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cow’s IgG1 and its proteolytic digests stimulate immunoglobulin
formation in mouse spleen cell cultures
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The aim of this work is to investigate the effect of cow’s immunoglobulin G1 (IgG1) and its gastrointestinal proteinase
digests on the formation of immunoglobulin, the expression of some cytokine mRNAs, and the ratio of several immuno-
competent cells in mouse spleen cell cultures. Immunoglobulin G1 was prepared from Holstein cow’s colostrums, di-
gested with pepsin, trypsin, chymotrypsin, or pepsin and pancreatin. Peptide fragments with a molecular mass of less
than 20,000 were then recovered from each digest as proteolytic digests for investigation. Intact IgG1 and all its digests
(except for peptic) significantly stimulated IgA formation, while intact IgG1 and its digests (especially tryptic) enhanced
lgG formation. Intact IgG1, and both tryptic and chymotryptic digests noticeably increased mRNA expressions of cyto-
kines secreted by type 2 helper T (Th2) cells such as IL-4, IL-5 and IL-6. Moreover, intact IgG1 and all its digests signifi-
cantly increased CD4" and CD19” cell ratios. These results suggest that intact IgG1 and its gastrointestinal proteolytic
digests may stimulate the production of IgA, a major immunoglobulin in intestinal tracts, via the modulation of cell num-
bers and/ or functions of B and Th2 cells.

Bovines lgG1 und seine proteolytischen Verdauungsaufschluss stimulieren die Immunglobulinbildung in Mzu-
se-Milzzellkulturen

Ziel dieser Studie war es, die Wirkung von bovinem Immunglobulin G1 (igG1) und seiner gastrointestinalen Proteina-
seaufschliissen auf die Bildung von Immunglobulin, die Exprimierung einiger Cytokin-mRNAs und das Verhaitnis mehre-
rer immunkompetenter Zellen in Mause-Milzzellkulturen zu untersuchen. Immunglobulin G1 wurde aus dem Kolostrum
von Holstein-Kithen hergestellt und mit Pepsin, Trypsin, Chymotrypsin oder Pepsin und Pankreatin verdaut. Peptidfrag-
mente mit einem Molekulargewicht von > 20.000 wurden dann aus jedem Aufschluss als proteolytische Aufschllisse zur
weiteren Untersuchung gewonnen. Intaktes IgG1 und alle Aufschliisse (mit Ausnahme des peptischen) stimulierten die
IgA-Bildung signifikant, wéhrend intaktes IgG1 und seine Aufschilisse (insbesondere die tryptischen) die IgG-Bildung
hemmten. Intaktes |gG1 und die tryptischen und chymotryptischen Aufschilisse erhéhten signifikant den mRNA-
Exprimierung von Cytokinen, die von Typ2-Helfer T (Th2)-Zellen wie IL-4, IL-5 und IL-8 sezerniert wurden. Aulerdem er-

- héhten intaktes IgG1 und seine Aufschliisse signifkant das Verhéltnis CD4*- und CD19*. Diese Ergebnisse lassen ver-
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muten, dass intaktes IgG1 und seine gastraintestinalen proteolytischen Aufschliisse die Bildung von IgA, einem wesent-
lichen Immunglobulin im Intestinaltakt, durch Modulation der Zellzahlen und/oder der Funktion von B- und Th2-Zellen
fordern kénnten.

18 Immunoglobulin G1 (proteolysis, stimulation of IgA) 18 Immunglobulin G1 (Proteolyse, Stimulierung von IGA)

1. Introduction

Immunoglobulin G (IgG) is the most abundant anti-
body in bovine colostrum. Cow’s IgG consists of 2 sub-
classes, IgG1 and 1gG2. More than 90% is IgG1 in the
colostrum, although blood contains almost equal
amounts of IgG1 and 1gG2 (1). This fact suggests that
cow's IgG1 plays a physiologically important role in calf
intestinal tracts, in addition to protecting the host against
pathogenic organisms.

KoBasHI et al. (2) reported that IgA production of
Peyer's patch cells was higher in X-irradiated mice
given cow’s IgG-rich milk than in those given normal
mflk_. ISHIDA et al. (3) demonstrated that the oral ad-
Ministration of cow's IgG-rich milk significantly aug-
Mmented some immunological functions of gut-asso-
Cla’ged lymphoid tissue cells. However, it is unclear how
active immunity is regulated by cow’s IgG, in particular
bythe IgG1 subclass.

In a previous paper, OHNUKI and OTANI (4) demon-
Strated that about half of the antigen-binding and 15% of
the protein G-binding activities of cow’s milk 1gG1 in-
9ested in mouse stomach were recovered in feces. This
Observation confirms that undigested IgG1 and its di-

i 98sts coexist in gastrointestinal tracts in mice that orally
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ingested cow’s IgG1. Thus, our study was designed to
investigate the effects of cow’s IgG1 and its gastrointes-
tinal proteolytic digests on the formation of IgA and 1gG
(major antibodies in local and systemic immunities, re-
spectively), expressions of some cytokine mRNAs, and
ratios of immnuocompetent cells in mouse spleen cell
cultures.

2. Materials and methods
2.1 Materials

P Rabbit anti-bovine IgG1 and 1gG2 sera were obtained
from Nordic Immunological Laboratories (Tilburg, NLO.
Goat anti-mouse 1gG was purchased from Jackson
Immuno Resarch Laboratories (West Grove, PA, USA).
Horseradish peroxidase (HR)-labeled sheep anti-mouse
IgG, goat anti-mouse IgA, and HR-labeled goat anti-
mouse IgA were from Bethyl Laboratories, Inc. (Mont-
gomery, TX, USA). BioLegend (San Diego, CA, USA)
was the supplier of phycoerythrin (PE)-labeled anti-
mouse CD4 monoclonal antibodies (mAb, clone RM4-
5), PE-labeled anti-mouse CD4%b mAb (clone DX5),
biotin-labeled anti-mouse CD8a mAb {clone 53-6.7),
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biotin-labeled anti-mouse CD19 mAb (clone MB19-1),
biotin-labeled anti-mouse CD11b mAb (clone M1/70),
and phycoerythrin/cyanine 5 (PE/Cy5) -labeled strepta-
vidin. Pepsin, trypsin, chymotrypsin and pancreatin
were purchased from Sigma Chemicals (St. Louis, MO,
USA). TRIzol reagent was from Invitrogen Japan (To-
kyo). M-MLV reverse transcriptase and Tag DNA poly-
merase were obtained from Qiagen (Tokyo). Defined fe-
tal bovine serum (FBS) was from HyClone Laboratories
(Logan, UT, USA), and RPMI-1640 from Nissui Phar-
maceutical Co. Tokyo. Remaining chemicals were of
the highest analytic grade commercially available.

2.2 Colostral IgG1

1gG1 was prepared from fresh colostrum secreted by
a Holstein cow within 48 h after delivery using a combi-
nation of ammonium sulfate fractionation and anion-
exchange chromatography. The 19G1 subclass was
confirmed by means of immunodiffusion with rabbit anti-
bovine IgG1 or IgG2 serum (5).

2.3 Preparation of proteolytic digest

IgG1 (200 mg) was dissolved in 5 ml of 0.01M HCl or
0.01M sodium phosphate buffer (pH 7.5). The IgG1 so-
lution was adjusted to pH 2 (for peptic digestion) or 7.5
(for tryptic or chymotryptic digestion) by addition of 1 M
HCI or NaOH, adjusted to 10 ml with distilled water, and
used as a substrate solution. Digestion was carried out
in a test tube at ratios of IgG1 : proteinase = 50 : 1 (for
pepsin) and 100: 1 (for trypsin or chymotrypsin) with
continuous shaking in a water bath at 4501 for 6 h. The
pH of the 1gG1 solution reacted with pepsin was imme-
diately adjusted to 7.2 with 1M NaOH, and centrifuged
at 3000 rpm for 30 min at 4[1. On the other hand, in the
case of trypsin and chymotrypsin, the same amount of
each proteinase was added, and the test tube was kept
for an additional 3 h under the same conditions. Then,
each digest was immediately adjusted to pH 7.2 with 1M
NaOH or 1M HCI, and centrifuged at 3000 rpm for 30
min at 403. All supernatants obtained by the centrifuga-
tion were subjected to ultrafiltration at 40 on an Amicon
Ultrafiltration Cell Model 52 (Amicon Corporation, Dan-
vers, MA, USA) with an Advantec UP-20 membrane
with a 20-kDa exclusion (Advantec MFS, Tokyo, Japan).
The ultrafiltrate was recovered as a peptic, tryptic or
chymotryptic digest of IgG1. On the other hand, after the
IgG1 was digested with pepsin for 8 h as mentioned

above, the digest was adjusted to pH 7.5 with 1M NaOH.

Two milligrams of pancreatin were added to the ad-
justed digest and subjected to continuous shaking in a
water bath at 4500. After 6 h, another 2 mg of pancreatin
was added, and the digest was kept for an additional 3 h
under the same conditions, after which the ulirafiltrate
was prepared from the digest according to the same
procedure mentioned above, and used as a peptic-
pancreatic digest. The amount of peptide recovered
was about 16, 18, 20, and 29% of the IgG1 amount used
as a substrate in the peptic, tryptic, chymotryptic, and
peptic-pancreatic digests, respectively.

2.4 Spleen cell suspensions and cell cultures

Six week-old male C3H/HeN mice were obtained
from the Japan SLC (Hamamatsu, Japan). A single-cell
suspension was prepared by disrupting spleens in
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RPMI-1640 medium containing 5% FBS, 100 units/m|
penicillin, and 100 pug/ml streptomycin as previously re-
ported (6). Final concentrations of the cells, and IgG1 or
its proteolytic digests were 5x10° viable cells/ ml and 0
to 100 pg/ml, respectively. The cell suspension mixture
was cultured for 12 h (for mRNA expression) or 72 h (for
immunoglobulin level and cell ratio) at 370 in a humidi-
fied 5% C0,-95% air atmosphere.

2.5 Immunoglobulin assay

The sandwich enzyme-linked immunosorbent assay?
(ELISA) was used to determine the levels of IgA and 1gG -
in the cell culture supernatant, and principally carried

out as previously reported (6). The immunoglobulin.

level was represented as an immunoglobulin index cal-é
culated by the following formula: Immunoglobulin in-;

dex= ELISA value (A 490 nm) for culture with IgG1 or its' |
digest/ ELISA value (A 490 nm) for culture without IgG1 1
orits digest.

2.6 Reverse transcription polymerase chain reac-:
tion (RT-PCR) :

Total RNA was extracted from spleen cells and used!
for RT-PCR as previously reported (7). The primer se-
quences of IL-6 and GAPDH followed those of a previ-;
ous paper (7) and 1L-4 and IL-5 followed those of YANG
et al. (8). The primer sequence of IL-2 followed ULETT
et al. (9). The primer sequences of the other cytokines:
were as follows: IL-10, (Sense) 5-GCTGAAACCCTCA
GGA-TGCG-3, (Antisense) 5'-CCCTGCAGCTCTCAA
GTGTGG-3'; IL-12 p40, (Sense) 5-CAAGTTCTTG GG
CGGGTCTG-3'  (Antisense) 5-GAGGTGGACTG-:
GACTCCCGA-3"; IFN~, (Sense) 5-GTCAGCCGC|
TTGGCTGTCCCC-3', (Antisense) 5’-GAGGAACTGG‘1
CAA AAGGATGG-3; and TGF-B, (Sense) 5-CC-
CTGGTGGTATACTGAGACACC-3 (antisense) 5'-;
CGGGTGC TGTTGTACAAA-GCGAG-3. The result
was represented as an expression index calculated by
the following formula: Expression index = (Band‘
strength for a given cytokine in the presence of IgG1 or!
its digest/ band strength of the s;multaneously treated:
GAPDH)/ (band strength for a given cytokine in the ab-
sence of IgG1 and the digest/band strength of the snmul-
taneously treated GAPDH).

2.7 Cell analysis by personal cell functlonal
analyzer

The mouse spleen cell was incubated with mouse Fc
block for 15 min at 40, and reacted with PE-labeled anti-
mouse mAbs specific to CD4 or CD49b, or with biotin-
labeled anti-mouse mAbs specific to CD8, CD19 or
CD11b for 15 min at 40. Cells already reacted with the
biotin-labeled antibody were further incubated with
PE/Cy5-labeled streptavndm for 15 min at 40. Finally, all

cells were analyzed using a Guava Personal Cell Func-
tion Analyzer (Guava Technologies, Hayward, CA,
USA).

2.8 Slatistical analysis

Immunoglobulin index and cell ratio were expressec
as means * standard deviation. The significance in the
difference between cultures with and those without IgG*
or its digest was determined by Student’s i-test.
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Fig.1: Effects of IgG1 and its digests on IgA (upper) and IgG
{(lower) formations in mouse spleen cell cultures. The
results are represented as immunoglobulin indexes
against cell cultures without 1gG1 and its digest. Val-
ues significantly differ from the 1gG1 and its digest-
free culture at *P<0.05, **P<0.01 and ***P<0.001.

3. Results and discussion

Figure 1 shows immnunoglobulin indexes of super-
natants from mouse spleen cells cultured for 72 h with
IgG1 and its digests. Both IgA and lgG indexes signifi-
cantly increased in the culture with intact IgG1 and tryp-
tic digest. In addition, the former also significantly in-
creased in chymotryptic and peptic-pancreatic digests
as did the latter in peptic digest. IgA and igG are the
dominant immunoglobulins in gastrointestinal and sys-
temic immune systems, respectively (1). The present
results suggest that cow’s 1gG1, which is the most
abundant immunoglobulin in bovine colostrum, plays a
physiological role in the development of an active hu-
moral immune system in addition to conferring passive
immunity in newborn calves.

Figure 2 shows the expression index of mMRNA for
some cytokines of mouse spleen cells cultured for 12 h
with IgG1 and its digests. Intact IgG1 showed more than
a 2-fold increment of mMRNA expressions for IL-5 and IL-
6, and a 1.5- to 2-fold increment of mMRNA expressions
for IL-4, IFN-y, IL-12 p40 and TGF-B, whereas little in-
fluenced on expressions of mMRNAs for IL-2 and IL-10.
On the other hand, digests noticeably increased ex-
Pressions of MRNAs for IL-4 and IL-6. In addition, peptic
digest increased expressions of mRNAs for IL-2, IFN-y
and TGF-B, while tryptic and peptic-pancreatic digests
Increased the mMRNA expression for IL-5. Peptic and
Chymotryptic digests increased expressions of mRNAs
for TGF-B, whereas peptic-pancreatic digest markedly
reduced expressions of mMRNAs for IL-12 p40 and iL-10.
TyPe 2 helper T cells produce IL-4, IL-5 and IL-6 (10). IL-
4is a one of B cell growth factors and stimulates IgG
formation, while IL-5 promotes the survival of IgA™B
Cells and their maturation into IgA secreting cells (11).
”—,‘6 plays an important role in promoting the terminal
differentiation of B cells to IgA secreting cells (12).
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Fig.2: Effects of IgG1 and its digests on mRNA expressions
of some cytokines in mouse spleen cell cultures.
Cells were cultured for 12 h with or without IgG1 and
its digests. Numbers represent the expression index
against the 1gG1 and its digest-free culture. A: IgG1
and its digest-free culture, B: IgG1, C: Peptic digest,
D: Tryptic digest, E: Chymotryptic digest, F: Peptic-
pancreatic digest.

These facts provide at the cytokine level that bovine
1gG1 and its digests stimulate IgA and IgG formations in
mouse spleen call cultures.

Table 1 shows the ratios of CD4", CD8", CD19",
CD11b* and CD49b" cells in mouse spleen cells cul-
tured for 72 h with IgG1 or its digests. Intact IgG1 signifi-
cantly increased the ratios of CD4" and CD19" cells,
whereas it showed little influence on those of CD8’,
CD11b" and CD49b" cells. Tryptic, chymotryptic and
peptic-pancreatic digests significantly increased the ra-
tio of CD49b" cells, in addition to those of CD4" and
CD19" cells. On the other hand, the ratio of CD8" cells
significantly increased in cultures with peptic, tryptic and
chymotryptic digests, whereas no intact IgG1 or its di-
gests had any influence on CD11b" cells. CD4 and
CD19 are typical cell surface antigens of helper T cells
and B cells, respectively (13, 14). At the immunocompe-
tent cellular level, these facts support our above finding
that intact IgG1 and its digests stimulate IgA and IgG
formations in mouse spleen cell cultures. On the other
hand, CD8, CD11b and CD49b, which are typical cell
surface antigens of cytotoxic T cells, monocytes/
macrophages, and natural killer cells, respectively, are
well known contributors to cellular immunity (15-17).
Hence, digestion of cow’s milk IgG1 may produce pep-
tides that regulate cellular as well as humoral immunity.

Antigen-presenting cells such as dendritic cells and
macrophages possess some types of IgG receptors
(FcyR) on their cell surface. FcyRl and FeyRIll stimulate
immunoglobulin formation when IgG binds to the recep-
tor, whereas FcyRllb inhibits it. Moreover, FcyRI can in-
teract with not only IgG-antigen complex but also with
free IgG, with which FcyRIlb hardly interacts at all (15).
Thus, the stimulation of IgG and IgA formations ob-
served in the present study may be due to the binding of
lgG1 to FeyRI on antigen-presenting cells. Further study
is in currently progress to clarify this point.
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Table 1: gatios of several immunocompetent cells in the mouse spleen cell cultures with or without IgG1 and it
igests
Cell Concentration Intact Peptic Tryptic Chymotryptic Peplic-
(pg/ml) pancreatic
CD4+ 0 17.40 £ 0.53 14.76 £ 0.29 14,76 £ 0.29 14.76 £ 0.29 1476 £0.29 4
50 19.10 £ 0.72" 13.60 £ 0.30* 16.90 + 0.69** 16.93 £ 0.51** 15.06 £ 0.55 *
100 21.60 £ 0.45** 13.73x1.21 14.80 £ 0.56 16.93 + 0.83" 18.76 + 0.81**
cD8* 0 6.78 £0.37 5.07 £0.16 5.07+£0.16 5.07 £ 0.16 507 £0.16 £
50 7.38+0.54 5.23 1 0.40 6.07 £ 0.42* 5.23x0.15 5.07 £ 0.06
100 7.48 +£0.68 6.03 + 0.21* 6.80 = 0.53* 6.07 £ 0.21** 5.17 £ 0.25
CD19+ 0 31.66 £ 0.65 42.90 + 0.36 42,90 £ 0.36 42.90 +0.36 41.63 £ 0.81
50 37.23 + 0.46™ 47.93 £ 0.51** 43.96 £1.08 48.40 £ 1.01™** 45.70 £ 0.56™ :
100 40.96 £ 0.98** 54,16 £ 0.91*** 44,90 + 0.61** 56.46 + 0.76™* 45.26 + 2,03** 3
CD11b* 0 9.23+ 0.64 8.67 = 0.81 8.67 + 0.81 8.67 £ 0.81 6.47 £0.12
50 9.30 £ 0.17 9.63 £ 0.58 9.13+0.64 8.70 £ 0.17 6.17 £0.32
100 9.05+0.21 9.00 + 0.50 9,57 £ 0.50 8.17+0.76 6.70 £ 0.20
CD49b* 0 v4.01 £ 0.79 3.43 £ 0.46 3.53x0.15 3.43+0.46 3.43:+0.46 i
50 4.23+0.47 4.97 + 0.67* 470 £ 0.61* 4.47 £ 0.42* 5.93+0.76" -
100 4,10+ 0.10 543+ 0.72* 5.63 £ 0.12*** 5.80 + 0.57* 4.60 + 0.46**
Values significantly differ from IgG1 and its digest-free cuiture at *P<0.05, **P<0.01 and ***P<0.001. i

In conclusion, the present study demonstrates that,at
the cytokine and immunocompetent cellular levels,
IgG1 and its gastrointestinal proteinase digests stimu-
late the formation of immunoglobulin, particularly 1gA, in
mouse spleen cell cultures.
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