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which was equal to the homologous VLP titre. We also
found that GII/1 HV antiserum cross-reacted strongly (i.e.
equal to the homologous VLP titre) against GII/6 7k VLPs
(titre 204 800) and moderately strongly (i.e. twofold lower
than the homologous VLP titre) against GII/6 445 VLPs
(titre 102 400) (Fig. 3b and Table 2). We observed several
antisera that cross-reacted moderately against different
genotypes (i.e. fourfold lower than the homologous VLP
titres). For example, GI/11 #8 antiserum cross-reacted
moderately with GI/4, GI/8, GII/1, GlI/2, GII/3, GIl/4,
GIl/5, GII/7, GII/10, GII/12 and GII/17 VLPs (Fig. 3a
and Table 2). GII/l HV antiserum also cross-reacted
moderately with several different genotypes, including
GII/1 (strain 485), GII/3, GII/10 and GII/12 (Fig. 3b and
Table 2). GII/1 485 antiserum cross-reacted moderately
only with GII/1 HV VLPs; GII/6 7k antiserum cross-reacted
moderately with GI/11 VLPs; GII/10 026 antiserum cross-
reacted moderately with several different genotypes,
including GII/1, GII/S, GII/7 and GII/12; and GII/12 CHV
antiserum cross-reacted moderately with GII/1 and GII/10
VLPs (Table 2).

Genotype-specific reactivities

We observed weak cross-reactivities among different geno-
types (i.e. greater than eightfold dilutions). We found that
GI/1, GI/2, GI/3, GI/4 and GI/8 antisera cross-reacted
weakly with other genotypes (Table 2). We also observed
similar weak cross-reactivities with GII/1 (strain 485), GII/2,
GII/3 (all five strains), GI1/4, GI1/5, GI1/6 (strain 445), GI1/7,
GII/8 (both strains), GII/14 and GII/17 antisera. For several
GII genotypes, only one type of antiserum was produced,
but for five GII genotypes, we produced two or more
different antisera against VLPs belonging to the same
genotype (Table 2). Some interesting results were observed.
For example, the antigenicities of HV and 485 were
considerably different, despite the fact that both strains
belong to GII/1 and share approximately 94 % amino acid
identity. As shown in Fig. 3(b), HV antiserum cross-reacted
strongly with GII/6 VLPs, but 485 antiserum showed little
cross-reactivity with these GII/6 VLPs (Table 2). This
unusual cross-reactivity pattern was also observed with
other antisera. For example, for GII/6, we found that 7k
antiserum cross-reacted moderately with GI/11 #8 VLPs,
whereas 445 antiserum cross-reacted weakly (i.e. 32-fold
lower than the homologous VLP titre; Table 2). More
uniquely, we found that GII/3 1152 antiserum, which was
genotype-specific, had unusual antigenicity. We found that

Fig. 3. Antibody ELISAs for NoV VLPs. Wells were coated
with 100 pl purified VLPs. After washing, hyperimmune rabbit
antiserumn raised against the VLPs was used to detect antigens.
Antisera were diluted twofold in PBS-T-SM from a starting dilution
as indicated {dilutions x 1072). The arrows indicate the endpoint.
(a) GI/11 #8 antiserum cross-reacts strongly with GIi/6 7k
and 445 VLPs. (b) Gll/1 HV antiserum cross-reacts strongly with
Gll/6 7k and moderately strongly with 445 VLPs. (c) GH/3 809
antiserum cross-reacts weakly with GIl/3 1152 VLPs,
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three different GII/3 antisera (strains 809, Sh5 and 18-3)
cross-reacted weakly with 1152 VLPs (i.e. eightfold lower
than the homologous VLP titre; Table 2 and Fig. 3c). This
unusual cross-reactivity result was not evident with the
other genotypes in which we produced two different antisera
(i.e. GII/1, GII/6, GII/8 and GII/12; see Table 2).

Amino acid alignment and secondary siructure
prediction

An alignment of 25 VP1 amino acid sequences used in this
study (Mc24 complete capsid was unavailable) revealed that

the N-terminal region (aa 1-49), shell domain (aa 50-225)
and P1-1 domain (aa 226-278) had more conserved short
continuous residues than the P2 domain (aa 279-405), P1-2
domain (aa 406-520) and C-terminal region (Fig. 4). These
continuous residues may be the reason for the cross-
reactivity among different genotypes, in particular, the
strong cross-reactivity of #8 antiserum against GII/6 VLPs
(Fig. 3a). However, this does not explain why GII/3 1152
VLPs cross-reacted weakly with GII/3 809, Sh5 and 18-3
antisera (i.e. eightfold lower than the homologous VLP titre)
and moderately against GII/3 336 antiserum (i.e. fourfold
lower than the homologous VLP titre). An amino acid
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336 444 QLPSSCGRENGILDCLYPQEWVQHFYQESAPAQTQVALVRYVRPDTGRVLFEAKLHKMGEMT . AKNGDSPIT. PPNGYFREESHVHOEYT. APMGTGK - 548
1152 434 QLPSSGGRSNGILDCLYPQEWVQHFYQE SAPAQTQVALVRYVNPDTGRVLFEAKLHKLGEMT .S PIT . PPNGYFRFESHVMPEYT . APMGTGN - 548
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7k 435 FRSIVPSAGGYGSGYIDCL IPQEWVQHFEYQEAAPSQSAVA . VRYVNPOTGR  TFEAKLHREGFLT . ANCGNNPTVVPPNGYFREEAWGNQF ¥TLAPMGSGOGRRRAQ - 550
445 443 FRETVPSACCYGSCYIDCLIPOQEWGOHEYQEAAPSQSAVA VRYVNPOTGR . IFEAKLHREGFLT . ANSGNNPIVVPPNGYFREEAWVNOFYTLAPMGSGQGRRRA - - 549
10°25 444 MNRVIWT.LSHKSGFSTSTRKLPQ.NLAW.LIRFINPOTGRVLFEARLHKQGFTTVAHTGONPIVMPPNGYFREEAWVNQEYSL PUCTGK R, VQ_ "o - - - © - 541
25 433 FMPGASGH . DGAIDCLLPQEWY  HEYQEAATAQTDVAL IRFVNPDTGRVLFEGKLHKQGFIT . SNSGOHPIVMPANGYFREEAWVNQFEYS . APVGTGSGRRRIQ - 537
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cHy 431 HIPLKGG.ADP.IDCLLPQEWIGH. YOESAPSQSOVALIRFTNPDTGRVL FEAKLHRSGYITVANTGSRPIV . PANGYFREDTHVNGEYS. APMGTGNGRRRYVQ B 535
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Hiro 437 HIPLKGG.ADP . IDCLLPQEWTQN . YQE SAPSQSDVAL IRFTNPDTGRVLFEAKLHRSGY ITVANTGSRPIV . PANGYFRFOSHVNQFYS  APMGTGNGRRRVQ.- - -~~~ - - 535
Alphz3 444 QSSMPVWDDGHGESTPKKIHCLLPQEFIGHFFOKQAPSLGDAALLRYVNQETNRVLFECK. YRD.YITVAASSGLLD FPLDGFFRFDSWVSSEYILSPVGSGQGRRGRVRFQ 556

Fig. 4. Amino acid alignment of VP1 sequences of the NoV sequences examined in this study. The following regions are
indicated above the sequences (in order): N-terminal region (line): sheli domain (filled box), P1-1 domain (open box); P2 domain

(XXX); P1-2 domain (open box) and C-terminal region (line)

(Chen et al., 2004). Asterisks indicate conserved amino acids.
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Table 3. Summary of cross-reactivities among VLPs

Each letter represents one strain. For example, GII/1 antiserum cross-reacted with two GII/6 strains
(A and B), where A, strongly (i.e. identical to the homologous VLP titre), B, moderately strongly
(ie. twofold lower than the homologous VLP titre), and C, moderately (ie. fourfold lower than the
homologous VLP titre). For simplicity, we have excluded the homologous reactivities.

VLPs

Genogroup GI

GI1

Genotype 4 8 11 1 2

4 5 6 7 10 12 17

C CCCC € € AAC C C C

Antiserum GI 11 (strain #8) Cc C C
GII 1 (strain HV) CcC
6 (strain 7k) C
10 (strain 026) CC
12 (strain CHV) CC

AB Cc CC

alignment of these five GII/3 VP1 sequences showed no
unusual insertions, deletions or recombination sites; in fact,
the shell domain was highly conserved among the GII/3
sequences (data not shown). However, the 1152 VPl
sequence had three unique amino acid residues (Thr-285,
Ile-372 and Ser-508) when compared with the other four
GI1/3 VP1 sequences. The first two residues were located in
the outermost region of the P2 domain, whilst the third
residue was located within the P1 domain (data not shown).
We used the pSIPRED secondary structure prediction soft-
ware (McGuffin et al., 2000) to compare the five GII/3 VP1
structures. We found that the predicted VP! structures for
809, Sh5, 18-3 and 336 had a helix between residues 219 and
237, whereas this helix structure was absent for 1152 (Fig 5).
These data suggested that the helix structure may play an
important role in influencing the cross-reactivity among the
GII/3 VLPs and antisera.

DISCUSSION

In this study, we analysed NoV capsid-based grouping and
cross-reactivity among 26 different VLPs belonging to six GI
and 12 GII genotypes. Using an antibody ELISA, we found
that the antisera reacted strongly against the homologous
VLPs with titres ranging from 102400 to 1638400. As
summarized in Table 3, we also observed strong, moderately
strong and moderate cross-reactivities among different geno-
types (i.e. equal to the homologous VLP titre and to twofold
and fourfold dilutions, respectively). For example, GI/11
antiserum had a broad range of cross-reactivities, detecting

two GI genotypes (GI/4 and GI/8) and 10 GII genotypes (Gll/
1-7, GII/10, G11/12 and GII/17); GII/1 antiserum (strain HVY)
had a broad range of cross-reactivities, detecting four GlI
genotypes (GII/3, GII/6, GII/10 and GII/12); GII/10 antisera
also had a broad range of cross-reactivities, detecting four GlI
genotypes (GII/1, GII/S, GII/7 and GII/12); GII/6 antiserum
detected GI/11 VLPs; and GII/12 antiserum (strain CHV)
detected GII/1 and GII/10 VLPs.

Although antigen ELISAs are generally broadly reactive
(Jiang et al., 2000), this is the first report of a GI (strain #8)
polyclonal antiserum cross-reacting strongly with other
GII genotypes and the first report of a GII (strain HV)
polyclonal antiserum cross-reacting strongly with other
GII genotypes (Jiang er al, 2002; Kamata et al, 2005;
Kitamoto et al., 2002). These broad-range cross-reactivities
may be due to unfolded VLPs on the microtitre plates at
the high pH used (carbonate/bicarbonate buffer, pH 9-6)
(White et al.,, 1997). However, we have not found such
broad-range cross-reactivities in any of our other studies
(Kamata et al, 2005). Conserved continuous residues in
the shell and/or P1-1 domains may be the reason for these
cross-reactivities against different genotypes (Fig. 4 and
Table 2). However, we found that several antisera were
genotype-specific, indicating that VLPs have unique epitopes.

Interestingly, we found that four types of GII/3 antisera
(strains 809, Sh5, 18-3 and 336) cross-reacted moderately to
weakly against GII/3 1152 VLPs (i.e. up to eightfold lower
than the homologous VLP titre; Table 2). Amino acid
alignments of these five GII/3 sequences revealed that 1152

Fig. 5. Schematic representations of the complete predicted secondary structures of VP1 of NoV (GIl/3) strains 1152, 18-3,
336, 809 and Sh5. The level of confidence of prediction (Conf) is shown on the first line, where a tall box represents a high
confidence of prediction and a short box represents a low confidence of prediction. The predicted secondary structure (Pred)
is shown on the second line, where a helix is represented by a cylinder, a f-strand by an arrow and a coil by a line. The third
line also shows the predicted secondary structure (Pred), where H represents a helix, E a f-strand and C a coil. The amino
acid sequence (AA) is shown on the bottom line. The boxed regions in 18-3, 336, 809 and Shb VP1 indicate a helix structure
that is absent in 1152 VP1. The amino acid residues that are unique to the 1152 sequence when compared with the other

four GII/3 sequences are indicated by arrows.
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had three unique amino acid residues compared with the
other four GII/3 sequences (Thr-285, Ile-372 and Ser-508),
two of which were located within the P2 domain (Thr-285
and Ile-372). Amino acid secondary structure predictions
made using the PSIPRED secondary structural prediction
software revealed that the VP1 secondary structures for 809,
Sh5, 18-3 and 336 had a helix structure between residues 219
and 237; this helix structure was absent for 1152 (Fig. 5).
This helix structure may, in part, influence the cross-
reactivity among the GII/3 VLPs (i.e. without the helix
structure); GII/3 1152 VLPs cross-reacted weakly with the
other four GII/3 antisera. This suggestion may also explain
NoV virulence in which some strains appear to infect a
certain population over an extended period of time
(Dingle, 2004; Noel et al,, 1999). In a recent report, single
amino acid changes were suggested to represent a pos-
sible way for the virus to evade the host immunity (Dingle,
2004). In addition, one report suggested that a change in
VP1 secondary structure (i.e. the disappearance of a helix
structure) was responsible for a chronic NoV infection in
an immunocompromised patient for over 2 years (Nilsson
et al, 2003).

Almost half of our constructs (strains SeV, 645, CV, HV, Ina,
809, Sh5, 18-3, 1152, 104, 754, CHV and Alph23) did not
include the ORF3 sequence, which encodes a minor capsid
protein (VP2) thought to increase the stability of NoV VLPs
and may function in RNA genome packaging (Bertolotti-
Ciarlet et al, 2003). For rabbit haemorrhagic disease virus,
VP2 is essential for the production of infectious virus
(Sosnovtsev & Green, 2000). Nevertheless, we found that all
constructs with or without ORF3 sequences expressed VLPs
that were morphologically similar to native NoV (Fig. 2).
Further studies are needed to determine whether VP2 has
some influence on antigenicity.

In conclusion, this cross-reactivity study represents the
most extensive undertaken for any genera in the family
Caliciviridae. Since human NoV strains cannot be propa-
gated in cell culture systems and human serological studies
have found that VLPs and native virions share similar
antigenic properties, VLPs have been used to understand
antigenic relationships in more detail. Further studies, such
as high-resolution structural analysis of other NoV geno-
types and antigenic mapping, are needed in order to explain
the complex NoV antigenicity, as previously suggested
(Chen et al., 2004). Finally, the results and reagents from this
study can be used to design detection systems capable of
detecting a broad-range of genotypes in clinical specimens;
in particular, GI/11 antisera may be capable of detecting at
least 32 % (12/37) of the recently described NoV genotypes
(Kageyama et al., 2004).
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Abstract: Monoclonal antibodies (M Abs) are important for in-depth antigenic characterization and diag-
nosis of infections with human caliciviruses that cause almost all outbreaks of nonbacterial gastroenteritis.
We compared different routes of immunization with nonreplicating virus-like particles (VLPs) from
recombinant Norwalk virus (rNV) and recombinant Mexico virus (rMX) administered to BALB/c mice to
determine the efficiency of hybridoma production. Oral immunization with VLPs without adjuvant
resulted in high yields of MAb-secreting hybridomas (90%) to these VLPs of IgG (61%), IgM (29%) and
IgA (10%) isotypes. Fusions with mesenteric lymph node lymphocytes yielded MAbs of various subclass-
es including IgG2a, IgG3, IgM and IgA. These results suggest that an immunization route that mimics the
natural route of viral infection pathway may facilitate MAb technology by increasing the yields of antibody

secreting hybridoma cells.

Key words: Monoclonal antibodies, Oral immunization, Virus-like particles (VL Ps), Norovirus

Caliciviruses that infect humans include Norwalk
virus (NV), Mexico virus (MX) and other noroviruses
(NoVs) that are the most common cause of viral gas-
troenteritis in young children and adults worldwide (4,
22, 28). Although a murine norovirus that is cultivat-
able has recently been identified (29), the human viruses
cannot be cultivated in cell culture and no animal
model is available (7). In spite of these difficulties. the
genome organization and biological and biochemical
properties of these viruses have been characterized
using virus from stool samples obtained from volunteer
studies (7, 8, 16).

Cloning of the NV genome led to the complete
sequence that showed that NV contains a single-strand-
ed RNA genome of positive polarity: the virus capsid
shell is composed of 180 molecules of a single major
protein (VP1) with an apparent molecular weight of
58,000 daltons (38K) and a few molecules of a second

protein called VP2 (5, 13, 15, 16, 23). Baculovirus
expression of the NV capsid gene, produced empty.
recombinant Norwalk virus-like particles lacking the
viral genome (tINV VLPs) (15). Because the VLPs arc
structurally and antigenically similar to the native N\’
particles, hyperimmune antisera produced in animals to
these VLPs were expected to be a milestone for the
diagnosis of NV and NV-related gastroenteritis.
Enzyme-linked immunosorbent assays (ELISA) to
detect antigen in stool samples or serologic responses of
patients have been developed (6, 8). However, while
these assays are sensitive and easy to perform, the anti-
sera to NV VLPs exhibit a restricted reactivity and any
specific polyclonal antiserum only detects a subset of
closely related noroviruses (17).

MAbs are useful tools for the detection and charac-
terization of viral proteins. However, the yields of
hybridomas obtained following standard fusion proto-
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cols are not predictable. Procedures, such as the routes
of immunization for the mouse (12, 20), the types of
fusion partner (23) and the culture conditions such as
media supplements (26) continue to be modified to
improve the efficiency of hybridoma production.

Previously, we developed MAbs (11) that react with
recombinant Norwalk virus (fNV) (15) and recombi-
nant Mexico virus (rfMX) (14) particles by using the
common intraperitoneal immunization route. Although
the resulting MAbs were useful to characterize the
native virus, they only recognized closely-related Nor-
walk like virus (NLV) strains (11), and the yields of
MAbs were low. NV is naturally spread by the fecal-
oral route and sera from adults cross-react by ELISA
with many NoV's in the Caliciviridae family (27), and
NV VLPs have been shown to induce mucosal and
systemic antibody responses when delivered orally to
mice or volunteers without adjuvant (2, 3, 9). This
paper repoits evaluation of the effect of oral immuniza-
tion on the yield of MAb-producing cells and isotypes
and subclasses of MAbs produced.

Materials and Methods

Virus-like particles (VLPs). V1Ps of INV and rMX
were produced by using the baculovirus expression sys-
tem as described previously (14, 15).

[mmunization of BALB/c mice with VLPs. Six week
old BALB/c female mice were immunized using proto-
cols that received institutional approval and followed
two experimental designs.

Experiment I: Recombinant NV or tMX VLPs [10
wg in sterile phosphate buffered saline (PBS), pH 7.2],
were used 10 immunize two or three mice, four times at
weekly intervals by either a) intraperitoneal injection
(ip) or subcutaneous injection (sc¢) with Freund's com-
plete adjuvant for the first injection and without adju-
vant for the subsequent injections, or b) by oral admin-
istration without adjuvant. After the fourth immuniza-
tion, mice immunized by either route were boosted by
an intravenous (iv) injection of the same dose of VLPs
without adjuvant into the tail vein 3 or < days before cell
fusion. The mice were kept on a normal feeding sched-
ule and diet. The yields of hybridoma cells were com-
pared among mice based on the different routes of
immunization.

Experiment [I: Two groups of mice, each containing
two mice, were immunized orally. Group 1 mice were
administered 5 ug of INV in sterilized PBS, pH 7.2,
orally without adjuvant daily for 4 consecutive days. A
boost of 5 ug of INV VLPs was administered into the
tail vein on the fifth day and the fusion was performed 3
days later. Group 2 mice were immunized orally with

the same dose of tfNV without adjuvant on days I, 3, 4
and 6 followed by the same booster intravenous injec-
tion on day 7. Fusions were performed 3 days later. In
order to enhance the uptake of INV VLPs in PBS, the
mice in these two groups were kept without water
overnight prior to the oral inoculations early the next
morning. After immunization, water was supplied nor-
mally.

Myeloma cells and fusion. Myeloma cells P3
(P3N63Ag8U.1) and PAl (kindly provided by Dr
Kotani, Tokyo Metropolitan Institute of Medical Sci-
ence, Tokyo) were used for fusion. P3 or PAI myeloma
cells were cultured in Dulbecco’s Modified Eagles’
Medium (DMEM) in the presence of 15% fetal call
serum (FCS). In experiment I, splenocytes(l 2X10"
cells'/ml) were fused with P3 or PAI cells at a ratio of
2:1 as described previously (11).  After cloning in
medium supplemented with hypoxanthine-aminopterin-
thymidine, the cells were cultured with DMEM con-
taining 15% FCS. Culture supernatants were screened
by ELISA using plates coated with VLPs as described
below.

In experiment II, mesenteric lymph nodes lympho-
cyles were harvested and the cells from two mice in
each group were pooled prior to fusion with PAI myelo-
ma cells. Pooled splenocytes from two mice were also
fused with the PAl myeloma cells. The number of
splenocytes was adjusted to be the same as that of the
mesenteric lymphocytes because the number of lym-
phocytes in the mesenteric lymph nodes was less than
that from the spleen. All experimental parameters from
cell fusion to MAD screening assay were kept constant
between experiments 1 and I1.

Enzyme-linked immunosorbent assay (ELISA) for
screening MAbs. ELISA test was performed following
the protocol previously described (11) with slight modi-
fications. Briefly, 96-well plates (Sumitomo Bakelite
Co., Ltd.) were coated with 100 ng per well of INV or
™MX VLPs in 50 wl of 0.01 M PBS, pH 7.2, for 4 hr at
room temperature. Following a 2-hr reaction with cach
test hybridoma supernatant at 37 C and further washing
with PBS containing 0.03% Tween 20 (PBS-T), horse-
radish-peroxidase labeled anti-mouse IgG, IgM and
TgA (Cappell Laboratories, Westchester, Pa., U.S.A))
were reacted separately for each clone for 2 hr at 37 C.
After a final wash with PBS-T, 0.1 M ABTS [2,2 azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid in 0.1 M, pH
4.0 citrate-phosphase buffer)] was added as the sub-
strate in the presence of H,O,. After a 20-min reaction,
the optical density (OD) at 405 nm and 630 nm werc
measured with a Microplate Reader (Bio-Rad., Her-
cules, Calif., U.S.A)).

Cross-reactive assay by ELISA  with MAbs and
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genogroup I and genogroup 11 VLPs. In order to con-
firm cross-reactivity of the MAbs, ELISA assays were
perlormed as previously described (11). Briefly, both
genogroup I and genogroup II VLPs including NV,
Seto 124 (r124), Chiba 407 (xCV) and Funabashi 258
(r258) for genogroup I, Snow Mountain agent (rSMA),
Glimsby (rGV), tMX, Kashiwa 47 (147), Narita 104
(r104), Chitta 76 (176) and Ueno 7K (r7K) for
genogroup Il and rSapovirus were coated using the
same procedures as above. rCV, r124, 12358, 47, 1104,
176 and 17K were kindly supplied by Dr. Natori and Dr.
Takeda, NIID, Tokyo. Cross-reactivity by ELISA was
determined to occur if the optical density (OD) ratio
between the test sample and negative control (PBS) was
more than 20.

Evaluation of hybridoma production.  All super-
natants in the hybridoma colonies were harvested and
assayed by ELISA. The percentage of hybridomas
secreting VIPs-specific antibody per total hybridomas
were evaluated. The calculations were performed sepa-
rately by the fusion partner in experiment [ or by the site
of harvesting of lymphocytes used for the fusion in
experiment II. The results, presented as percentages,
were compared between groups, immunization route,
with the Z-test of proportions. A P-value of <0.05 was
considered statistically significant.

Results

Yields of MAb-Producing Hvbridomas and Immuno-
globulin Subclasses of AMAbs

More than 90% of hybridoma cells from the orally
immunized mice in experiment [ produced MAbs
(Table 1). In contrast, only 13 to 45% of the cells from
mice immunized by the ip or sc routes produced MAbs.
Production rates were similar using either the P3 or the
PAT mycloma cells for fusion. The immunoglobulin
classes of the MAbs obtained from mice immunized

orally were IgG, 1gM and IgA with 61%, 29% and
10%, respectively (Table 2). In contrast, the MAbs
obtained from mice given ip immunization were 1gG.
IgM and IgA with 85%, 12% and 3%, respectively.
Following the rapid oral immunization protocol (experi-
ment II), yields of MAb-hybridomas were greater using
the mesenteric lymph node Iymphocytes than spleno-
cytes (Table 3). For example, 80% of hybridomas
came from mesenteric lymph node lymphocytes, but
20% of hybridomas were from splenocytes, in the
group | mice harvested 5 days post oral immunization.

In the group 2 mice, the rate of MAb-producing
hybridomas was 72% from mesenteric lymph nodec
lymphocytes and 28% from splenocytes. The numbers
of mesenteric lymph node lymphocytes that produced
MADbs were not increased significantly; however, the
yield of MAb-secreting hybridomas from the splenic
lymphocytes was increased 3-fold when the Iympho-
cyles were harvested later after the last oral immuniza-
tion.

The immunoglobulin classes from experiment II arc
shown in Table 3. Hybridomas from the mesenteric
lymph node lymphocytes of group 1 mice in experi-
ment II mainly (75%) produced IgM although somc
(25%) produced IgA. Hybridomas from splenocytes
produced IgM and IgA equally. Hybridomas from
mesenteric lymph node lymphocytes from the group 2
mice produced [gM (61%), IgA (22%), 1gG2a (6%) and
[gG3 (11%), but hybridomas from splenocytes pro-
duced [gM (14%), IgA (14%) and 1gG1 (71%).

Cross-Reactivity of the Hybridomas Differs Depending
on Route of Immunization

Cross-reactivities of the MAbs with a variety of
VLPs were tested by using VLPs-coated ELISAs as
described previously (11). A single dose of INV VI.Ps
used for oral immunization produced broadly cross-
reactive MAbs not only against genogroup I but also

Table 1. Yields of hybridomas producing MAbs to NV and rMX following intraperitoneal (ip), subcuta-

neous (s¢) or oral immunization (oral)

Immunization route  Virus immunogen  Myeloma MAb-producing cells/Fusion cells (%)"
p NV P3 317158 (20)

1p Or s¢ NV PAI 33774 (45), 37/296 (13)?

ip rMX PAI 957 (16), 427296 (14), 37/210 (18)"
oral NV P3 1857200 (93)

oral NV PAI 179192 (93)

ip or sc: intraperitoneal or subcutaneous immunization followed by a tail vein booster.
oral: oral administration followed by a tail vein booster.

“Results from two individual mice used for fusion.
“Results from three individual mice used for fusion.

?MAbs-producing cells from all ip (17%) and all oral (92%) immunization routes were significantly

different (P<<0.0001).
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Table 2. Immunoglobulin classes of MAbs produced by oral or
intraperitoneal (ip) immunization

- No. of MAb- Isotype of MAb produced
Route of . . . . o
. . secreung (% of hybridomas)
mmumzation” . N
hybridomas
1gG IeM IgA
oral 157 96 (61) 45 (29) 16 (10)
ip 121 103 (85) 14 (12) 4(3)

“ Comparisons of hybridomas obtained from oral versus ip
routes of immunization for all significant (P<0.001 for IgG;
P<0.001 for IeM, P<0.023 for IgA).

genogroup 11 VLPs (Table 4). In contrast the production
of MAbs which reacted broadly were lower following ip
immunization with one or mixed (rNV and rMX) doses
of VLPs compared to oral immunization.

No MAbs clones were obtained to react with recom-
binant Sapovirus.

Discussion

The development of MAb technology (19) has con-
tributed enormously to the field of virology and infec-
tious diseases for biochemical investigations of viral
protein functions and for new methods of diagnosis
such as ELISAs. Such diagnostic procedures are sim-
ple, have high specificity, can assay many clinical sam-
ples at one time and are more economical than poly-
merase chain reaction (PCR) which is used predomi-
nantly today for detection of noroviruses because
broadly reactive MAbs to detect these viruses remain
to be produced. To isolate and characterize new MAbs,
many technical modifications such as fusion proce-

Table 3. Immunoglobulin isotype and subclasses of MAbs
obtained {rom fusions between PAI cells and mesenteric lymph
node lymphocytes or splenocytes alter oral immunization

Ig isotype and subclasses {rom hybridomas from
fusions with lymphocytes from:

Mesenteric fymph nodes (%) Spleen (%)
Numbers of hybridomas (n)  Numbers of hybndomas (1)
Group 1 1gG (0) IeG (O)
IgM (75) n=8 IgM (30) n=2
IgA (25) IgA (50)
Group 2 IgG2a (6) [eG1(71)
[gG3 (1) n=18 IeM (1) n="7
IeM (61) IeA (14
IeA (22)

Lymphocytes {rom group | and group 2 were collected 5 and
7 days after oral immunization, respectively, with the same total
20 pg doses of VLPs. Cell fusions were performed 3 days later
since 5 ug VL.Ps were boosted via a tail vein.

dures, fusion partners and medium supplements can be
improved to obtain highly efficient yields of MAbs (25,
26).

Immunization routes are one of the important factors
for efficient establishment of hybridomas that secrete
specific antibodies (12, 20). The most common routes
for immunizing mice for fusion are ip, sc¢, intramuscu-
larly (im) and food-pad inoculations. Previously, using
the common ip route, we primed BALB/c mice with
VLPs and obtained MAbs, which were sufficient to
characterize the INV by Western blotting and immuno-
precipitation (11). These MADbs reacted with a subset of
epitopes of native NV or NV, but they only reacted
with viruses closely related to the NV immunogen (10,

Table 4. Cross-reactivity of MAbs producted by different routes following immunization with rNV and/or rMX

Gl GII
route | VLPs ﬁlZ;i\sIAbS NV 124 fCV o 1258 [rSMA fGM fMX 7 1104 176 TK | SV
oral [NV 5
oral |rNV 3
oral |INV 2
ip NV 8
ip NV 1
ip NV 23
ip NV <
ip NV X rMX 3
ip NV X rMX 2
p NV XrMX 6
ip r™MX 2

OD ratio of wells containing: samples / PBS>20.

NV and’or ;MX were administered to BALB/c mouse orally (oral) or by intraperitoneal injection (ip). MAbs were tested
with VLPs-coated ELISAs described in the text. MADbs were also characterized by Western-blotting (18).
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11). We suspected that other cross-reactive epitope(s)
exist among most or all human viruses in the Caliciviri-
dae family because low titers of broadly reactive anti-
bodies are detectable in convalescent sera from humans
27).

Human caliciviruses cause acule gastroenteritis,
which is most frequently transmitted orally by contami-
nated drinking water or food such as fruits, salads, and
shellfish including raw oysters. Ball et al. (1998)
showed that oral immunization of mice with INV in the
absence of an adjuvant induces serum 1gG as well as
intestinal IgA antibodies. Those experiments concluded
that 1) the IgG response was dose-related, ii) cholera
toxin (CT) used as a mucosal adjuvant influenced the
magnitude of the responses, iii) intestinal IgA responses
were dose-related and enhanced by imumunization with
CT, and 1v) the kinetics of serum IgG responses were
related to the day post oral administration.

To try and broaden the repertoire of MAbs to NV, we
tested whether use of the oral route of immunization
would change the frequency or type of hybridoma
obtained. The immunogens used in the present paper
were 10 ug per dose for 5 doses (50 pug/mouse) in
experiment [, and 5 ug per dose for 5 doses (25
ug'mouse) in experiment II. These oral antigen doses
were in the low range of the doses shown previously to
induce serum and mucosal antibody responses in mice
(2). However, oral immunization with these low doses
resulted in a high efficiency (90%) of MAb-secreting
hybridomas in the current experiments. Thus, low oral
doses of TNV VLPs prime lymphocytes effectively.
Although the hybridomas produced 1gG as well as IgA
and Igh MAbs, oral immunization produced I[gA-
secreting hybridomas significantly more frequently than
did ip immunization. The choice of the P3 and PAI
cells as the fusion partner did not significantly affect
these results.

To further examine the immune response, we also
compared hybridoma production using splenocytes and
mesenteric lymph node lymphocytes for fusion. From
these experiments, hybridomas secreting MAbs showed
a coincidence with the time course in which lympho-
cytes migrated from the mesenteric lymph nodes to the
spleen. Thus, the immunoglobulin isotypes from these
hybridomas from mesenteric lymph node [ymphocytes
was mainly IgM, while hybridomas from splenocytes
secreted variable immunoglobulin isotypes including
IgM, 1gG1 and IgA.

These results confirm that low doses of orally admin-
istered VL.Ps prime mucosal lymphocytes and these
primed cells must move from the mesenteric lymph
nodes to the spleen. The mechanisms regulating the
shift and’or predominance of production of a specific

immunoglobulin isotypes and subclass were not investi-
gated in this study. However, the levels of cytokines
such as IFN-y, TGF-$, IL-2, IL-+ and IL-8 produced by
lymphocytes that can participate in mucosal immunc
responses were not significantly changed when tested
by PCR with specific primers (data not shown).

The MAbs produced by ip immunization had little
cross-reactivity with other types of VLPs obtained from
the baculovirus expression system. However, many of
the MAbs obtained from mice immunized orally with
one strain of VLPs cross-reacted with other strains of
VLPs representing both genogroup I NV, r124, rCV
and 1258), and genogroup II (ISMA, rGV, IMX, 47,
r104, r76 and r7K) Norwalk-like viruses (18), and some
of these MAbs have been used to formulate an ELISA
that is useful to detect noroviruses in outbreak settings
2.

Oral immunization of mice with gastroenteritis virus-
es may be an efficient and useful approach to obtain
MAbs because it mimics the natural infection pathway,
which could induce antibodies recognizing a broad
range of viral epitopes. Live attenuated oral vaccines
have been used to induce IgA antibody (21). Our use of
oral immunization also resulted in a high rate of 1gA-
secreting hybridomas. 1gA MAbs were produced from
fusions with Peyer’s patch cells (1). Our results show
that the mesenteric lymph node lymphocytes that play
an important role in local immunity are another source
of sensitized lymphocytes for fusions before they
migrate to the spleen. While splenocytes are generally
used for fusions, use of lymphocytes from the local
immune tissue might enhance the frequency or speci-
ficity of hybridomas that can be obtained to a variety of
immunogens.
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