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Summary. - The protective properties of monoclonal antibody (MoAb) C179 directed to the stem region
of haemagglutinin (HA) H2 that possessed fusion-inhibition and unique broad cross-neutralizing activitics
were examined in a mouse model. The MoAb efficiently protected mice against a lethal challenge with pneu-
movirulent human (H1) and avian (H2) strains of influenza A virus. Survival rates in mice that received
mtraperitonealy (1.p.) 1000 pg of the MoAb per mouse a day before the virus challenge were 90% for H1 and
100% for H2 strain. The dose of the MoAb of 100 pg per mouse significantly decreased mortality in mice,
Moreover, the MoAb was also efficient in treatment of lethal bronhopneumonia caused by H2 influenza virus.
The survival rate in mice that received 1000 pg of the MoAb per mouse 2 days after the virus challenge was
90%, while that in the control group was 30% only. These results indicate that the MoAb was effective in
protection of animals against lethal influenza A infection without significant difference between H1 and H2
subtypes. The MoAb exerted significant effect in treatment of mice infected with H2 influenza virus, Thus,
these data allow to suggest that the stem region of HA might be a potential target for prevention of influenza
virus infection and antiviral therapy.
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The envelope glycoprotein HA of influenza viruses per-
forms at least two functions which are essential for the
initiation of infection (Wiley and Skehel, 1987). The first
function is the attachment of the virus to specific cellular
receptors. The globular region of HA which contains
a receptor-binding site takes part at this stage. The second
function is the penetration of the viral genome into cyto-
plasm through fusion of the viral envelope with cellular
membranes (Huang et al., 1981; Klenk and Rott, 1988).
The stem region of HA containing a fusion peptide is re-
sponsible for this stage of viral reproduction. HA 1s also
the major protein capable of inducing neutralizing anti-
bodies (Murphy and Webster, 1990). Anti-HA antibodies
predominantly prevent the attachment of the virus to cel-
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lular receptors and possess haemagglutination-inhibition
and neutralizing activities mainly within a specific sub-
type of HA. However, the antibodies may sometimes exert
a virus-neutralizing effect in the absence of anti-haemag-
glutination activity (Yoden et «l., 1982; Kida et al., 1982).
These antibodies neutralize the infectivity at a post-attach-
ment stage, e.g. the fusion of viral and cellular membranes
(Kida et al., 1983).

Okuno et al. (1993) produced and characterized a MoAb
directed against the HA of H2 subtype. This MoAD desig-
nated C179 didn’t possess haemagglutination-inhibition
activity while it showed unique cross-neutralizing effect
among HI1, H2 (Okuno et al., 1993, 1994;) and HS
influenza A virus subtypes, and also recognized the imma-
ture form of the H6 subtype (unpublished data), It was shown
that MoAb C179 recognized a conformational antigenic
epitope in the middle of the stem region and mhibited the
fusion activity of HA (Okuno et «l., 1993},
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ity of the MoAb to protect mice against the lethal infection
with USSR/77-MA or Dk/NJ/78-MA variant. The statisti-
cal evaluation of the results presented in Fig. 1 by sign test,
an unparametrical statistical test (Korn and Korn, 1978),
revealed that the difference in the survival rates between
the groups of mice treated with the MoAb (1000 or 100 pg)
and the control group was significant at 0.01 level.

The therapeutical effect of the MoAb on the infection of

mice caused by DK/NJ/78-MA variant is shown in Fig. 2.
Thirty mice randomly divided into three groups of 10 ani-
mals were injected with 1000 or 100 pg of the MoAb or with
(.9% NaCl (control) two days after the virus challenge. A dose
of 1000 pg of the MoAb per mouse exerted a significant ef-
fect (the survival rate was 90%). The survival rate of 70%
was for the dose of 100 ng of the MoAb per mouse, while
that for the control was 30%. These results indicate that the
MoAb was effective not only in the prevention of influenza
virus infection in mice, but in the treatment of lethal pneu-
monia too. The difference in the survival rates between the
group of mice that received 1000 pg of the MoAb and the
control group was significant at 0,05 level.

The mechanism underlying the action of MoAb C179 is
known in general (Okuno et al., 1993, 1994). This MoAb
recognizes a conformational antigenic epitope in the mid-
dle of the stem region of HA consisting of two parts: amino
acids 318 — 322 of HA1 subunit and 47 — 58 of HA2 sub-
unit. This epitope is conserved among all of H1 and H2
strains of influenza A virus. It has been shown that the proc-
ess of membrane fusion requires several steps, such as con-
formational changes in HA at low pH and insertion of the
fusion peptide into the target membrane (Skehel ef al., 1982,
Stegmann et al., 1991). MoAb C179 inhibits the fusion ac-
tivity of HA most likely by affecting one of these steps (Oku-
no et al., 1993). In vivo, MoAb C179 doesn’t prevent the
initiation of infection, however, it inhibits the spread of in-
fection in mouse lungs (Okuno er af., 1994). These data
were confirmed indirectly in the present study by the find-
ing of haemorrhagic lesions in the lungs. The lesions in the
lungs of mice that received 1000 pg of MoAb C179 were
localized in small areas only at the sites adjacent to the bron-
chi. In the control group, those were spread all over the lungs
(data not shown).

In our previous study, we have described the differences
between the USSR/77-MA and Dk/NJ/78-MA variants in
the capacity of MoAb C179 to neutralize them in cell cul-
ture and in the precipitability of their HA (Lipatov et al.,
1996). MoAb C179 precipitated predominantly the imma-
ture form of HA of the avian MA variant and neutralized
the infectivity of this variant less efficiently then that of the
human variant. We have supposed that differences in the
glycosylation of LA T subunit among the used viruses (Gitel-
man ¢f al., 1986; Shilov ef al., 1991, Lipatov ef al., 1995)
may influence the recognition of a conformational antigenic

epitope by MoAb C179. In the present study, no significant
differences in the protective properties of MoAb C179
against the human (H1) and avian (H2) strains were ob-
served. A dissociation between reactions of MoAb C179
with USSR/77-MA and Dk/NJ/78-MA variants in vitro and
protective properties of the MoAb against the same vari-
ants in mice enables to suppose that a component of im-
mune system of the host organism (probably complement-
or natural killer cells-dependent mechanisms) is involved
in the MoAb-mediated virus clearence.

Recently, Sagawa e al. (1996) have observed that
a deletion mutant of influenza virus HA, defective in the
globular region expression in cell culture, had a potential
to induce cross-protection against influenza virus infection
in mice. This effect could be caused by antibodies similar to
MoAb C179. The stem region of HA is responsible for the
induction of these antibodies. The results of present studies
together with data of Okuno et al. (1994) which describe
the protection and treatment of mice by MoAb C179 against
lethal challenge with A/FM/1/47 (HIN1) influenza virus
indicate that an antibody against the stem region of HA with
tusion-inhibition activity is effective in protection and treat-
ment of influenza virus infection caused by H1 or H2 sub-
types. It is possible to suggest that the stem region of HA
containing a conserved antigenic epitope might be
a potential target for prevention and treatment of influenza
virus infection.
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