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ITIH4 Serum Concentration Increases during Acute-Phase
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The serum concentration of the inter-a trypsin in-
hibitor heavy chain 4 protein (ITIH4) increases (from
1.4-3 times) in male patients suffering of different
acute-phase processes (myocardial infarction, unsta-
ble angina or programmed surgery). The concentra-
tion of C-reactive protein (CRP) in these samples
ranged from 15 pg/ml to 133 pg/ml. Using the hepato-
carcinoma HepG2 cell line we have observed up-
regulation of ITIH4 mMRNA expression upon dose-
response treatments with interleukin-6 (IL-6). This
effect correlates with the increase of radiolabeled
ITIH4 in the cellular media of *S-labeled HepG2 cells
treated with the cytokine. A similar effect was ob-
served for haptoglobin mRNA, used as a control for
acute-phase protein expression. IL-18, although up-
regulating the expression of a;-acid glycoprotein in
these cells, did not induce any effect in the expression
of ITIH4. No changes were observed after TNF-« treat-
ments. The results presented here indicate that ITIH4
is a type Il acute-phase protein in humans. o 1999
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In previous studies from our laboratory [1, 2] it was
observed a new plasma protein in pigs under acute
inflammation. This protein was denominated Major
Acute-phase Protein (Pig-MAP) and its concentration
may increase more than 30 times after turpentine in-
jection or under bacterial infection [2, 3]. A new human
protein of 120k relative molecular mass denominated
serum glycoprotein 120 (sgpl120) [4], plasma kalli-
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krein-sensitive glycoprotein (PK-120) [5] or inter-a-
trypsin inhibitor (lal) family heavy chain human re-
lated protein (IHRP) [6], was isolated and cloned. Pig-
MAP and this human protein are homologous and new
members of the lal heavy chain family. Recently, it has
been proposed inter-a-trypsin inhibitor heavy chain 4
(ITIH4) to designate this protein [7].

The lal family in mammals refers to a group of
related plasma protease inhibitors. These proteins are
comprised of various multi-polypeptide molecules
showing different assemblies from a group of four dis-
tinct polypeptides including three related heavy (H)
chains H1, H2 and H3, and a light chain called
bikunin. Two Kunitz-type protease inhibitor domains
are present in the bikunin chain which are bound to
the heavy chains through glycosaminoglycan bridges
[7, 8, 9]. The functions of lal family members are still
unclear, although some of them appear to be involved
in stabilization of extracellular matrix [8, 9] by the prop-
erty of the heavy chains to bind hyaluronan [9, 10, 11].

The ITIH4 gene has been mapped to homologous
locations on human and mouse chromosomes [12, 13,
14]. The hepatic ITIH4 cDNA has been also cloned in
pigs [15] and in the rat [16]. The two thirds from the
N-terminus end of the protein exhibit a high sequence
similarity with the H1, H2 and H3 polypeptides,
whereas the sequence of the C-terminus third of H4
differs from the sequence of the other three polypep-
tides. In this C-terminal region H4 lacks the signal
sequence for bikunin assembling through the glycos-
aminoglycan bridges [5, 6].

Since ITIH4 is a strong acute phase protein (APP) in
pig [1, 2, 3] and in the rat [2, 16, 17] it would be of
relevance to investigate if this protein also behaves as
an APP in humans. Although, no changes in the hu-
man ITIH4 mRNA level were observed in hepatic bi-
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TABLE 1

Concentration of ITIH4 in Male Patients Suffering of Acute-Phase Processes
((1) Unstable Angina, (2) Myocardial Infarction, or (3) Programmed Surgery)

ITIH4 (mg/ml) CRP (ug/ml)
# Age Hospital arrival Acute phase Concentration increase (N° times) Hospital arrival Acute phase
1 64 0.57 0.97 1.7 <3 115
1 58 0.36 0.60 17 <3 34
1 58 0.54 0.79 15 <3 39
2 71 0.43 0.63 15 <3 15
2 71 0.54 1.02 1.9 7 133
2 72 0.48 0.90 1.9 <3 35
2 70 0.30 0.91 3.0 <3 55
3 36 0.31 0.43 1.4 <3 74
3 59 0.34 0.52 1.5 15 85

Note. Acute-phase sera were collected after 48—72 h in patients of groups 1 and 2, or 4 days after surgery in patients of group 3.

opsies from some patients with moderate acute phase
[16], in the present work we demonstrated that: (i) the
serum concentration of ITIH4 increases up to 3-times
in acute phase patients, and (ii) the mRNA of ITIH4
was up-regulated by human interleukin-6 (IL-6) in the
hepatocarcinoma HepG2 cells.

MATERIALS AND METHODS

Cell culture and treatment with cytokines. HepG2 cells, seeded in
40 mm of diameter Petri dishes, were grown to subconfluence in
DMEM suplemented with 10% fetal calf serum, 2 mM L-glutamine,
100 U/ml penicillin and 100 pg/ml streptomycin, under 5% CO, at
37°C. Then, cells (10°/dish) were incubated four different times with
fresh medium, containing 1 puM dexamethasone and different
amounts of recombinant human cytokines (National Institute for
Biological Standards and Control, Hertfordshire, U.K.).

RT-PCR analysis. Total RNA from HepG2 cell cultures was pu-
rified by one step method using Ultraspec-11 RNA isolation system
(Bioteck, Houston, Texas, USA). Specific mMRNA were then analysed
by reverse transcription (RT) coupled to PCR amplification (RT-PCR)
[18]. RT was carried out at 37°C for 1 h using 5 ug of total RNA
samples and Ready to go T-primed first strand kit (Pharmacia Bio-
tech, Barcelona, Spain). PCR was performed using the following
custom synthesised specific primers (Pharmacia Biotech): 5'GT-
GACTGGCCAGTATGAGAG 3’ (5'upstream, covering nt 2434 —-2453)
and 5’CTCTGGTGGCAGAGTGGTC 3’ (3'downstream, covering nt
2836-2854) for amplification of a 421 bp fragment of PK-120 (ITIH4)
cDNA, according to [5]; 5’ GTCATCCATGACAACTTTGG 3’ (5" up-
stream, covering nt 520-539) and 5’CCACCTTCTTGATGTCATC 3’
(3'downstream, covering nt 799-817) for the glyceraldehyde-3-
phosphate deshydrogenase (GAPDH) cDNA fragment (298 bp) [19];
and 5'CCTTCTGTGCTGGCATGTC 3’ (5'upstream, covering nt
1039-1057) and 5'CAGCTATGGTCTTCTGAACC 3’ (3'downstream,
covering nt 1219-1239) for the beta chain haptoglobin cDNA frag-
ment (201 bp) [20]. The reaction mixture (50 wl) contained 10 mM
Tris-HCI, 50 mM KCI, 1.5 mM MgCl,, 0.1% Triton X-100 pH 8.8, 0.2
mM of each dNTP, 0.5 uM of the 5" upstream and 3’ downstream
primers, one unit of Dynazyme Il DNA polymerase (Finnzymes Oy,
Espoo, Finland) and the cDNA corresponding to 40 ng of total RNA
in the case of ITIH4 and 2 ng of RNA for the amplification of
haptoglobin. GAPDH, used as a control, was amplified in the same
cDNA samples. Amplification consisted in 34 cycles (Perkin Elmer
Cetus DNA thermal cycler) of a denaturalisation step at 95°C for 1

min followed by annealing of primers for 1 min at 62°C for the ITIH4,
or 64°C for the haptoglobin cDNA fragment, respectively, and chain
extension at 72°C for 1 min. Finally, after an additional extension
step at 72°C for 10 min, PCR products were analyzed by ethidium
bromide (EtBr)/2% low melting point agarose gel electrophoresis
[21]. In some experiments, these PCR amplified ITIH4 and hapto-
globin cDNAs fragments were extracted from gels by a phenol-
chloroform procedure [21] and sequenced in both strands, with the
specific primers used for PCR amplification.

Antibodies to human ITIH4. A preparation of human ITIH4 [2]
was used as immunogen to raise antibodies in rabbits. Specific an-
tibodies against ITIH4 were isolated by affinity chromatography
using glutaraldehyde-insolubilized pooled human sera as immuno-
adsorbent [2].

®S-labeling of HepG2 cells and ITIH4 immunoprecipitation.
HepG2 cells (10°%/dish) were incubated in a methionine- and cysteine-
free medium containing 30 uCi (1 ml/dish) of PRO-MIX [*S] in vitro
cell labeling mix (Amersham, Madrid), for 24 h with 500 U/ml of
cytokines and 1 uM dexamethasone. The culture media were pre-
cleared by incubating overnight at 4°C with 50 ul/sample of protein
A-Sepharose beads (Sigma, Madrid), and then the supernatants
immunoprecipitated with antibodies to ITIH4 (30 pg/sample) and
protein A-Sepharose beads (50 wl/sample), as previously described
[22]. The precipitates were electroblotted to nitrocellulose mem-
branes at 20 V, for 1 h in a semi-dry transfer cell (Bio-Rad) and then
autoradiographyed in hiperfilm-g-MAX (Amersham). Human serum
was used as a control in ITIH4 immunoprecipitation and the protein
was detected by Western-blot using specific antibodies and second
alkaline phosphatase-conjugated sheep anti rabbit 1gG [2].

ELISA for ITIH4 determinations. The concentration of ITIH4 in
human sera was measured with a sandwich-type ELISA. Two differ-
ent preparations of antibodies were used: (i) high affinity antibodies
(eluted from immunoadsorbent with a glycine pH 2.8 buffer [2]
containing 10% dioxane) as capture antibodies, and (ii) antibodies of
lower affinity (isolated only with the pH 2.8 glycine buffer [2]),
labeled with horseradish peroxidase (HP) [23], to detect the immu-
nocomplexes. Briefly, microtitre polyestirene plates were coated with
100 pl/well of a PBS solution containing 10 ug/ml of high affinity
antibodies. After overnight incubation, wells were incubated with
300 ul of PBS containing 3% (w/v) skimmed milk. After washing, 100
wl of samples (human sera, 1:1000 dilution) were added and the plate
was incubated for 45 min at room temperature. Wells were washed
with 0.05% Tween-20 in PBS and then 100 ul of 2 ug/ml of anti
ITIH4 antibodies HP-labeled (in PBS containing 0.1% skimmed
milk) were added. The plate was incubated for 30 minutes, and after
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FIG.1. Time-course analysis by RT-PCR of ITIH4 mRNA expres-
sion in response to rh IL-6. HepG2 cells were incubated with 500
U/ml rh IL-6 for 0, 6 h, 12 h, 24 h, and 48 h. Two cDNA fragments
corresponding to ITIH4 (421 bp) and GAPDH (298 bp) were amplified
in the same samples.

GAPDH

washing, the peroxidase activity was revealed with K-Blue substrate
(Neogen Corporation, Lexington, KY). The reaction was stopped with
1 M H,SO, and absorbance read at A450 nm.

A pool of different human plasma from healthy individuals was
used as secondary standard. The concentration of the protein in this
standard (0.3 mg/ml) was determined using ITIH4 previously puri-
fied and quantified in the laboratory [2].

Sera taken routinely from patients suffering of acute myocardial
infart, unstable angina or programmed surgery were obtained from
the University Hospital “Lozano Blesa” (Zaragoza, Spain).

Immunochemical determination of haptoglobin, «;-acid glycopro-
tein and C-reactive protein (CRP). Haptoglobin and «;-acid glyco-
protein were quantified in the culture media by rocket immunoelec-
trophoresis using specific antisera (Sigma). CRP was determined by
nephelometry using a BNAII Behring nephelometer, in the condi-
tions suggested by the manufacturers (Behring, Marburg, Germany).

RESULTS

ITIH4 increases in the sera of patients with acute
phase processes. We have determined ITIH4 in sera
from nine male patients suffering of unstable angina,
myocardial damage or programmed surgery, at the
hospital arrival and some days after (Table 1). All of
them shown important increases in the plasma concen-
tration of CRP, indicating acute phase processes. The
concentration of ITIH4 also increases during the same
period. This increase ranged from 1.4 to 3-times the
values at the hospital arrival.

ITIH4 mMRNA expression in HepG2 cells. Using de-
signed primers, a unique cDNA fragment of 421 bp was
amplified by RT-PCR in HepG2 cells (Fig. 1). This
fragment shown a sequence identical to the 3’ terminal
region of PK-120 (ITIH4) cDNA (nt 2434-2854) [5]
(data not shown). Treatment of HepG2 cells with an
optimal doses of rh IL-6 (500 U/ml, see below) induced
a remarkable increase of the ITIH4 mRNA levels
which reached a maximal plateau at 24-48 h (Fig.1).
In the same samples, no significant changes in the
expression of GAPDH mRNA were detected. A clear
dose-response induction in the expresion of the ITIH4
mMRNA was observed when cells were incubated for
24 h with different amounts of rh IL-6 (from 0 to 500
U/ml) (Fig. 2). It is well known that human haptoglobin
is an IL-6 dependent acute phase protein [24, 25, 26].
In samples of the same total RNA preparations, we
observed increase for human haptoglobin mRNA after
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IL-6 treatment, as indicated by the 201 bp amplified
fragment (Fig. 2). The sequence of this fragment cor-
responds to that published for human haptoglobin B
chain cDNA (nt 1039-1239) [20] (data not shown).

IL-18 and TNF-a did not induced increase in the
ITIH4 mRNA levels at any of the doses essayed (Fig. 3,
upper and lower panels, respectively).

Haptoglobin, «;-acid glycoprotein and ITIH4 secre-
tion by HepG2 cells. Figure 4 (A and B panels)
shows the doses dependent concentration of haptoglo-
bin and «;-acid glycoprotein secreted to the medium by
HepG2 cells after 24 h treatments with rh IL-6 or
IL-18. At doses of 500 U/ml of rh IL-6 the concentration
of haptoglobin in the medium greatly increased and
reached values at least 7 times higher than in media
from untreated cells. No increase in that concentration
was observed in response to IL-13 (Fig. 4A). It has been
described that «,-acid glycoprotein expression is
mainly up-regulated in human hepatic cells by IL-1
[27]. We observed that in the cells media the concen-
tration of «,-acid glycoprotein increase more than 4
times under IL-1 induction and around 2 times with
IL-6 at doses of 500 U/ml for both cytokines (Fig. 4B).

Quantification in the medium of ITIH4 was not pos-
sible because the fetal calf serum contains high
amounts of the homologous protein (unpublished re-
sults) which interfer in the conventional immuno-
chemical analysis used. As an alternative, cells were
labeled with *S-aminoacids, the protein in the media
was immunoprecipitated with specific anti-ITIH4 an-
tibodies, and the precipitates analysed by autoradiog-
raphy. Figure 4C shows the effect of rh IL-6 at the
optimal doses of the cytokine. Whereas in the medium
of control cells (lane 1), the protein was barely detect-
able, a strong radioactive band was observed in the
medium of cytokine treated cells (lane 2). This band
shows an electrophoretic mobility identical to that of
the native ITIH4 protein immunoprecipitated from a
human serum sample, runned simultaneously in the
same conditions and revealed by Western blot (Fig. 4C
lane 3).

The results presented here indicated that IL-6
greatly up-regulates the expression of ITIH4 in HepG2

rh IL-6 (U/mi)
0 05 5 50 500

ITIH4 | a—421bp

GAPDH | -— 298bp
Haptoglobin e e [<€—201bp
FIG. 2. Dose-response analysis by RT-PCR of ITIH4 and hapto-

globin mRNA expression in response to rh IL-6. HepG2 cells were
incubated for 24 h with rh IL-6 at 0, 0.5, 5, 50, and 500 U/ml. cDNA
fragments for ITIH4 (421 bp), GAPDH (298 bp), and haptoglobin
(201 bp) were amplified in the same samples.
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rh IL-1p (W/ml)
0 05 5 50 500
ITIH4 | 421bp
GAPDH ~-—298bp
rh TNFa (U/ml)
0 05 5 50 500

FIG. 3. Dose-response analysis by RT-PCR of ITIH4 mRNA ex-
pression in response to rh IL-18 and rh TNF-a. HepG2 cells were
incubated for 24 h with rh IL-18 (upper panel) or rh TNF-a (lower
panel) with 0, 0.5, 5, 50, and 500 U/ml of each cytokine. cDNA
fragments for ITIH4 and GAPDH were amplified as in Fig. 1.

cells, as occurred with haptoglobin. Although IL-1
could regulate some APP genes in HepG2 cells, the
expression of ITIH4 is independent of this cytokine, as
well as of TNF-a.

DISCUSSION

The physiological function for the recently discov-
ered plasma protein ITIH4 is not known. This protein
was initially classified, under the name of sgp120, as a
complement regulatory protein [4]. Because its sensi-
tivity to kallikrein degradation, it was later considered
as a novel kallikrein substrate being named as PK-120
[5]. Recently, endometrial gene expression of ITIH4
was detected during the oestrous cycle and early preg-
nancy in pigs [28]. For this, it has been suggested an
ITIH4 protective role of the uterus from the inflamma-
tory response induced by conceptus attachment to the
uterine epithelium.

It is known that ITIH4 is an important APP in pigs
[1, 2, 3] and rats [2, 16, 17], so it would be relevant to
know if the expression of this protein can be regulated
in humans during the acute phase response. In this
work, we have analyzed the concentration of this pro-
tein in the serum of patients suffering from different
acute phase processes. Increases in the serum levels of
the protein (ranging from 1.4-3 times the initial val-
ues), were observed during the outcome of the disease
indicating that ITIH4 is behaving as an APP in hu-
mans as occurred for CRP (Table 1). Myocardial dam-
age due to anoxia causes cell necrosis, initiating a
systemic inflammatory response, observable about
20 h after, with an increase of several positive APP
[29]. A strong acute phase response is well documented
in patients with unstable angina accompained with
elevated levels of IL-6 [30, 31].
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The increases in ITIH4 concentration after surgery
confirm the role of the protein as APP. The intensity of
the response of the human protein during the acute
phase was lower than that observed in pigs with acute
inflammation induced after small-bowel autotrans-
plantation or turpentine injection, where we have ob-
served increases of the protein up to 30 times the
initial values [2]. However, the increases that human
ITIH4 exhibited are in the same range than those
reported for haptoglobin [25] In a previous study,
Soury et al. [16] did not found increase in mMRNA for
ITIH4 in hepatic biopsies from some patients with only

A)

Haptoglobin (relative increase)
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Cytokine (U/ml)
B)
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8 @
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Cytokine (U/ml)
C)
IP WB
1 2 3

|

FIG. 4. Secretion of proteins by cytokine treated HepG2 cells.
Haptoglobin (A) and «;-acid glycoprotein (B) were quantified by
rocket immunoelectrophoresis in the media from cells incubated 24 h
with rh IL-6 (black) and rh IL-18 (white), at the indicated concen-
trations. Data, average = S.D. from two independent experiments
performed per triplicate, are expressed as relative increase respect to
untreated cells. ITIH4 (C) was immunoprecipitated (IP) in culture
media from *S-labeled HepG2 cells, untreated (lane 1) or treated
with 500 U/ml of rh IL-6 (lane 2), and revealed by autoradiography
after electroblotting. Lane 3 shows a parallel Western blot (WB) of
immunoprecipitated ITIH4 from human serum. The arrow indicates
the Mr of the protein.
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moderated levels of CRP. Likely, the samples were
taken before the induction of the ITIH4 expression
would be significant.

HepG2 hepatocarcinoma cells have been previously
used as an appropiate in vitro cell model for the study
of the induction of APP [27, 32], as well as in the study
of the expression of H1 to H3 members of the lal family
[33]. We have used the HepG2 cell line to study the
expression of ITTH4 mMRNA and the corresponding pro-
tein secretion in response to rh IL-6, rh IL-18 and rh
TNF-a, main regulators of most APP genes [25, 26].
When these cells were treated with different cytokines,
they properly responded to these stimuli. Thus, hapto-
globin mRNA and the protein secreted were up-
regulated in response to rh IL-6 treatments, whereas
the secretion of «;-acid glycoprotein increased mainly
in response to rh IL-13, as previously described [27, 32].

Using RT-PCR amplification, we have observed that
HepG2 cells express a form of ITIH4 mRNA. The se-
quence of the 421 bp cDNA fragment obtained, showed
total identity with the sequence previously reported for
ITIH4 (data not shown) [5, 6]. Dose-response treat-
ment with IL-6 exhibit a high increase in the expres-
sion of ITIH4 mRNA. This increase responded to a real
induction by cytokines since in the same samples the
GAPDH messenger was practically unaffected. The in-
duction of the ITIH4 mMRNA was accompained by an
increase in the secretion of the mature protein in the
cellular media (Fig. 4C). It has been described [16]
that, in human, two forms of mRNA for 1TIH4 could
exist in the liver as result of the alternative splicing of
exons 15 and 16 from a single copy ITIH4 gene. In
HepG2 cells, we have obtained only one amplified
cDNA fragment (421 bp), localized in the 3’ terminal
region which exhibits no significant homology with any
lal heavy chain cDNAs [5, 6]. This region was different
for that amplified by Soury et al. [16].

The proteins of the lal family are differentially reg-
ulated during the acute phase response. The H1, H2
and bikunin chains are down-regulated whereas the
H3 chain is a positive APP in patients with acute
inflammation and in the human hepatocarcinoma Hep
3B line after IL-6 treatment [34]. Increase in H1 and
H3 mRNA expression together with a parallel decrease
in the H2 messenger was also observed after I1L-6 stim-
ulation of HepG2 cells [33]. Our results shown that the
expression of ITIH4 mRNA and the secretion of the
protein greatly increase in response to rh IL-6 in
HepG2 cells. From this and the in vivo results we can
conclude that ITIH4 is a type 1l [35] acute phase pro-
tein produced by cells of hepatic origin.

Further studies using more controlled acute phase
conditions will be performed in humans to gain more
insight into the significance of this protein during the
human acute phase response.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ACKNOWLEDGMENTS

This work is supported by the D.G.Y.C.I.T (Ministerio de Educa-
cion y Cultura, Spain, PM95-0081) and the F.1.S.S. (99/1251). M.P.
holds a fellowship from the Diputacion General de Aragon and
N.G.-R. from the Ministerio de Educacion y Cultura. HepG2 cells
were a kind gift from Dr. José Carlos Rodriguez (Departamento de
Biologia Molecular, Universidad de Cantabria, Spain).

REFERENCES

1. Lampreave, F., Gonzalez-Ramon, N., Martinez-Ayensa, S., Her-
nandez, M. A., Lorenzo, H. K., Garcia-Gil, A., and Pifieiro, A.
(1994) Electrophoresis 15, 672—-676.

2. Gonzalez-Ramoén, N., Alava, M. A., Sarsa, J. A., Pifieiro, M.,
Escartin, A., Garcia-Gil, A., Lampreave, F., and Pifieiro, A.
(1995) FEBS Lett. 371, 227-230.

3. Heegaard, P. M. H., Klausen, J., Nielsen, J. P., Gonzalez-Ramon,
N., Pifieiro, M., Lampreave, F., and Alava, M. A. (1998) Comp.
Biochem. Physiol. 119B, 365-373.

4. Hammer, C. H., Jacobs, R. M., and Frank, M. M. (1989) J. Biol.
Chem. 264, 2283-2291.

5. Nishimura, H., Kakizaki, I., Muta, T., Sasaki, N., Pu, X. P.,
Yamashita, T., and Nagasawa, S. (1995) FEBS Lett. 357, 207—
211.

6. Saguchi, K., Tobe, T., Hashimoto, K., Sano, Y., Nakano, Y.,
Miura, N.-H., and Tomita, M. (1995) J. Biochem. 117, 14-18.

7. Salier, J. P., Rouet, P., Raguenez, G., and Daveau, M. (1996)
Biochem. J. 315, 1-9.

8. Bost, F., Diarra-Mehrphour, M., and Martin, J. P. (1998) Eur.
J. Biochem. 252, 339-346.

9. Chen, L., Mao, S. J. T., Mc Lean, L. R., Powers, R. W., and
Larsen, W. J. (1994) J. Biol. Chem. 269, 28282-28287.

10. Blom, A. M., Mérgelin, M., Oyen, M., Jarvet, J., and Fries, E.
(1999) J. Biol. Chem. 274, 298-304.

11. Huang, L., Yoneda, M., and Kimata, K. (1993) J. Biol. Chem.
268, 26725-26730.

12. Tobe, T., Saguchi, K., Hashimoto, K., Miura, N.-H., Tomita, M.,
Li, F., Wang, Y., Minoshima, S., and Shimizu, N. (1995) Cyto-
genet. Cell. Genet. 71, 296-298.

13. Jean, L., Smih, F., Olivier, E., Soury, E., Simon-Chazottes, D.,
Guenet, J. L., Mattei, M. G., and Salier, J. P. (1997) Genomics
41, 139-140.

14. Diarra-Mehrpour, M., Sarafan, N., Bourguignon, J., Bonnet, F.,
Bost, F., and Martin, J-P. (1998) J. Biol. Chem. 273, 26809—
26819.

15. Hashimoto, K., Tobe, T., Sumiya, J., Sano, Y., Choi-Miura, N. H,
Ozawa, A., Yasue, H., and Tomita, M. (1996) J. Biochem. (Tokyo)
119, 577-584.

16. Soury, E., Olivier, E., Daveau, M., Hiron, M., Claeyssens, S.,
Risler, J. L., and Salier, J. P. (1998) Biochem. Biophys. Res.
Commun. 243, 522-530.

17. Daveau, M. J., Soury, E., Olivier, E., Masson, S., Lyoumi, S.,
Chan, P., Hiron, M., Lebreton, J. P., Husson, A., Jegour, S.,
Vaudry, H., and Salier, J. P. (1998) Arch. Biochem. Biophys. 350,
315-323.

18. Wang, A. M., Doyle, M. V., and Mark, D. F. (1989) Proc. Natl.
Acad. Sci. USA 66, 9717-9721.

19. Escorlani, L., Florence, B., Denaro, M., and Alexander, M. (1988)
J. Biol. Chem. 263, 15335-15341.

20. van der Straten, A., Herzog, A., Cabezon, T., and Bollen, A.
(1984) FEBS Lett. 168, 103-107.

21. Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular

228



Vol. 263, No. 1, 1999

22.

23.

24.

25.

26.

27.

28.

Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York.

Alava, M. A., DeBell, K. E., Conti, A., Hoffman, T., and Bonvini,
E. (1992) Biochem. J. 284, 189-199.

Avrameas, S., Ternynck, T., and Guesdon, J. L. (1978) Scand.
J. Immunol. 8, 7.

Castell, J. V., Gomez-Lechon, M. J., David, M., Andus, T.,
Geiger, T., Trullenque, R., Fabra, R., and Heinrich, P. (1989)
FEBS Lett. 242, 237-239.

Heinrich, P. C., Castell, J. V., and Andus, T. (1990) Biochem. J.
265, 621-636.

Tilg, H., Dinarello, C. A., and Mier, J. W. (1997) Immunol. Today
18, 428-432.

Baumann, H., Richards, C., and Gauldie, J. (1987) J. Immunol.
139, 4122-4128.

Geisert, R. D., Yelich, J. V., Pratt, T., and Pomp, D. (1998) J.
Reprod. Fertil. 114, 35—-43.

29.

30.

31.

32.

33.

34.

35.

229

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Guillén, 1., Blanes, M., Gobmez-Lechon, M. J., and Castell, J. V.
(1995) Am. J. Physiol. 269, R229-R235.

Liuzzo, G., Biasucci, L. M., Gallimore, J. R., Grillo, R. L.,
Rebuzzi, A. G., Pepys, M. B., and Maseri, A. (1994) N. Engl.
J. Med. 331, 417-424.

Biasucci, L. M., Vitelli, A., Liuzzo, G., Altamura, S., Caligiuri, G.,
Monaco, C., Rebuzzi, A. G., Ciliberto, G., and Maseri, A. (1996)
Circulation 94, 874-877.

Mackiewicz, A., Speroff, T., Ganapathi, M. K., and Kushner, I.
(1991) J. Immunol. 146, 3032-3037.

Sarafan, N., Martin, J-P., Bourguignon, J., Borghi, H., Callé, A.,
Sesbole, R., and Diarra-Mehrpour, M. (1995) Eur. J. Biochem.
227, 808-815.

Daveau, M., Rouet, P., Scotte, M., Faye, L., Hiron, M., Lebreton,
J. P., and Salier, J. P. (1993) Biochem. J. 292, 485-492.
Baumann, H., and Gauldie, J. (1994) Immunol. Today 15, 74—
80.



	TABLE 1
	MATERIALS AND METHODS
	FIG.1

	RESULTS
	FIG. 2
	FIG. 3

	DISCUSSION
	FIG. 4

	ACKNOWLEDGMENTS
	REFERENCES

