 423 9.1 31
Europe

Northwestern Europe 15.7 478 365 32
Northwestern Italian 17.0 51.3 38.5 34
Russian 20.4 50.0 296 35
Ukraine 12.7 481 36.5 53
Kazakh 18.1 49.3 326 35
Caucasians 15.9 48.2 35.9 53
Belgium 13.0 53.0 34.0 36
France 15.3 497 35.0 30
Germany 14.0 48.0 38.0 38
Sweden 13.5 475 38.0 39
Hungary 12.6 472 40.2 40
UK 101 55.5 N7 31
Gypsies 0.0~53 21.2~32.2 655~77.9 33
Asla

China 9.4 355 55.4 57
Taiwan 7.5 445 480 *
Korea 7.5 47.2 43.9 42
Mongolian 7.5 355 54.3 42
Japan 7.8 46.5 45.9 43
fran 8.2 40.8 51.3 45
Jordanian 8.6 41.6 49.8 50
Bengal 2.6 26.8 70.6 44
India Madras 1.9 21.3 76.3 43
South Yemen 147 41.4 440 47
America

Nebraska 17.6 51.6 30.2 46
U.S. Hutterites 201 51.2 233 43
U.S.Tecumseh 17.7 48.7 33.4 43
Guatemala 334 496 15.6 48
Chile (Mapucho Indians) 56.0 336 10.3 49
Chile (Pehuenche Indians) 62.8 345 2.7 49
Pacific

New Guinea 61.3 315 6.45 43
Australia (North Queensland) 2.0 317 66.3 51
Australia (Bushmen) 10.6 354 52.2 19

*From the present study
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Human plasma haptoglobin (Hp) is known as an acute phase protein, its plasma level
elevates in response to inflection or inflammation. One of the key functions of Hp is
to capture the hemoglobin by forming a high-affinity Hp-hemoglobin complex.
Similar to blood types, there are three major Hp phenotypes 1-1, 2-1, and 2-2 in
human plasma attributed by two common alleles (1 and 2). Clinically, patients with
polymeric form of Hp 2-1 or 2-2 are associated with the complications of myocardial
infarction, kidney failure, and diabetics. Presumably, this was due to the marked
complicated structure of Hp 2-1 and 2-2 as the extra-disulfide bond forms
heterogeneous polymers, in which some of the biologically functional groups are not
fully expressed on the surface. Owing to the surface availability that might be
attenuated in polymeric Hp 2-1 and 2-2, we tested the hypothesis whether or not the
antigenic domains located at the Hp 1-1 surface were more susceptible than that of Hp
2-1 and 2-2. Monoclonal antibodies (mAb) against human Hp were prepared to
address this possibility. From 6 mAb produced, one of them (W1) was specific to Hp
a-chains, while the others were to B-chain. Unlike to the other mAb, one B-chain
mAb (G2D) possessed the immunoreactivity that was not largely affected by the
blockage of disulfide linkages (carboxymethyl modification on cysteine) and trypsin
treatment of Hp. The immunoreactivity of Hp 1-1 against all the 6 mAb were
significantly higher than that of 2-1 and 2-2. However, the immunoreactivity of
disulfide-blocked Hp among the phenotypes was identical. Thus, the data suggest that
the surface areas of polymeric forms of Hp 2-1 and 2-1 are not fully exposed.
Supported by the grant NHRI-EX92-922981 (S.J.T.M.)
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Introduction

Hemoglobin is the most abundant and functionally important protein in erythrocytes
and blood. However, once released from red blood cells, it becomes highly toxic
because of the oxidative properties of iron-containing heme, which participates in the
Fenton reaction to produce reactive oxygen species causing cell injury (mao
thrombosis paper and 3, from Tolosano paper).

On the other hand, human haptoglobin {(Hp) is known as an acute phase protein,
and its plasma level elevates in response to inflection or inflammation [1-3]. One of
the key functions of Hp is to capture the hemoglobin by forming a high-affinity Hp-
hemoglobin complex (1, 2 of Tolosano paper). The complex is then metabolized
through receptor-mediated process (3-8 of Kristiansen of Nature paper) including a
recent report showing the CD 163 receptor of macrophages (Kristiansen).

Similar to blood types, there are three major Hp phenotypes 1-1, 2-1, and 2-2 in
human plasma attributed by two common alleles (1 and 2). Structurally, Hp is

“tetrameric” or (af); joined by disulfide linkages among the 2 « and 2 § chains [4-6].

Fig. 1 shows that all the phenotypes share the same 2 [ chains (each with about Mr
40,000 kDa containing 243 amino acids and approximately 30% carbohydrate). A
typical structure of homozygous Hp 1-1 is composed of two identical a1 chains (each
with about Mr 9,000 kDa containing 83 amino acids). Homozygous Hp 2-2 is
composed of two identical a2 chains (each with about Mr 16,500 kDa containing 142
amino acids) as compared to that of heterozygous Hp 2-1 containing one each of o2
and al (Fig. 1). Likewise, the tetrameric arrangement is also found in other animal

species such as rat, rabbit, and pig [7-12]. However the 2 identical af} units (Hp 1-1),
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joined by a non-covalent interaction rather than a disulfide bridge, are found in dog,
cat, and bear [13-14].

Clinically, patients with polymeric form of Hp 2-1 or 2-2 is associated with the
complications of myocardial infarction [15], kidney failure [16], and diabetics {17].
Presumably, this was due to the marked ccmplicated structure of Hp 2-1 and 2-2 as
the extra-disulfide bond forms heterogeneous polymers, in which some of the
biologically functional groups are not fully expressed on the surface. The assumption,
however, has not been tested extensively because the structural and functional studies
are hampered by lack of a straightforward isolation procedure in preparing sufficient
Hp phenotypes. Recently, we have developed an easy and simple antibody-affinity
column technique for the purification of Ho 1-1, 2-1, and 2-2, respectively (. The
technique allows us to conduct some structural and functional relationship studies on
Hp. Owing to the surface availability might be attenuated in polymeric Hp 2-1 and 2-
2, we tested the hypothesis whether or not the antigenic domains located at the Hp 1-1
surface were more susceptible than that of Hp 2-1 and 2-2 in the present study. For
this reason, monoclonal antibodies (mAb) against human Hp were prepared to address
this possibility. From 6 mAb produced, one of them (W1) was specific to Hp a-
chains, while the others were to 8-chain. One 8 -chain mAb (G2D) possessed the
immunoreactivity that was not largely affected by the blockage of disulfide linkages
(carboxymethyl modification on cysteine) and trypsin treatment of Hp. The binding
affinity of all the 6 mAb exhibited significantly higher to Hp 1-1 than that to 2-1 and

2.2, The immunochemical structure of Hp as probed by mAb and its clinical

implication are discussed.
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Material and Methods

Purification of human Hp 1-1, 2-2, and 2-2

Hp were purified using an antibody affinity-column according to the standard
procedures recently described by us (). Briefly, mAb was first coupled to CNBr-
activated Sepharose-4B  (Pharmacia, Uppsala, Sweden) according to the
manufacturet’s procedl.xres. Approximately 3 g of freeze-dried Sepharose (1 g of
freeze-dried powder gave about 3.5 ml final volume of gel) were swollen and
suspended in 1 mM HCI and immediately washed with 20 x volume of the same
solution within 15 min on a sintered glass filter [24-26]. The gel was then washed
with coupling buffer containing 0.1 M NaHCO; and 0.5 M NaCl, pH 8.3, and
degassed. About 10 ml (18.7 mg/ml) of ammonium-sulfate fraction of mAb in
coupling buffer were slowly added into the gel (in 15 ml), while gently stirring by a
magnetic bar for 1 h at room temperature. After coupling, the gel was washed with 10
x volume of PBS to remove unbound materials via a sintered glass filter. The gel was
then treated with a blocking solution containing 0.1 M Tris-HCl and 0.5 M NaCl, pH
8.0, for 2 h at room temperature to saturate the remaining reactive-sites. The degassed
gel was then washed with 3 cycles of blocking buffer and a 0.15 M NaCl solution of
pH 11.0 (adjusted by ammonium) according to the procedures previously described
by us [26]. Finally, the gel was equilibrated in PBS and packed onto a
column. Filtered human plasma of each Hp-phenotype batch was loaded onto the
antibody affinity-column (10 ml in bed volume) at room temperature. The column
was then washed with 50 ml of PBS. The bound materials were further washed with
50 ml of 0.02 M phosphate buffer containing 0.2 M NaCl, pH 7.4, and then eluted
with 50 ml of a freshly prepared 0.15 M NaCl solution with pH 11 adjusted by

ammonium [26]. Each eluted fraction was collected in a tube containing 0.25 ml of 1
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M Tris-HCI buffer, pH 6.8, to immediately neutralize the pH value. Pooled fractions
containing Hp were then concentrated using an Amicon centrifugal filter (Millipore),
and loaded onto a HPLC Superose 12 column (1 x 30 cm) (Pharmacia) pre-
equilibrated with 50 mM ammonium bicarbonate. The HPLC was run at a flow rate
of 0.5 ml/min (). Fractions containing Hp were pooled and directly lyophilized

followed by storage at —80°C until analyzing,.

Gel electrophoresis

Sodium dodecyl sulfate-polyacrylamide (15%) gel electrophoresis (SDS-PAGE) was
performed according to the Laemmli’s method [27] with some modification in using
5% polyacrylamide on the stacking gel as previously described [7]. Samples

(typically 5 ng) for SDS-PAGE were preheated at 100 °C for 10 minutes in a loading

buffer [12 mM Tris-HCl, pH 6.8, 0.4% (w/v) SDS, 5% glycerol, 0.02% bromphenol
blue] containing 2.88 mM 2-mercaptoethanol as a reducing reagent. For molecular
weight calibration, a subset of the following standards was included in each gel:
myosin (200 kDa), B-galactosidase (116 kDa), phosphorylase B (97 kDa), serum
albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa), soybean trypsin
inhibitor (21.5 kDa), lysozyme (14.4 kDa), and aprotinin (6.5 kDa). The samples

were run for about 1.5 h at 100 V and stained using Coomassie brilliant blue R-250.

Production of Hp mAb

Hp 2-1, containing all the @ 1 and « 2 and B chains, was chosen as an antigen for
immunizing BALB/C mice. Hp (50 ug) in 0.4 m] of 50% complete Freund’s adjuvant
was injected intradermally and intraperitoueally into the animals. The mice were

boosted by intraperitoneal injection with 25 ug of antigen in adjuvant at day 14. A
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final injection with 25 ug of antigen without adjuvant was given at day 21. Mice were
sacrificed on the day 24 for the fusion. Somatic cell fusion using FO cell line was
performed in a manner similar to that described previously by us (). Briefly, primary
cultures seeded in 96-well microtiter plates were screened for the presence of IgG
antibodies using an ELISA with goat anti-mouse IgG as a secondary antibody. The
positive clones recognizing Hp were expanded and the culture media giving the high
immunoreactivity on an ELISA were tested for their ability to recognize Hp on a
Western blot. After limiting dilution and subcloning, 6 clones (derived from the
different primary culture wells), designated as 2H3, G2D, 12B1, 8Bl, 4A2, and W1

were established and used in this study.

Purification of Hp monoclonal antibodies

Tissue culture medium containing the anti-Hp antibody was first precipitated by 50%
of saturated ammonia sulfate (SAS). The SAS fraction was concentrated by 10 x and
then dialyzed extensively in a 0.02 M Tris-HCI buffer, pH 8.5. About 20ml of
dialyzed fraction was then loaded onto a DEAE column (1 x 20 cm) pre-equilibrated
with 0.02 M Tris-HC, pH 8.5, followed by an elution with the same buffer containing

0.02 M NaCl. Fractions corresponding to IgG were pooled, desalted, and lyophilized.

Western blot analysis

Each mAb was initially characterized using whole human plasma (Hp 2-1) for the
identification of @ or P chain specificity and to role out its possible cross-reactivity
against other plasma proteins on a Western blot. Following the separation on SDS-
PAGE, the gel and was then electrotransferred to a nitrocellulose membrane

(Pharmacia) at 90 mA for 1 h in a semi-dry transfer cell (Bio-Rad) containing a
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transfer buffer. The transferred membrane was then immersed in 5% skim milk in
PBS for 1 hour at room temperature, while shaking gently. After 3 x washing with
PBS for 5 min, the membrane was incubated with mouse mAb against human Hp in
PBS buffer containing 1% (w/v) skim milk and 0.05% Tween-20 for 1 hour at room
temperature and washed 3 x for 5 min. The membrane was then incubated with
1:10,000 diluted goat anti-mouse IgG conjugated with horseradish peroxidase in the
same buffer for 1 h. In addition, the membrane was washed 2 x with washing buffer
and further washed 1 x with PBS. Finally, the membrane was developed using 3,3 -

diaminobenzidine (DAB) as a substrate for horseradish peroxidase [7, 25].

Enzyme linked immunosorbent assay

Briefly, approximate 1 ug of Hp 2-1 in 50 uL of PBS was coated on a 96-well
microtiter plate (Nunc, Roskilde, Denmazk) for screening against of hybridoma
culture media or Hp mAb to be tested using the method previously established in our
laboratory (). Unbound proteins were washed with PBS 1 x and subsequently blocked
by an addition of 350 uL of PBS containig 1% skim milk (v/v) (PBSS) (21).
Following 2 x washes with PBSS, 50 uL of hybridoma culture medium (2 weeks
following the fusion) or Hp mAb were added and incubated at room temperature for
60-90 min. Each well was washed 2 x with PBSS containing 0.05% Tween-20.
Bound antibodies were detected using a goat anti-mouse IgG conjugated with
horseradish peroxidase for 60 min in PBSS. Finally, each well was washed and
developed with 0.04% 2,2-Azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid) (ABTS)

containing 0.01% H;0O; in PBS.
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Determination of Binding affinity of mAb between Hp 1-1, 2-1, and 2-2

The binding affinity (Ka) was determined using an ELISA according to the method
previously described by Beatly et al (). In brief, the determination was based upon the
Law and Mass Action and using serial dilution of both Hp (coating the plate} and
purified Ig G fraction of mAb. After th;a incubation, the plate was sequentially
incubated with a second peroxidase-labelled anti-mouse IgG. The amount of mAb
bound to Hp on the plate was measured by optical density (). The final Ka was
measured according to the method similar to our previous reports (Mao et, clinical

chem, and Kreistanasky and mao, Febs letter).

Reduction and carboxylmethylation of Hp 1-1 and 2-1

The reaction was conducted according to the procedures previously reported
by Mao et al (BBA). To 5 mg Hp were added 4 ml of 0.1 M Tris-HCI buffer (pH 8.6),
5 M urea, 0.02 M dithioerythritol. The reaction mixture was flushed with nitrogen
and incubated at 23 C. After 2h, 10 mg iodoacetic acid were added and the reaction
mixture was maintained at pH 8.6 by the addition of 1M NaOH. After 30 min,
carboxymethylated Hp was dialyzed against 0.05 M ammonium bicarbonate and

lyophlized

Other methods

Trypsin treatment of Hp was conducted using 4 12 g of Hp 2-1, in which 0.2 ul of
trypsin (2 mg/ml) were added and incubated at 37°C for 12 hours. The reaction

mixture was immediately applied into 15% SDS-PAGE followed by a Western blot

analysis.
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For the determination of circular dichroic spectra, the lyophilized Hp 1-1, 2-1, or
2-2 was dissolved in 10 mM phosphate buffer at pH 7.4 with a final concentration of
0.2 mg/ml. About 300 pl of Hp solution was used to analyze within a cuvette of 1-
mm path length. Circular dichroic spectrum was conducted between 190 and 300 nm
in a Jasco J-715 spectropolarimetry. The obtained spectrum of each type of Hp was
accumulated for 20 times at a scanning rate of 50 nm/min and the % a-helical content
was estimated from the mean residue molar elliplicity (€222). % a-helix = [(6222 +

3000)/(36000+3000)] X 100 [28].

Results

Purification of human plasma Hp 1-1, 2-2, and 2-2

Each Hp phenotype of human plasma was first identified and then subjected to
purification by an antibody-affinity column followed by a HPLC Superose 12 (). As
shown in Fig. 2, the homogeneity of each phenotype in the presence of reducing
reagent with greater than 95% on SDS-PAGE. Meanwhile, the presence of
multimeric forms in Hp 2-1 or 2-2 in the absence of reducing reagent is revealed (Fig.

2)

Production of Hp monoclonal antibodies and its purification

Hp 2-1 was chosen as antigen for immuniziag mice due to its subunits (B, a t, and a 2)
are commonly shared in either Hp 1-1 or 2-2 (Fig 1). There were about 20 positive
clones reacting with Hp in initial screenings from 594 hybridomas. Following the
selection (high titers on ELISA and positive on Western blot), limiting dilution, and
subcloning; 6 monoclonals against Hp were established. To avoid each mAb derived

from the culture medium might contain hemoglobin, each mAb was then purified on a
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DEAE-column. Notably, the purity of each mAb was greater than 90% (Fig. 3).
Subtyping of each mAb using an ELISA indicated that they were all IgG1 subclass

(Table 1).

Specificity and characterization of the mAb
Specificity of each mAb was evaluated on Western blot using whole human plasma or
purified Hp 2-1. Fig. 4 shows that 5 of the mAb (clones 2H3, G2D, 12B1, 8Bl1, and

4A72) were specific to the Hp 8 subunit, while only one (clone W1) recognized o

subunits o 1 and & 2 (Table 1). Because a 2 represents a repeat domain of a 1, clone
W1 thus reacted with both. It also indicates that clone W1 recognized an epitope
between residues 1-83 of a 1 chain. None of the mAb reacted with human plasma
proteins other than Hp (Fig. 4). To further explore the epitope specificity, Hp was
treated with trypsin in a limited digestion. Only mAb G2D and W1 were still able to
react with trypsinized fragments (Fig. 5). Others were sensitive for the treatment.
The limited treatment seems not to alter the a chain in great extent, since both

immunoreactivity and molecular size were retained as assessed by mAb W1 (Fig. 5).

Binding affinity of mAb to Hp 1-1, 2-1, and 2-2

In the next experiment using our mAb as a probe, we tested hypothesis whether or not
the surface structure of Hp 2-1 and 2-2 is different from that of Hp 1-1 due to their
complicated polymeric forms. We determined the binding affinity (Ka) of all the
mAb against each respective Hp 1-1, 2-1, and 2-2 using an non-competitive ELISA
previously established by Beaty et al (). Typical examples using mAb G2D and 12B1
with respective to the binding of Hp 1-1, 2-1 and 2-2 are shown in Fig. 6. The Ka

values of all the mAb to each Hp phenotype are given in Table 2. The binding
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affinity of all the mAb directed against Hp 1-1 was significantly higher (between 2-4
folds) than that against Hp 2-1 and 2-2. Thus, the data suggest that Hp 1-1 was more

susceptible for the antibody binding than Hp 2-1 and 2-2.

Chemical modification of cysteine groups on Hp

Since the extra-cysteines (refer to Fig. 1) are responsible for the polymerization of Hp
2-1 or 2-2, we than tested whether or not the blockage of disulfide linkages might
equalize the immunoreactivity between Hp 1-1 and 2-2 (the most distinct phenotypes)
using a competitive ELISA. First, Hp 2-2 were irreversibly modified by reduced
carboxymethylation in the presence of 5 M urea () to block all the cross linkages

between the ¢ - and 8 -chains as well as the linkages within the Hp molecules. SDS-

PAGE analysis without the addition of reducing reagent (mercaptoethanol)
demonstrated that a- and B-chains were completely separated and migrated to each
expected molecular weight of o and P chains, respectively, as that shown previously
(Bills paper). Chemical reagent -() also demonstrated that essentially there
were no free thio groups left over the modified cysteines. Because the overall
structure of Hp underwent drastic changes upon the disruption of disulfide linking
(even within each monomer), the antibodies (2H3, 12B1, 8BI, 4A2, and W1) could
not recognize chemically modified Hp as shown in Fig. 7. Fortunately, mAb G2D
was still able to reacted with reduced Hp 2-2 (Fig. 7). In the next experiment, we
show that immunoreactivity of carboxymecthylated Hp 2-2 was almost completely
identical to that carboxymethylated Hp 1-1 in a dose-dependent manner (Fig. 7). It
indicates that the immunoreactivity (assessed by mAb G2D) between Hp 1-1 and 2-2

was identical when they were chemically reduced. Thus, the data are consistent with
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our notion that the surface availability of Hp 2-2 are attenuated by its polymerization,

in which disulfide-linkages are responsible.

Discussion

Purification of human Hp has been hampered for years due to its structural diversity
[7, 18-21]. In the present study, plasma without any additional manipulations (e.g.,
ammonium-sulfate precipitation) was utilized for Hp isolation. The solution property
of each Hp phenotype on Superose column was consistent with its molecular forms,
of which Hp 1-1 was more homogeneous than the other two species in size (). Using
6% SDS-PAGE without reducing reagent, Fig. 2 revealed the monermeric nature of
Hp 1-1; and confirmed that the isolated Hp 2-1 was heterogeneous containing Hp
monomer and dimer, while the polymeric Hp 2-2 contained neither.

Since Hp 1-1 represents a monomeric unit of Hp (B-a-a-f), we speculated that the
molecular hindrance for the “functional surface” is minimal and the antigenic epitopes
might be more accessible for the antibody binding than that of polymeric Hp 2-1 or 2-
2. To test this hypothesis, we determined the immunoreactivity of each phenotype of
Hp. Fig. 6 and Table 2 demonstrated that the immunoreactivity of Hp 1-1 tested
against all the mAb was indeed significantly greater than that of Hp 2-1 and 2-2.
Thus, it proved the evidence that the antigenic domains located at monomeric Hp
were well expressed and the immunoreactivity of Hp 1-1 was in general differentially
higher than that of Hp 2-1 and 2-2. The immunoreactivity, however, was
indistinguishable between the reduced Hp 1-1 and reduced 2-1, when using mAb G2D
(Fig. 7). It suggests that disulfide linkages play an essential role in molecular
hindrance and overall conformation of Hp. To test this hypothesis, we characterized

the secondary structure of each Hp phenotype by determining the conformation of Hp
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by CD (Fig. 8A). The estimated a-helical content was about 29, 22, and 21% for Hp
1-1, 2-1, and 2-2, respectively. On the other hand, the UV spectra among the
phenotypes were indistinguishable (Fig. 8B). Statistically, the a-helical content in Hp
1-1 was significantly higher thaﬁ that in Hp 2-1 and 2-2 (P < 0.001). The Hp 1-1 gave
a more ordered structure than that of Hp 2-1 and 2-2. In addition, we show that the
ordered structure was markedly abolished when the disulfide linkages were truncated
(Fig. 8). It also explains why all the mAb (excepted G2D) could not recognize
chemically reduced Hp. On the contrary, G2D antibody seemed to be “sequence
dependent” since it resisted to both carboxylmethylation (Fig. 7) and trypsin treatment
(Fig. 4) on Hp.

Taking together, we identified that the immunoreactivity of Hp 1-1 was greater
than that of Hp 2-1 and 2-2 suggesting that the availability of “functional surfaces” of
Hp 1-1 may be greater as compared to Hp 2-1 and 2-2. The circular dichroic spectra
also revealed a significant overall difference in structure between Hp 1-1 and Hp 2-1
or 2-2, although not much difference was found between Hp 2-1 and 2-2. Such
structural diversity may explain, in part, the clinical outcome by which Hp phenotype
is associated with differential susceptibility to infections, atherosclerosis, and
autoimmune disorders [3, 29]. These effects are correlated with a phenotype-
dependent modulation of oxidative stress and prostaglandin synthesis. In general,
patients with Hp 2-2 are more susceptible in developing the severity of the diseases
mentioned above. For example, Hp 2-2 and 2-1 are associated with an increased risk
for the development of nephropathy in paticnts with diabetes mellitus. Nakhoul et al
(2001, Diabetologia) have postulated that the differences in the molecular shape and
size between the Hp 1-1 and 2-2 are involved. Melamed-Frank et al (Blood, 2001)

further demonstrate that the antioxidant effect of Hp 1-1 is superior to Hp 2-1 and 2-2
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in hemoglobin-induced LDL oxidation by a mechanism of higher biniding affinity
between Hp 1-1 to hemoglobin. The present study provides an additional evidence
that the epitopes of Hp 1-1 were even more accessible for the antibody recognition
than the other phenotypes. Nevertheless, identification and understanding of the
biochemical basis for the differences among Hp phenotypes may lead to a rational
design in intervening new pharmacological agents, such as mini-Hp, which have been
recently proposed [30 and Tolosano 2002, Blood].

Finally, our data indicate that the immunoreactivity of each type of Hp was
diverse and heterogeneous depending on the epitope specificity of the molecular
orientation of Hp. Thus, it is somewhat difficult to accurately determine the
concentrations of Hp in human plasma samples using immunoassays. In light of the
recent clinical studies indicating that human plasma concentration of Hp 1-1 is
significantly and differentially higher than polymeric forms of Hp 2-1 and 2-2 using
immunoassays (). Whether or not these were due to the high immunoreactivity of Hp
1-1 remains to be clarified. If this was the case, the phenotype of individual’s plasma
should be first classified prior to the determination of Hp concentration, and used each
respective Hp phenotype as a calibration curve to correct the true values. We are

currently in progress to address this possibility.
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Specific aims:

1.

Develop a new and fast approach for human Hp phenotping (Hp 1-1,
2-2, and 2-1) using monoclonal antibodies, and to test the hypothesis
whether or not Hp phenotypes are correlated to the patients with

coronary artery disease in Taiwan (2003-2005).

Study the Hp mRNA expression in macrophages and SMC in the
presence of oxidized LDL and lipoproteins VLDL, LDL, and HDL
(2003-2004).

Test the hypothesis that Hp may exert an antioxidant role in
macrophages and SMC transfected with sense and antisense Hp
cDNA; to define the antioxidant activity of Hp phenotypes in vitro
(2003-2004).

Investigate the functional role of Hp in the progression of
atherosclerosis using cholesterol-fed rabbits and antiatherogenic

effect (if any) using Hp transgenic mice (2004-2005).
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GENTT CHART (TIME-TABLE) FOR PROPOSED PLAN

Task Force and Experiments

Year 1 (2003)
Half

Year 2 (2004)
"Half

Year 3 (2005)
Half

AIM1:

Determination of human Hp phenotypes:
Monoclonal antibody production
Immunoassay using ELISA for phenotyping
Immunoassay using immunogold for pheno-
typing

Using Protein/Antibody chips for Hp pheno-
typing

Correlation of plasma Hp phenotypes to the

domestic patients with atherosclerosis:
Patients selection

Hypothesis to be tested and statistics

AIM 2:
Macrophage experiment using oxidized LDL

Macrophage experiment using VLDL and
HDL

SMC experiment

AIM 3

Human Hp cDNA cloning and plasmid
construct

Cloning of green fluorescent protein
(GFPemd) as the reporter gene

Cloning of Hpl-1 gene at sense and antisense
orientation

Antioxidant role experiments
Transfection experiment (ex vivo)

AIM 4

Evaluation of atherosclerosis in rabbit model
Transgenic Hp mouse model

Evaluation of atherosclerosis in transgenic
model

Publications

Possible Patent Application

|
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— BHAATZFEHERSGER  EHARTCHEINREHERL
CELELED)

Aim 1: (2003-2005) = A % : 90%

We have successfully established a rapid diagnostic method on Hp
phenotyping without performing such a complicated, traditional starch gel.
Human plasma was mixed with hemoglobin (Hb) first. By such a high
affinity between Hp and Hb, they will form a complex. A native PAGE was
subsequently preformed, and then the gel was immersed in 0.05% H202
solution containing diaminobenzidine which was a chromogenic substrate.
By the pseudo-peroxidase activity from Hb, the pattern of Hp-Hb complex
would be represented. Therefore, the phenotype of Hp will be easily
determined. In addition, polyclonal and monoclonal antibodies against Hp
have also been produced. And two Hp purification methods have also been
established and published in well peer-reviewed journals. As regard to the
relationship between Hp phenotype and coronary artery disease, we are in
collaboration with Cardiology Division of Veterans General Hospital-Taipei.
About 1,200 subjects have been investigated with the statistics analyzed.

The manuscript will be submitted by the end of 2004.

Aim 2: (2003-2004) iz & % : 90%

With respect to study on the Hp mRNA expression in macrophages and SMC
in the presence of oxidized LDL and lipoproteins VL.DL, LDL, and HDL, the
results were under analyzed. Moreover, in previous reports, people
belonging Hp 1-1 expresses Hp allele 1 mRNA only; Hp 2-2 expresses Hp
allele 2 mRNA only and both of Hp allele 1 and allele 2 mRNA would be
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expressed in people belongs Hp 2-1. However, we found all phenotypes
have a truncated Hp allele ] mRNA because a deletion mutation appeared and
resulted in a stop codon. So far, we are confirming whether the truncated

mRNA may translate into a protein fragment.

Aim 3: (2003-2004) & % : 90%

According to our first-year report, we have found either in Cu*- or AAPH
-induced lipid oxidation, Hp exerted a strong in vitro antioxidant activity.
Its potency was markedly superior to probucol: one of the most potent
antioxidants. The IC50 of antioxidant activity in ranking was: Hp 1-1> Hp
2-1> Hp 2-2> probuco!l> vitamin E. Blockage of disulfide linkages between
Hp subunits, not only abolished the a-helical content but also diminished its
ability to form a complex with hemoglobin (Hb). It exerted almost 4 x
greater antioxidant activity than that of native Hp. To investigate antioxidant
role of Hp on the cellular level, the cDNA of Hp 1-1 was cloned, constructed
(containing the pcDNA3.0 vector with CMV promoter) and transfected to
CHO-K1 cells. Following the transfection, these CHO cells were able to
express Hp 1-1 protein and significantly (P<0.001) elevated the tolerance
against the oxidative stress. The elevation was about twice-higher than that
normal CHO cells when challenged with hydrogen peroxide for 24 h. Thus,
Hp plays a provocative antioxidant role as demonstrated in our in vitro and ex
vivo studies. In addition, carboxymethylated Hp exerted a higher
antioxidant activity than native Hp. This result made us suggesting Hp
might possess a antioxidant domain and it might be exposed after such a
chemical modification. The detailed results have been published in 2004
PROTEOMICS. So far, in the following research progress, we found a small

fragment of B subunit also possessed its antioxidant activity. Both synthetic

36



peptides and recombinant protein of truncated Hp will be to explore its

minimal functional domains.

Aim 4: (2004-2005) AR % : 50%

To investigate the functional role of Hp in the progression of atherosclerosis,
cholesterol-fed rabbits and transgenic mice are used to evaluate the
antiatherogenic effect of Hp. The rabbit experiment has been completed,

while the construct for preparing transgenic mice is underway.
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