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Abstract
Protein Fv, an endogenous protein produced in the liver,
is released in biological fluids during viral hepatitis.
Acute and chronic viral hepatitis can be associated with
cardiovascular derangements. Protein Fv induced the
release of histamine, tryptase and the de novo synthesis
of prostaglandin D2 and cysteinyl leukotriene C4 from
mast cells isolated from human heart tissue (HHMC).
Protein Fv absorbed with protein A-Sepharose coated
with polyclonal IgG did not induce histamine secretion.
The maximal percent histamine secretion induced by
protein Fv correlated (rs = 0.60; p ! 0.05) with that
induced by anti-IgE, whereas there was no correlation
between the release caused by proteins Fv and C5a.
Preincubation of HHMC with protein Fv or anti-IgE
caused complete cross-desensitization to subsequent
challenge with heterologous stimulus. HHMC from
which IgE had been dissociated no longer released hista-
mine in response to anti-IgE and protein Fv. A human

monoclonal IgE blocked both anti-IgE- and protein Fv-
induced release. Three human monoclonal IgM VH3+

inhibited protein-Fv-induced secretion of histamine from
HHMC, whereas monoclonal IgM VH6+ did not inhibit the
release induced by protein Fv. Protein Fv acts as an
endogenous immunoglobulin superantigen by interact-
ing with the VH3 domain of IgE to induce the release of
mediators from HHMC.

Copyright © 2003 S. Karger AG, Basel

Introduction

Protein Fv is a 175-kD dimeric sialoprotein produced
in the human liver and released in biological fluids during
viral hepatitis [1], which possesses unique immunoglobu-
lin binding activity in vitro in various mammalian and
non-mammalian species [2]. Protein Fv binds to the vari-
able domain of the H chains of immunoglobulin, irrespec-
tively of the immunoglobulin class, subclass, and light (L)
chain type [3]. A single protein Fv molecule can bind six
F(ab))2 fragments [2], and human IgM, IgG, and IgE dis-
play binding activity [1–3]. Binding to protein Fv is
mediated by the VH region of immunoglobulin [2], and it
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appears that protein Fv interacts with Fab external to the
conventional antigen-binding pocket [1–3]. Although pro-
tein Fv is released in the digestive lumen of many patients
affected by acute and chronic viral hepatitis B ("35%), C
("43%), A and E [1], its pathophysiologic role in viral hep-
atitis is unknown.

Acute and chronic viral hepatitis are associated with a
myriad of hepatic and extrahepatic tissue injuries, but not
all of them are directly related to the cytotoxic effects of
HBV and HCV viruses [4–6]. The effects induced by viral
hepatitis on the cardiovascular system are not widely rec-
ognized [7–10]. However, type II cryoglobulinemia, a sys-
temic vasculitis caused by HCV infection [11, 12], can be
associated with cardiovascular involvement [13]. The
mechanism(s) by which viral infections impinge on these
disorders are still largely obscure.

Mast cells and basophils, the only cells that express
high-affinity receptors (FcÂRI) for IgE and that synthesize
histamine, are widely recognized as effector cells in sever-
al inflammatory disorders [14]. FcÂRI+ cells play a funda-
mental role in the pathophysiology of inflammatory dis-
eases. Indeed, they elaborate and release a myriad of pro-
inflammatory [15, 16] and immunoregulatory molecules
[17, 18], and they express a wide spectrum of surface
receptors for cytokines and chemokines [19, 20]. Mast
cells are found in the human heart [21, 22], around coro-
nary arteries [23], and in the coronary intima [24]. Hu-
man heart mast cells (HHMC) have been implicated in
the pathophysiology of myocarditis [25, 26], coronary
artery diseases [23] and dilated cardiomyopathy [19].
Finally, mast cells, through the release of vasoactive me-
diators, are also involved in systemic vasculitis [27].

We have devised a technique for the dispersion of mast
cells from human heart tissue and identified some of the
immunological and non-immunological stimuli that in-
duce HHMC to release vasoactive and proinflammatory
mediators in vitro [22, 26].

The aim of the present study was to investigate the
mechanism by which protein Fv activates HHMC to
release preformed and de novo synthesized mediators.

Materials and Methods

Reagents
We purchased bovine serum albumin (BSA), human recombi-

nant C5a, piperazine-N,N)-bis (2-ethanesulfonic acid; PIPES), hyal-
uronidase, collagenase type II, chymopapain, prostaglandin D2
(PGD2) and cysteinyl leukotriene C4 (LTC4) from Sigma (St. Louis,
Mo., USA). Hanks’ balanced salt solution and fetal calf serum (FCS)
were from GIBCO (Gaithersburg, Md., USA). Deoxyribonuclease
and pronase were from Calbiochem (La Jolla, Calif., USA). RPMI

1640 with 25 mM HEPES buffer, and Eagle’s minimal essential
medium were from Flow Laboratories (Irvine, UK). Percoll was from
Pharmacia Fine Chemicals (Uppsala, Sweden). [3H]LTC4 (168 Ci/
mmol) and [3H]PGD2 (210 Ci/mmol) were from New England
Nuclear (Boston, Mass., USA). The rabbit anti-IgE was generously
donated by Drs. T. and K. Ishizaka (La Jolla Institute for Allergy and
Immunology, La Jolla, Calif., USA). Dr. E. Kusner (Zeneca Pharma-
ceuticals, Philadelphia, Pa., USA) supplied the rabbit anti-LTC4 and
Dr. L.M. Lichtenstein (Johns Hopkins University, Baltimore, Md.,
USA) rabbit anti-PGD2. The tryptase RIA kit (Pharmacia Tryptase
RIACT 50) was generously donated by Pharmacia (Milan, Italy). The
PIPES buffer used in these experiments was a mixture of 25 mM
PIPES, 110 mM NaCl, 5 mM KCl, pH 7.4 (referred to as P). PCG
contains 2 mM CaCl2 and 1 g/l dextrose in addition to P [26]. P-
EDTA is P buffer containing 4 mM EDTA. PGMD is 0.25 g/l MgCl2
MgCl2 ! 6 H2O, 10 mg/l DNAse, and 1 g/l gelatin in addition to P,
pH 7.4. The phosphate-buffered saline (PBS) contained 0.15 M NaCl
and 0.06 M phosphate, pH 7.2. All other reagents were from Carlo
Erba (Milan, Italy).

Purification of Protein Fv
Stool extracts were obtained from patients (patients FAR, TER,

LAR, and THU) suffering from HCV, as described previously [1].
These extracts contained high levels of protein Fv, which was puri-
fied by size permeation through a set of three 16 ! 900-mm columns
of S300 Sephacryl (Pharmacia), equilibrated with 1.16 mM sodium
deoxycholate in PBS containing sodium azide. Under these condi-
tions, protein Fv elutes in the 175-kD fraction as confirmed by
HPLC with a calibrated Superose 12 column (Pharmacia) [1]. Puri-
fied fractions were extensively dialyzed against PBS to remove sodi-
um deoxycholate and sodium azide, and stored at 4°C under sterile
conditions.

Immunoglobulin Binding Test
Protein Fv preparations were assayed for immunoglobulin bind-

ing activity by a non-immune ELISA-like method [1]. Polyclonal
normal IgG or F(ab))2 fragments (2.5 Ìg/ml) were coated on Nunc
plates. After three washes with 0.1% Tween 20 in PBS, the plates
were saturated with PBS containing 1% BSA and 0.05% Tween 20.
The extracts were left overnight at 4°C to bind the coated immuno-
globulin. Immunoglobulin binding molecules were revealed by their
non-immune binding to 0.5 Ìg/ml of peroxidase-labeled human IgG
after a 1-hour incubation at 37 °C in BSA-Tween PBS. This assay
thus detected only bivalent or multivalent molecules. Results were
considered positive when the OD was above 0.1 U at 492 nm and
more than twofold the OD of a negative control. For each prepara-
tion of protein Fv, the activity giving 0.5 OD at 492 nm was obtained
with the following dilutions: 1:200 (patient TER protein Fv), 1:128
(patient FAR protein Fv) [27].

Absorption Experiments
Nine volumes of sample were incubated twice with 1 volume of

IgG-coated protein A-Sepharose beads under constant mixing at
37°C for 1 h. The supernatant was then checked for loss of protein
Fv activity, extensively dialyzed, and stored at 4°C under sterile con-
ditions. For immunoglobulin removal, 9 volumes of sample were
incubated with 1 volume of anti-F(ab))2 immunosorbent prepared by
CNBr insolubilization of specific antibodies raised in sheep, a species
unreactive with protein Fv [2]. In both cases, unabsorbed samples
had been incubated with uncoated Sepharose 4B.
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Purification of Human Monoclonal IgE and IgM and of Human
Polyclonal IgG
IgE myeloma proteins were purified from the sera of 3 myeloma

patients (PS, PP, and ADZ) by repeated gel filtration on Sephadex
G-200, followed by elution through a Sepharose CL-4B column [27,
28]. Radioimmunoassay (RIA) revealed no IgG, IgM, or IgA contam-
ination. Monoclonal IgM were purified from the sera of patients with
Waldenström’s macroglobulinemia by gel permeation [27, 28]. Vari-
able regions of these monoclonal IgM were determined using a well-
characterized panel of primary sequence-dependent VH- and VK-
family-specific reagents that identify framework regions [27]. Hu-
man polyclonal IgG was purified by precipitation of normal human
serum with 50% saturated ammonium sulfate and ion-exchange
chromatography [29].

Isolation and Partial Purification of Human Heart Mast Cells
The heart tissue used in this study was obtained from patients

(31–61 years old) undergoing heart transplantation mostly for cardio-
myopathy, and from donors without cardiovascular disease who had
died in car accidents. The explanted heart was immediately im-
mersed in cold (4°C) cardioplegic solution and processed within 5–
18 h of removal. Fat tissue, large vessels, and pericardium were
removed. The tissue was finely minced (2- to 5-mm fragments), sus-
pended in PIPES (P) buffer (10 ml/g wet tissue) and washed three
times by centrifugation [22]. After each centrifugation, the heart frag-
ments were filtered through 150-Ìm-pore Nytex cloth (Tetko, Elms-
ford, N.Y., USA). Fragments were incubated (15 min, 37°C) under
constant stirring in P buffer containing 10 mg collagenase/g wet tis-
sue. At the end of the first incubation, the cell suspension was filtered
through 150-Ìm-pore Nytex cloth. The residual tissue was weighed,
and three further cycles of enzymatic digestion were performed,
using a new preparation of collagenase each time. After the last enzy-
matic digestion, the cell suspension was centrifuged (150 g, 22°C,
8 min) and filtered first through 150-Ìm-pore Nytex cloth and then
through 60-Ìm-pore Nytex cloth to remove large particles and large
cells (mostly myocytes). Finally, cells were washed twice in PGMD
(25 mM P, 110 mM NaCl, 1 mM Mg, 1 g/l gelatin, 20 mg/l Dnase, pH
7.37) by centrifugation (150 g, 22 °C, 8 min). At this stage of the
procedure, Alcian-blue-positive cells (mast cells) accounted for
!0.1% of total cells [22, 26]. Cell pellets were resuspended in 250 ml
of P buffer containing 2% BSA and centrifuged (25 g, 22°C, 2 min)
to remove sedimented myocytes. Myocytes (1100 Ìm long) were pel-
leted and discarded. HHMC were partially purified by flotation
through a discontinuous Percoll gradient as detailed elsewhere [22].
The enzymatic dispersion of tissue yields "5 ! 104 mast cells/g heart
tissue. Short-term ("16 h) cultures of HHMC were prepared by resus-
pending 2–5 ! 106 cells/ml in a solution of RPMI 1640 containing
25 mM HEPES, 1% penicillin-streptomycin solution, 2 mM L-gluta-
mine, and 10% FCS at 37°C in humidified 95% air/5% CO2. The
viability of mast cells, evaluated by trypan blue exclusion, was 195%
[22, 26].

Histamine Release
Cells ("3 ! 104 HHMC/tube) were resuspended in PCG, and

0.3 ml of the cell suspension was placed in 12 ! 75 mm polyethylene
tubes and warmed to 37°C; 0.2 ml of each prewarmed releasing stim-
ulus was added, and incubation was continued at 37 °C for 30 min
[22]. At the end of this step, the reaction was stopped by centrifuga-
tion (1,000 g, 22°C, 2 min), and the cell-free supernatants were
stored at –80 °C for subsequent assay of histamine, tryptase, PGD2

and LTC4 contents. Histamine was assayed with an automated fluo-
rometric technique [30]. To calculate histamine release as a percent-
age of total cellular histamine, the ‘spontaneous’ release from mast
cells (3–10% of the total cellular histamine) was subtracted from both
numerator and denominator [28]. The total histamine content in
mast cells was obtained by cell lysis with 8% HClO4 [22]. All values
are based on the means of duplicate or triplicate determinations.
Replicates differed from each other by less than 10% in histamine
content.

RIA of PGD2 and LTC4

100-Ìl fractions taken from the supernatant fluids were stored at
–80°C. The PGD2 and LTC4 assays were carried out within 24 h of
the experiments, to minimize degradation of the compounds, by a
previously described RIA [22]. All determinations were run in dupli-
cate against a standard curve run in duplicate. Duplicates differed
from each other by less than 10%.

RIA of Tryptase
Tryptase was analyzed by a solid phase RIA (Pharmacia Tryptase

RIACT 50); duplicate samples or tryptase standards were added to
plastic tubes coated with mouse anti-tryptase monoclonal antibody.
Then 125I-radiolabeled anti-tryptase was added to the tubes, which
were incubated for 18 h at 22°C. After washing (three times, 2 ml of
saline, 22°C), bound radioactivity was counted and gave a linear
concentration-response curve within a range of 2–50 Ìg/l [22].

Lactate Dehydrogenase Assay
To test whether protein Fv exerts cytotoxic effects on HHMC,

lactate dehydrogenase (LDH) was determined in HHMC superna-
tants. The cell-free supernatants were collected, and the concentra-
tions of LDH were measured [22].

Statistical Analysis
Results are means B SEM. Student’s t test with Bonferroni’s cor-

rection was used for multiple comparisons between groups [31].
When the data were subjected to linear correlation analysis, correla-
tions were calculated using the Spearman rank coefficient (rs) [32].
The level of statistical significance was p ! 0.05.

Results

Effects of Protein Fv on Histamine Release from
Human HHMC
We first evaluated the effects of increasing concentra-

tions of protein Fv obtained from 4 patients suffering
from HCV on histamine release from HHMC. Low con-
centrations of protein Fv from patients FAR, TER, and
LAR (0.3–30 ng/ml) concentration-dependently released
a significant percent of histamine from HHMC isolated
from 6 donors (fig. 1). Protein Fv from patient THU also
induced a significant percent release of histamine, but the
release was consistently lower with respect to the other
protein Fv preparations. Protein Fv did not cause LDH
release in the supernatants of HHMC after incubation for
30 min at 37°C (data not shown).
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Fig. 1. Effect of increasing concentrations of protein Fv from donors
FAR, TER, LAR, and THU on histamine release from HHMC
obtained from 6 donors. Cells were challenged with protein Fv for
30 min at 37°C. Each point is the mean B SEM. Error bars are not
shown when graphically too small.

Fig. 2. Effects of increasing concentrations of proteins Fv and anti-
IgE on histamine release from HHMC from 7 donors. Protein Fv
from donors FAR and TER was adsorbed or non-adsorbed with pro-
tein A-Sepharose coated with polyclonal IgG. Cells were challenged
with protein Fv or anti-IgE for 30 min at 37°C. Values are expressed
as means B SEM. Error bars are not shown when graphically too
small.

Effects of Protein Fv and Anti-IgE on Histamine
Release from HHMC
We next compared the histamine-releasing activity of

increasing concentrations of protein Fv (0.3–30 ng/ml)
from patients FAR and TER and anti-IgE (102 to 3 !
103 ng/ml) on histamine release from HHMC. Protein Fv
(0.3–30 ng/ml) from both patients concentration-depen-
dently released histamine from HHMC obtained from 7
donors. The concentration-response curves induced by
the two preparations of protein Fv paralleled that induced
by anti-IgE. However, protein Fv was approximately 100
times more potent than anti-IgE (fig. 2). The same prepa-
rations of protein Fv (FAR and TER) absorbed with pro-
tein A-Sepharose coated with human polyclonal IgG,
which were negative for immunoglobulin binding, did not
induce histamine release. Consequently, protein Fv was
responsible for the mediator secretion from HHMC, pre-
sumably by binding to immunoglobulin.

In 13 experiments, we challenged HHMC with protein
Fv (0.3–30 ng/ml), anti-IgE (0.1–3 Ìg/ml), or C5a (10–7 to
10–6 M), and found a significant correlation between the
maximum percent histamine release induced by protein
Fv and that induced by anti- IgE (rs = 0.60; p ! 0.05). This
suggests that protein Fv might induce histamine release
from HHMC by interacting with IgE. In contrast, there
was no correlation between the release caused by protein
Fv and C5a (rs = 0.14; NS).

Correlation between Histamine and Tryptase Release
from HHMC Induced by Protein Fv
HHMC secretory granules contain tryptase as well as

histamine [22]. We investigated whether histamine re-
lease was correlated to the secretion of tryptase induced
by protein Fv and found a significant correlation between
the maximum histamine and tryptase release (rs = 0.82;
p ! 0.01). These findings indicate that protein Fv releases
tryptase in parallel with histamine from HHMC.

Effect of Protein Fv on PGD2 and LTC4 Synthesis
from HHMC
HHMC challenged with anti-IgE synthesize de novo

PGD2 and LTC4 [22, 26], two proinflammatory media-
tors with vasoactive and biological properties [33–36].
Protein Fv acted as complete secretagogue because it
caused also the de novo synthesis of both PGD2 and LTC4

by HHMC. There was a significant correlation between
the percent histamine secretion and the release of PGD2

(rs = 0.76; p ! 0.01) and LTC4 (rs = 0.75; p ! 0.01) from
HHMC activated by protein Fv (fig. 3).

Cross-Desensitization between Protein Fv and
Anti-IgE
We further examined the relationship between anti-

IgE and protein Fv using cross-desensitization between
these two stimuli. Anti-IgE activates mast cells to release
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Fig. 3. Correlations between the maximum percent of histamine
secretion and PGD2 and LTC4 release induced by protein Fv from
HHMC. Each point is the mean of duplicate determinations from
separate experiments.
Fig. 4. Effect of desensitization to one stimulus on the response to a
second stimulus. Cells were desensitized to anti-IgE (1 Ìg/ml) or to
protein Fv (10 ng/ml) by preincubation with the stimuli or buffer
alone in Ca2+-free PIPES buffer containing 4 mM EDTA (P-EDTA)
for 30 min at 37°C. Cells were then washed twice at 4 °C, resus-
pended in PCG, and challenged with anti-IgE (1 Ìg/ml) or protein Fv
(10 ng/ml) for 30 min at 37 °C. Each bar shows the mean of duplicate
determinations of a typical experiment. Similar results were obtained
in two other experiments.

histamine by binding to the FcÂ portion of the IgE mole-
cule on the cell membrane [37]. HHMC were treated with
anti-IgE (1 Ìg/ml) or protein Fv (10 ng/ml) in P-EDTA for
30 min at 37°C. At the end of incubation, cells were
washed and suspended in PCG. Cells preincubated with P
buffer and then challenged with anti-IgE released hista-
mine, whereas cells preincubated with anti-IgE released
less than 5% histamine. Cells desensitized to protein Fv
released "90% less histamine than control cells. In the
reverse experiment, cells were preincubated with protein
Fv or anti-IgE in P-EDTA before challenge with protein
Fv. As expected, when protein-Fv-pretreated cells were
challenged with protein Fv they had lost their ability to
release the homologous stimulus (fig. 4). HHMC desensi-
tized with anti-IgE or protein Fv continued to respond to
C5a, which activates a specific receptor on the mast cell
[22]. Similar results were obtained in two other experi-
ments. Thus, it appears that the releasing property of pro-
tein Fv is mediated principally by interaction with IgE
present on the mast cell surface.

Effect of IgE Stripping on Protein-Fv-Induced
Histamine Release from HHMC
A second line of evidence that protein Fv induces his-

tamine release by binding to IgE comes from the finding
that protein Fv does not induce histamine release from
HHMC stripped of IgE from FcÂRI by brief exposure to
low pH [22]. Lactic-acid-induced dissociation of IgE from
mast cells completely eliminated both anti-IgE and pro-
tein-Fv-induced release from HHMC (fig. 5). In contrast,
this treatment did not affect the response to a monoclonal
antibody cross-linking the ·-chain of FcÂRI (anti-FcÂRI·)
[38].

Interaction between Protein Fv or Anti-IgE with
Different IgE Myeloma Proteins
It has been shown that protein Fv binds specifically to

the VH domain of immunoglobulin [3, 27, 39], and that
six sites on protein Fv bind immunoglobulin, making this
natural protein similar to the divalent anti-IgE antibodies.
To evaluate the mechanism of activation of HHMC by

3

4
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Fig. 5. Effect of lactic acid treatment on histamine release from
HHMC induced by protein Fv, anti-IgE and anti-FcÂRI·. HHMC
were either untreated (buffer) or treated with lactic acid (0.01 M, pH
3.9, 5 min, 22°C) and washed twice. Cells were then challenged with
protein Fv (10 ng/ml), anti-IgE (1 Ìg/ml) or anti-FcÂRI· (1 Ìg/ml) for
30 min at 37°C. Each bar shows the mean B SEM of triplicate deter-
minations. * p ! 0.01 vs. cells preincubated with buffer.

Fig. 6. Effect of preincubation of protein Fv with human monoclonal
IgE or human polyclonal IgG on histamine release from HHMC. Pro-
tein Fv (10 ng/ml) or anti-IgE (1 Ìg/ml) were preincubated for 15 min
at 37°C with PP (1 Ìg/ml) or ADZ (1 Ìg/ml) human polyclonal IgE,
or human polyclonal IgG (10 Ìg/ml). HHMC were then added, and
incubation continued for another 30 min at 37°C. Each bar shows
the mean of duplicate determinations of a typical experiment. Simi-
lar results were obtained in two other experiments.

protein Fv, protein Fv or anti-IgE were preincubated with
two IgE myelomas that possess different L chains (patient
PP IgE Ï, and patient ADZ IgE Î), or with human poly-
clonal IgG [28, 40]. In three experiments, one of which is
illustrated in figure 6, we found that IgE from patient
ADZ (IgE Î) and human polyclonal IgG markedly re-
duced the releasing activity of protein Fv. In contrast, PP
IgE Ï did not affect the histamine-releasing activity of
protein Fv. In similar experiments, IgE from patients PP
and ADZ blocked the releasing activity of anti-IgE,
whereas polyclonal IgG had no inhibitory effect (data not
shown).

The interactions between human immunoglobulin and
protein Fv were also analyzed by preincubating two
monoclonal IgG1 Î preparations from the sera of two
myeloma patients (patients ZEG and CHE). ZEG IgG1 Î,
which binds protein Fv [1], inhibited the releasing activity
of protein Fv, whereas CHE IgG1 Î did not. Figure 7
shows the results of one of three experiments demonstrat-
ing that preincubation with ZEG IgG1 Î inhibited the
releasing activity of protein Fv, whereas CHE IgG1 Î had
no effect. Neither monoclonal IgG modified the hista-
mine-releasing activity of anti-IgE.

Since the two monoclonal IgG possess the same L
chain type (Î), these results support the hypothesis that

protein Fv binds to variable regions of the VH domain and
not to the L chain. This explains why some individual IgG
and IgE do not react with protein Fv and do not inhibit
their releasing activity.

Protein Fv Induces Mediator Release from HHMC by
Interaction with the VH3 Domain of Immunoglobulins
We further examined the structural basis of the inter-

action between human immunoglobulins and protein Fv.
The specificity of binding site(s) of protein with human
immunoglobulins is encoded by the germline sequences of
many of the commonly expressed VH3 genes [39, 41]. To
assess the mechanism by which protein Fv activates
HHMC, the protein was preincubated with monoclonal
IgM of different VH families [28]. In three experiments,
preincubation of HHMC with three preparations of
monoclonal IgM (M3, M11, and LAN), which possess a
VH3 domain, concentration-dependently inhibited the
histamine-releasing activity of protein Fv (fig. 8). In con-
trast, a monoclonal IgM (M14), which has a VH6 domain,
had no such effect. These results suggest that binding to
the VH3 domain inhibits the binding of protein Fv to IgE
bound to FcÂRI on HHMC.
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Fig. 7. Effect of preincubation of protein Fv and anti-IgE with mono-
clonal ZEG IgG1 Î or CHE IgG1 Î on histamine release from HHMC.
Protein Fv (10 ng/ml) or anti-IgE (1 Ìg/ml) were preincubated for
15 min at 37°C with human monoclonal ZEG IgG1 Î (10 Ìg/ml) or
CHE IgG1 Î (10 Ìg/ml). HHMC were then added, and incubation
continued for another 30 min at 37°C. Each bar shows the mean B
SEM of triplicate determinations. * p ! 0.01 vs. control activated by
protein Fv.

Fig. 8. Effect of preincubation of protein Fv with VH3+ or VH6+

monoclonal IgM on histamine release from HHMC. Protein Fv
(10 ng/ml) was preincubated for 10 min at 37 °C with increasing con-
centrations (0.1–10 Ìg/ml) of VH3+ (M3, M11, and LAN) or VH6+

(M14) human monoclonal IgM. HHMC were then added, and incu-
bation was continued for another 30 min at 37°C. Each bar shows
the mean B SEM of triplicate determinations.

Discussion

Here we show that protein Fv, an endogenous sialopro-
tein present in normal liver and released in biologic fluids
during viral hepatitis [1, 2], is a potent inducer of media-
tor release from HHMC. The releasing activity of protein
Fv appears to be mediated by interaction with the VH3
region of IgE present on human mast cells. This represents
the first evidence that a human protein induced by viral
infections can act as an endogenous immunoglobulin
superantigen, i.e. it causes the release of several vasoac-
tive and immunoregulatory mediators from HHMC.

We excluded the possibility that the releasing activity
of purified protein Fv preparations could be due to con-
tamination by natural anti-Id, anti-L chain, or anti-Â anti-
bodies reacting with IgE, rather than to protein Fv itself.
In fact, the releasing activity was totally abolished when
protein Fv was removed with insoluble immunoglobulin,
and it remained unchanged after immunoglobulin ab-
sorption with an immunosorbent anti-F(ab))2. The activa-
tion of human inflammatory cells that possess FcÂRI
appears to be mediated by interaction of protein Fv with
membrane-bound IgE. This hypothesis is supported by
the observations that: (1) protein Fv binds with high affin-
ity all immunoglobulin isotypes [3, 39]; (2) the maximal
mediator release induced by anti-IgE is significantly cor-

related with that induced by protein Fv; (3) preincubation
of HHMC with either protein Fv or anti-IgE resulted in
complete cross-desensitization, and (4) HHMC from
which IgE had been dissociated by brief exposure to lactic
acid did not release histamine in response to protein Fv
and anti-IgE. These findings reinforce the concept that
protein Fv, which has six distinct functional Fab binding
sites [41], can be bound by about 50% of human F(ab))2

fragments [39]. Therefore, protein Fv functions as an
endogenous immunoglobulin superantigen and repro-
duces the releasing activity of specific antigens and of
anti-IgE on human FcÂRI+ cells [28, 37].

The results of this study provide clues as to the mecha-
nism of interaction between protein Fv and IgE bound on
the mast cell membrane. An IgE myeloma (patient PP)
did not block the release of histamine induced by protein
Fv from mast cells, but it did suppress the release induced
by anti-IgE. In contrast, IgE myeloma from patient ADZ
and human polyclonal IgG inhibited the releasing activity
of protein Fv.

Consequently, given these results, it is clear that the his-
tamine-releasing activity of protein Fv depends on the bin-
ding to an immunoglobulin structure not located in the
CHÂ domains but in the VH region, a fragment common to
all immunoglobulin classes and subclasses [39]. Since pro-
tein Fv does not bind free or combined L chains and binds
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free H chains [3], the latter must be the VH domain of IgE, as
has been demonstrated in studies with immunoglobulin
fragments [3]. In fact, three VH3+ monoclonal IgM prevent-
ed the release of histamine induced by protein Fv from
HHMC, whereas an IgM with a VH6 domain had no effect.
Structural variations between VH families explain why one
of our two monoclonal IgE and one of our two monoclonal
IgG failed to bind this sialoprotein, and why the VH6+

monoclonal IgM did not inhibit the releasing effect exerted
by protein Fv, unlike the three VH3+ monoclonal IgM,
which exerted a concentration-dependent inhibition.

Our results provide the first evidence that an endoge-
nous superantigen, protein Fv, released during viral infec-
tions, can induce the in vitro synthesis and secretion of
several important mediators from HHMC. The activity of
protein Fv is extremely potent, which raises the possibility
that it exerts some effects in vivo. Protein Fv, found in
normal liver [1], occurs as a free molecule in the gut lumen
of patients with hepatitis A, B, C and E [41] and in monkeys
experimentally infected with HCV and E viral hepatitis
[42]. Although there are no data about the serum concentra-
tions of protein Fv in different pathophysiological condi-
tions, it is not inconceivable that this protein synthesized by
the liver in patients with acute and chronic infection with
HCV, HAV, and HBV contributes, through the release of
mediators from FcÂRI+, to some of the cardiovascular man-
ifestations observed in some of these patients [7–10].

We have previously shown that bacterial [43, 44] and
viral [45] immunoglobulin superantigens can activate hu-
man basophils and mast cells in vitro. These observations
raise the possibility that protein Fv is contaminated by
HCV or bacterial peptides. However, this hypothesis is
unlikely for several reasons. First, protein Fv can be de-
tected also in normal subjects and in uninfected animals
[46]. Second, the protein has been isolated in biological
samples of patients with hepatitis due to virus A, B and E
[47] and not only in HCV patients. Concerning the bacte-
rial origin, protein Fv contains a carbohydrate chain [48]
and sialoglycoproteins cannot be synthesized by bacteria.

Protein Fv is a complete secretagogue, i.e. it is capable
of releasing preformed mediators (histamine and tryp-
tase) and of inducing the de novo synthesis of LTC4 and
PGD2 from HHMC. Given the biological importance of
mast-cell-derived mediators such as histamine [14, 49],
tryptase [50], PGD2 [33, 36] and cysteinyl leukotrienes
[34, 35] in heart pathophysiology, our findings might
explain the association between hepatitis viruses and car-
diovascular damage in some patients with these infec-
tions. Therefore, protein Fv activation of mast cells repre-
sents a new model for a pathogenetic link between viral

hepatitis infections and FcÂRI+ cell activation. More gen-
erally, the mechanism of FcÂRI+ cell activation by protein
Fv represents a new pathogenetic cascade involving viral
infection, endogenous immunoglobulin superantigen pro-
duction, activation of human FcÂRI+ cells and tissue inju-
ry. This raises the possibility that additional endogenous
immunoglobulin superantigens induced by viruses can
cause tissue injury through this mechanism that involves
human FcÂRI+ cell activation.

Acute and chronic urticaria can be associated with
HAV, HBV and HCV infection [51–54]. In addition,
basophil activation occurs in patients with type II cryo-
globulinemia [55] that have concomitant HCV infection
[11–13]. There is also evidence that serum IgE levels are
increased in patients with viral hepatitis [56–58]. We
have previously shown that protein Fv activates human
basophils to release proinflammatory mediators [59].

Hepatitis C virus has been associated with many extra
hepatic manifestations [4–6], including myocarditis and
cardiomyopathy [60, 61]. Histologic and functional obser-
vations have led to the hypothesis that mast cells play an
important role in many fibrotic reactions [62–64]. Poten-
tial mast cell-derived mediators of the fibrotic response
include histamine, tryptase and TGF-ß1, which stimulate
fibroblast proliferation and collagen synthesis [65–67]. By
producing these factors, chronic activation of HHMC by
protein Fv may induce the heart fibrosis found in some
patients with HCV infection [60, 61].

Taken together, these findings emphasize the possibili-
ty that protein Fv is a relevant molecule in vivo during
certain viral infections.

Our data demonstrate that an endogenous protein pro-
duced in the liver can activate HHMC by acting as an
immunoglobulin superantigen through interaction with
VH3+ IgE. The mechanism of HHMC activation by im-
munoglobulin-binding endogenous superantigens could
represent a model to explain a pathogenetic link between
viral infections, IgE-mediated activation of HHMC and
cardiovascular diseases.
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