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Effect of Cobalamin on the Allergic Response in Mice
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Cyanocobalamin, deoxyadenosylcobalamin and
methylcobalamin were separately administered to mice
sensitized with the ovalbumin antigen to investigate the
allergic response. The serum IgE and pulmonary hista-
mine concentrations were significantly lower in all
cobalamin (Cbl)-administered groups. The production
of interleukin (IL)-2 and IL-4 in splenocytes was also
lower in all Cbl-administered groups. These results
show that Cbls were effective in mitigating allergic reac-
tions and IL-2 production. CD3+CD28+ (CD28 is an
accessory molecule related to IL-2 production) and CD4
+CD28* in splenocytes were higher in all the Cbl-
administered groups. However, CD3+CD28-, CD4~
CD28- and CD5+CD25- (CD25: IL-2 Ro/p55) were
lower in the Cbl-administered groups. In addition, Cbl
specifically inhibited the cellular phosphorylation of
tyrosine induced by ovalbumin sensitization. These
results indicate that the signal in a cell by CD 28 was
restrained by Cbl. We infer that Cbl administration
significantly reduced the IL-2 concentration, and secon-
darily the IL-4, IgE and histamine concentrations.
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Four kinds of cobalamin (Cbl) analogues,
cyanocobalamin (CN-Cbl), hydroxycobalamin (OH-
Cbl), deoxyadenosylcobalamin (AdoCbl) and
methylcobalamin (MeCbl), are corrently known. The
main forms of in vivo Cbl in humans are considered
to be AdoCbl and MeCbl. AdoCbl acts as a coen-
zyme of methylmalonyl CoA mutase [EC 5.4.99.2]
and MeCbl as a coenzyme of methyltetrahydrofolate-
methyltransferase [EC 2.1.1.13] in the metabolism of
proteins, nucleic acids, fats and carbohydrates.

These facts suggest that cell proliferation may be
altered by AdoCbl and MeCbl. While CN-Cbl and
OH-Cbl are scarcely found in the human body, when
administered orally or intradermally, they are each
transformed into active Cbl in the liver within several
days, combined with transcobalaminll, and enter the
cells via the receptor.” On the other hand, when a
large amount of Cbl is administered, a portion is
directly absorbed by diffusion without involving in
the intrinsic factor.? However, there have been few
studies about the absorption of Cbl analogues,® so
their significance remains largely unknown.

Cbl deficiency caused by insufficient ingestion or
by Cbl malabsorption is known to cause various dis-
orders in mammals. Typical diseases caused by Cbl
deficiency are pernicious anemia*® and peripheral
neuropathy,” and immunodeficiency in pernicious
anemia, i.e., a change in T cells, has been clinically
observed.®'" We have already reported that Cbl
deficiency lowered the serum C3 concentration in
rats, which could be recovered by MeCbl administra-
tion, and thus concluded that MeCbl participated in
regulating the complementary function.'®

On the other hand, Sakane ef al.'® have examined
the immune function under Cbl-sufficient conditions
and found that MeCbl promoted the function of hel-
per T cells in vitro. They also suggested that MeCbl
promoted the production of concanavalin A-induced
suppressor cells, and thus explained that MeCbl im-
proved not only an immunodeficiency such as that
observed in pernicious anemia, but also the general
immunodeficiency mediated by the T-cell function.

We examined cytokine production and especially
IL-2 production. IL-2 is a factor of T cell prolifera-
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tion, and the antigen must combine with the T cell
receptor (TCR)/CD3 complex in the activation of
naive T cells (pTh), while secondary signals mediat-
ing CD28 are also required. CD28 is an accessory
molecule related with the activation of pTh, and the
stimulation of pTh induces phosphorylation of cellu-
lar proteins, transmits signals to the nucleus, and in-
duces IL-2 production. In addition, CD25 (IL-2 Ro/
p55) was also examined.

We administered AdoCbl or MeCbl to mice in the
active coenzyme form, or CN-Cbl in the inactive
coenzyme form, the mice having been sensitized
with the ovalbumin (OVA) antigen. We examined the
humoral, cell-mediated immune functions and
cytokine levels in the mice from the viewpoint of the
allergic reaction.

Materials and Methods

Animals and diet. Six-week-old male BALB/c
mice (Tokyo Experimental Animals Science Co.
Ltd., Tokyo, Japan) were used and assigned to
groups of seven animals. The diet used for the experi-
ment was prepared according to Table 1. In order to
administer Cbl by intraperitoneal injection (i.p.), we
fed the animals on a Cbl-free diet for the experimen-
tal period (12 days). The animals had free access to
the diet and water. The conduct of the animal experi-
ment followed ‘‘The standard on breeding and
storage of the laboratory animal’> (The Prime

Table 1. Composition of the Experimental Diet

Ingredient g/kg of diet
Soybean protein’ 180.0
Glucose anhydrous® 673.5
Lard® containing fat-soluble vitamins®* 100.0
Mineral mixture’ 35.0
Water-soluble vitamin mixture, B12-free® 10.0
Choline chioride’ 1.5

I Ajipron SU, 85.4% crude protein content Ajinomoto Co., Tokyo,
Japan.
2 Sanei Toka Co., Ehime, Japan.
3 Hayashi Chemicals Co., Tokyo, Japan.
4 Fat-soluble vitamins in 1 kg of diet: alpha-tocopheryl acetate, 35 mg;
retinyl acetate, 4,000IU; and cholecalciferol, 1,000IU. These vitamins
were purchased from Wako Pure Chemical Industries, Osaka, Japan.
Mineral mixture contained the following (g/kg of mixture): calcium
phosphate, dibasic, 500; sodium chloride, 74; potassium citrate, mono-
hydrate, 220; potassium sulfate, 52; magnesium oxide, 24; manganous
carbonate, 3.5; ferric citrate, 6; zinc carbonate, 1.6; cupric carbonate,
0.3; potassium iodate, 0.01; sodium selenite, 0.01; and chromium potas-
sium sulfate, 0.55. Weight of the mixture was made up to 1 kg by the
addition of glucose anhydrous. All mineral salts were purchased from
Wako Pure Chemical Industries, Osaka, Japan.
Water-soluble vitamin mixture contained the following (mg/kg of mix-
ture); thiamin hydrochloride, 600; riboflavin, 600; pyridoxine
hydrochloride, 700; nicotinic acid, 3,000; calcium pantathenate, 1,600;
folic acid, 200; biotin, 20; and menadione, 5. Weight of the mixture was
made up to 1 kg by the addition of glucose anhydrous. All mineral salts
were purchased from Wako Pure Chemical Industries, Osaka, Japan.
7 Wako Pure Chemical Industries, Osaka, Japan.
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Minister’s Office announcement No. 6 in March,
1980).

Sensitization and Cbl administration. OVA, CN-
Cbl, AdoCbl and MeCbl were purchased from Sigma
Chemical Co. (St. Louis, U.S.A.), and Bordetella
pertussis was purchased from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). The mice were sensi-
tized by adding 5 mg of OVA to 1 ml of a solution
containing 0.9%(w/v) NaCl and 9% (w/v) potassium
aluminum hydroxide adjusted to pH 6.5. Then, 1 X
10" inactivated Bordetella pertussis was added as an
adjuvant, and 0.1 ml per animal of the mixture was
i.p. administered to the mice. Eleven days later, 0.1
mg/kg body wt. of CN-Cbl, AdoCbl, MeCbl or
physiological saline (control) was i.p. administered
once. Blood was collected 24 hours later from the
heart under nembutal anesthesia and centrifuged at
1,300 x g, the serum being separated and stored at
—30°C until needed. The liver, spleen and lung were
removed from the mice, the liver being stored at
—30°C until needed.

Hepatic Cbl concentration. The hepatic Cbl con-
centration was determined by a microbiological assay
using Lactobacillus delbruekii lactis ATCC 7830. Cbl
was extracted from rat liver by boiling in the presence
of KCN, essentially as described by Frenkel ef al.'®

Serum C3, IgG, IgE and pulmonary histamine
concentrations. The concentration of C3 was meas-
ured by a single radial immunodiffusion assay,'® and
IgG and IgE in the serum were measured by an en-
zyme-linked immunosorbent assay'” (ELISA). The
pulmonary histamine concentration was measured by
the fluorescence method of May et al.'®

Cytokine level in splenocytes. Immediately after its
isolation, the spleen was perfused with phosphate-
buffered saline (pH 7.2), the perfusate was collected,
and a cell suspension was obtained. The cell suspen-
sion, after being loaded on Lympholyte-M
(Cedarlane Laboratories Ltd., Ontario, Canada),
was centrifuged at 500X g for 20 min at room tem-
perature, and splenocytes were obtained from the
middle layer. The splenocytes of 5 x 10° cells was in-
cubated in 1 ml of a RPMI 1640 medium (Wako)
containing 10% fetal calf serum at 37°C in 5% CO,
for 48 hours in the presence of the anti-mouse CD3
(Caltag Laboratories, Burlingame, Canada) and
CD28 (Caltag) antibodies. The supernatant of the
culture was quantified with an Inter Test-2X Mouse
IL-2 ELISA kit (Genzyme Co., Cambridge, U.S.A.)
and Inter Test-4X Mouse IL.-4 ELISA kit (Genzyme).

Proportions of CD3, CD4, CDS5, CD25 and CD28
in the splenocytes. The splenocytes were treated with
anti-mouse monoclonal antibodies to CD3 that had
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Table 2. Cbl Concentration in the Liver, C3, IgG and IgE Concentrations in the Serum, and Histamine Concentration in the Lungs of Mice

Administered with CN-Cbl, AdoCbl and MeCbl'*?

Cbl C3

(ng/tissue) (%)
Control 118+12¢ 1003
CN-Cbl 172+10° 101 +4
AdoCbl 235+ 9° 109+3
MeCbl 249 + 5° 100+3

1gG IgE Histamine
(mg/ml) (ng/ml) (ng/tissue)
1.41 +£0.09 497 +28° 314+ 142
1.31+0.08 342+ 40° 177 +8°
1.22+0.05 339 +20° 220+2°
1.29+0.05 383+17° 198 £ 7%

! Each value is the mean = SEM for seven mice.

2 Values with different superscript letters are significantly different (p<0.05).

been labeled with fluorescein isothiocyanate (FITC,
Caltag), to CD4 that had been labeled with FITC
(Serotec Ltd., Oxford, U.K.), to CDS5 that had been
labeled with R-Phycoerythrin (R-PE, Serotec), to
CD25 that had been labeled with FITC (Cedarlane)
and to CD28 that had been labeled with R-PE (Cal-
tag). Splenocyte subsets of the obtained 1x 10° cell
groups were gated and measured with a flow cytome-
ter (Epics Elite; Coulter, U.S.A.).

Analysis of phosphotyrosine in the splenocytes.
After dissolving the splenocytes, they were subjected
to SDS-PAGE," and phosphotyrosine was detected
by a western blotting analysis,” using an anti-
phosphotyrosine antibody (Upstate Biotechnology,
NY, U.S.A)).

Statistical analysis. The significance of intergroup
difference was tested by one-way ANOVA with
SPSS, and then by a parametric analysis, Duncan’s
multiple range test being performed at p <0.05. Het-
eroscedasticity was evaluated with the Kruskal-Wallis
test as a non-parametric analysis at p<0.05.

Results

Hepatic Cbl, serum C3, IgG, IgE and pulmonary
histamine concentrations

The hepatic Cbl concentration was significantly
higher ( p<0.05) in the CN-Cbl, AdoCbl and MeCbl
groups than in the control group (Table 2). The se-
rum C3 and IgG concentrations were no different
among the groups. On the other hand, the serum IgE
concentration was significantly lower (p<0.05) in
the CN-Cbl, AdoCbl and MeCbl groups than in the
control group (Table 2). At though the IgG and IgE
concentrations were not measured as OVA specific
antibodies, there was no difference in the IgG concen-
tration after OVA sensitization (control, 1.41+0.09
mg/ml; CN-Cbl, 1.31 +0.08 mg/ml; AdoCbl, 1.22+
0.05 mg/ml; MeCbl, 1.29+0.05 mg/ml) than that
before (control, 2.07 =0.06 mg/ml; CN-Cbl, 1.58 +
0.13 mg/ml; AdoCbl, 1.50%=0.08 mg/ml; MeCbl,
1.52+0.06 mg/ml). However the IgE concentration
after OVA sensitization (control, 497=+28 ng/ml;
CN-Cbl, 342+40ng/ml; AdoCbl, 339+20 ng/ml;

Table 3. Cytokine Content in the Splenocytes of Mice Ad-
ministered with CN-Cbl, AdoCbl and MeCbl'?

IL-2 (ng/ml) IL-4 (pg/ml)

Control 3.89+0.45% 270 +31*
CN-Cbl 3.37+0.50® 146 +36°
AdoCbl 2.37+0.41° 106+31°
MeCbl 2.53+0.25° 91 +28°

! Each value is the mean +SEM for seven mice.
2 Values with different superscript letters are significantly different
(p<0.05).

MeCbl, 383 =17 ng/ml) was higher than that before
(control, 14.2%2.6ng/ml; CN-Cbi, 15.2%2.6
ng/ml; AdoCbl, 15.4+3.8 ng/ml; MeCbl, 11.1+2.5
ng/ml). The histamine concentration was significant-
ly lower (p<0.05) in the CN-Cbl, AdoCbl and
MeCbl groups than in the control group (Table 2).

Cytokine levels in the splenocytes

The IL-2 production in splenocytes tended to be
Iower in the CN-Cbl group than in the control group,
and was significantly lower ( p <0.05) in the AdoCbl
group and the MeCbl group (Table 3). The IL-4
production in the splenocytes was significantly lower
(p<0.05) in all experimental groups than in the con-
trol group (Table 3).

Proportions of CD3, CD4, CD5, CD25 and CD28
in the splenocytes

The proportion of CD3*CD28" cells tended to be
lower in the CN-Cbl group, and was significantly
lower (p<0.05) in the AdoCbl and MeCbl groups
than in the control group. The proportion of
CD3*CD28" cells was significantly higher (p <0.05)
in the CN-Cbl, AdoCbl and MeCbl groups than in
the control group (Table 4). The proportion of
CD47CD28" cells tended to be lower in the CN-Cbl
group and AdoCbl group than in the control group,
and was significantly lower (p<0.05) in the MeCbl
group. The proportion of CD4"CD28" cells tended
to be higher in the AdoCbl group, and was sig-
nificantly higher ( p<0.05) in the CN-Cbl and MeCbl
groups than in the control group (Table 4). The
proportion of CD5*CD25~ cells tended to be lower
in the AdoCbl group than in the control group, and
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Table 4. Proportions of CD3, CD4, CD5, CD25 and CD28 in the Splenocytes of Mice Administered with CN-Cbl, AdoCbl and MeCbl'*
CD3"CD28~ CD3"CD28" CD47CD28~ CD4"CD28" CD57CD25" CD5-CD25* CD5"CD25*
(%) (%) (%) (%) (%) (%) (%)
Control 40.8+2.7° 1.52+0.27° 22.3+0.9° 0.92+0.10° 33.8+0.7° 1.85+0.24 2.37+0.17
CN-Cbl 35.4+2.5% 3.26+0.28° 21.5+2.4% 1.57+0.19° 27.8+1.6° 2.34+0.31 3.25+0.24
AdoCbl 33.1x1.1° 2.73+0.20* 17.1£1.0% 1.23+0.08% 31.9+0.9* 2.44+0.12 2.72+0.11
MeCbl 33.5+1.7° 2.68+0.19° 15.5+0.6° 1.42+0.09° 29.1+1.6° 2.10+0.16 3.70+0.62
! Each value is the mean + SEM for seven mice.
2 Values with different superscript letters are significantly different (p <0.05).
was significantly lower (p<0.05) in the CN-Cbl Z ‘D;_ % Q
group and MeCbl group. The proportions of & % N ’F::’
CD5 CD25* and CD5*CD25" cells were no differ- = = =X e,

ent among the groups (Table 4).

Analysis of phosphotyrosine in the splenocytes

The splenocytes in the control group showed two
bands at 48 kDa and 14 kDa (arrow) for phos-
photyrosine which were not present in the Cbl-ad-
ministered groups. This indicates that Cbl inhibited
the intracellular tyrosine phosphorylation induced by
anti-mouse CD3 and CD28 antibody stimulation

(Fig. 1).
Discussion

Only a few studies have been performed on the
effect of Cbl on the immune function in animals
without Cbl deficiency.!*?"?? Sakane et al.® have
reported that the mixed lymphocyte reaction in an
autologous mixed lymphocyte culture from rheumat-
ics was increased by the presence of MeCbl, before
recovering to the normal level. They have suggested
that MeCbl regulated the immune function in vivo by
increasing the function of T cells, and that this was
possibly useful to improve malfunctions of the im-
mune systems.'¥ Recent studies have reported the
efficacy of MeCbl on the immune control system.?-2

Accordingly, the OVA antigen was used to sensi-
tize mice, to which CN-Cbl in the inactive coenzyme
form, or AdoCbl or MeCbl in the active coenzyme
form'¥ was then administered, and the immune func-
tion was examined in relation to allergic reaction.
The Cbl dose followed the report of Glass et al.,*® as
the quantity which could be expected to provide a
pharmaceutical effect.

In the groups administed with CN-Cbl, AdoCbl or
MeCbl, the hepatic Cbl concentration was sig-
nificantly higher than that in the control group.
However, the CN-Cbl concentration was lower than
the AdoCbl or MeCbl concentration, so it seems
there was a different conversion and utilization of
CN-Cbl in the liver.

At though the IgG and IgE concentrations were
not measured as OVA specific antibodies, the IgE
concentration after OVA sensitization was higher
than that before, indicating that OVA sensitization

Fig. 1.

The splenocytes in the control group showed bands at 48 kDa

and 14 kDa (arrow) for phosphotyrosine which were not found
in the CN-Cbl, AdoCbl and MeCbl-administered groups.

Effect of Cbl on the Splenocytes of OVA Sensitized Mice.

had influence. The IgE and pulmonary histamine
concentrations were increased by OVA sensitization,
but were significantly lower than those in the control
group with Cbl administration. IL-4 production in
the splenocytes, an allergy-reaction factor,?” was also
significantly lower in all Cbl-administered groups
than in the control group. These results indicate that
not only MeCbl but also CN-Cbl and AdoCbl may
have mitigated the allergic reactions.

However, IL-2 production in the splenocytes was
also lower in all the Cbl-administered groups than in
the control group. Yamashiki ef al.?® have indicated
that MeCbl mainly suppressed the cytokine produc-
tion of T lymphocytes in vitro. We infer that Cbl ad-
ministration significantly reduced IL-2, and secon-
darily IL-4, IgE and histamine. CD4-positive cells are
classified into the following three types, according to
the pattern of cytokine production: Thl-type cells,
Th2-type cells, and their progenitor cells Th0.*-
PTh is differentiated to ThO cells by antigenic stimu-
lation in the presence of IL-2.3"3? If the IL-2 produc-
tion of pTh cells were to decrease, IL-4 production
by Th2 cells may be restrained.

CD28 is an accessory molecule related to the acti-
vation of pTh, and the stimulation of pTh induces
phosphorylation of cellular proteins, transmits sig-
nals to the nucleus, acts on the promoter/enhancer
region of the IL-2 gene, and strongly induces IL-2
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production.?® Both the signal mediated by TCR and
the accessory signal mediated by CD28 are generally
required for the activation of pTh, while pTh
becomes the anergy only in the signal of TCR.3*3

In the present study, CN-Cbl, AdoCbl and MeCbl
are considered to have caused T cells to become
anergy through suppression of the CD28-mediated
secondary signal. Increases in CD3*CD28* and
CD4*CD28* were also found. However, there is the
possibility that Cbl acted on pTh, considering the
decrease in the two antagonizing cytokines,*® IL-2
and IL-4, and the decrease in the expression rates of
CD3*CD28, CD4*CD28 and CD5*CD25 . In
addition, Cbl specifically inhibited the phosphoryla-
tion of tyrosine induced by OVA sensitization.

We found that Cbls were effective in mitigating al-
lergic reactions and IL-2 production. In addition,
Cbl specifically inhibited the cellular phosphorylation
of tyrosine induced by OVA sensitization. These
results indicate that the signal in a cell mediated by
CD 28 was restrained by Cbl. An analysis of various
cells and the effect of Cbl on intracellular signal
transmission should be conducted in a future study.
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