

















DIETARY PROTEIN TYPE AND B-CELL RESPONSE IN MICE

TABLE 2

Number and renewal of small lymphocytes in the
bone marrow of mice fed diets of various

protein types'
Diet
Bone marrow cell NP C L
Total nucleated cells/femur,
x10® 17.9 18.0 17.0
+31 +38 %15
Small lymphocytes
Incidence, % 22.1 21.1 20.1
. +11 +£53 x29
Cells/femur, x 107 39.3 36.8 34.0
+78 +65 173
[*H]Thymidine-labeled small
lymphocytes*
Labeling index, %
24 h 25.1 32.0 28.3
48 h 65.1 71.6 69.0
Labeled cells/femur, x 107
24h 9.8 9.3 10.5
48 h 31.9 32.0 28.3

'Values after + are SD from groups of six mice. Bone mar-
row taken from C3H/He] mice, 9 wk old, after 3-wk treatment
with nonpurified (NP) diet, casein diet (C) (20 g casein/100 g
diet), or lactalbumin diet (L) (20 g/100 g).  *Labeled small
lymphocytes (=3 grains/cell) derived from bone marrow cells
pooled from two mice at each time interval during continuous
infusion of [*H]thymidine.

spleen of mice fed the various diets were not
associated with any comparable changes in
the magnitude of bone marrow B-lympho-

cyte genesis, as assayed either by pre-B cell

proliferation or by small lymphocyte pro-
~ duction. Functional changes in responsive-
ness of the individual B lymphocytes gen-
erated centrally in the bone marrow are not
excluded. Alternatively, the results would be
consistent with a peripheral effect of altered

dietary protein type, either producing quali-

tative changes in the B lymphocytes them-
selves or modifying the complex sequence of
events in B-lymphocyte activation, clonal
expansion and antibody secretion.

The mechanisms regulating B-lympho-
cyte production in the bone marrow may
normally include external environmental
factors. The production of bone marrow
lymphocytes is reduced in magnitude in
mice either raised under germfree condi-
tions or fed an “elemental” purified diet (14)
_containing most nutrients in their simple
molecular form. Conversely, NP diet-fed
mice given a variety of foreign agents show
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increased bone marrow pre-B cell prolifera-
tion and small lymphocyte production (15,
16). Thus a basal level of bone marrow
lymphocyte genesis, regulated by as yet ill-
defined endogenous mechanisms, appears to
be modulated by exogenous factors. While
the latter may include gross changes in
dietary intake, the regulatory mechanisms
are evidently independent of the type of
protein in the diet, at least under the condi-
tions of the present experiments.

In our previous article (2) we postulated
that dietary protein type may influence
directly the intrinsic capacity of the B
lymphocyte to respond to an antigenic
stimulus. To substantiate this assumption,
we have investigated the effect of dietary
protein type in mice presenting an accessory
cell-B cell interaction defect. The CBA/N
mice have an X-linked absence of a sub-
population of mature or late-developing B
lymphocytes (17). Our results (fig. 2A) are
consistent with observations by Scher (17)
showing that the primary in vivo IgM anti-
SRBC responses of these immune-defective
male mice were from 10 to 50% of normal
and their IgG responses were from 1 to 10%
of normal after immunization with relative-
ly high numbers of SRBC. The abnormally
low TD responses of the B cells are ap-
parently related to a diminution in the

TABLE 3

Number and proliferation of pre-B cells in the bone
marrow of mice fed diets of various protein types'

Diet

Bone marrow cells NP C L
Pre-B cells . )

Incidence, % 15 1.7 115

Cells/femur, x 107 23.0 19.0 20.0
Pre-B cells in metaphase®

Incidence, % 4.0 5.8 4.0

Cells/femur, x10™ 9.2 11.0 8.0
B lymphocytes

Incidence, % : 4.9 4.1 3.6

Cells/femur, x 107 9.0 6.0 6.0

Values from cells pooled from groups of three mice.
Bone marrow taken from C3H/He] mice, 9 wk old, after
3-wk treatment with nonpurified diet (NP), casein diet
(C) (20 g casein/100 g diet), or lactalbumin diet (L) (20
g/100 g).  *Cells arrested in metaphase 2.5 h after i.p.
injection of vincristine sulfate.
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number of B lymphocytes (18) as well as to
the inability of the CBA/N B cells to be
activated by antigen-presenting accessory
cells (19) and to accept the help provided by
T cell-replacing factor (17). Our data indi-
cate that, in spite of the expected lower
response, the effect of dietary protein type
on humoral immunity in mice with an
accessory cell-B cell interaction defect fol-
lows the pattern noted in normal mice (fig.
2A). However, the fourfold difference in the
number of PFC between L diet-fed mice
and C diet-fed mice noted in normal F,
mice after immunization with SRBC (fig.
92B) is remarkably similar to that previously
reported in C3H (1) and DBA (20) mice after
immunization with SRBC. On the other
hand, the effect of dietary protein type in
normal mice challenged with TI TNP-
Ficoll or in CBA/N defective mice after
SRBC is less profound. In both these situ-
ations the PFC response of L. diet-fed mice
is only twice that of the C diet-fed counter-
parts (figs. 1 and 2A). Although the charac-
teristic response to dietary protein type may
be an intrinsic property of the antigen
specific B cells, it appears to be more
dramatically expressed when T-helper cell-
derived factors become operational as in the
normal mouse challenged with SRBC.

The enhancement of PFC response in L
diet-fed mice cannot be ascribed to pre-
sensitization of the L diet-fed group with
cross-reacting antigens present in L because
only very low numbers of PFC per spleen
were found in nonimmunized mice and,
moreover, these did not differ between the
groups fed L or C diet (20). A possible
immune-enhancing effect produced by in-
testinal absorption of intact L molecules is
also unlikely for the following reasons: neo-
natal intestinal protéin uptake and trans-
port to the circulation has been shown to be
of importance in suckling mammals, but
direct observation of protein transport has
been more difficult in the adult (21). Our
studies show that the differential effect of L
and C protein on the immune response is
still present in 6-mo-old mice (the number
of PFC per spleen following 10° SRBC in
C3H mice fed L diet wat 156 + 3.6 x 107
and in those fed C diet it was 33 + 1.8
%10%). Moreover, the same marked differ-
ence in PFC responise was noticed when
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lactalbumin hydrolyzate or casein hydro-
lyzate (approx. two-thirds free amino acids
and one-third small peptides) were fed to
mice (20).

Because minerals and trace metals includ-
ing zinc (22) and copper (23) have been
found to influence the immune response, it
was felt important to analyze plasma level
of several minerals and trace metals in rela-
tion to dietary protein type. The study was
undertaken in view of the possibility that
the protein source might influence the rate
of absorption or the bioavailability (24) of
minerals and trace metals in spite of the fact
that identical amounts of minerals were
added in the two purified diets. Our data
clearly show no difference between the
groups fed two purified diets in the plasma
concentration of all of the five measured
minerals and trace metals. Our previous
study (1) had shown that the principal
factor responsible for the observed differen-
tial effect of dietary L and C on humoral
immunity was not the availability or con-
centration of single essential amino acids
but rather the composite effect of the spe-
cific amino acid distribution in the protein.
Our current data, showing that free plasma
amino acid levels essentially conform to the
amino acid composition of the ingested
protein, indicate that the diet-dependent
changes in plasma amino acid profile might
represent the crucial factor responsible for
the observed effect of protein type on the B
cell response.
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