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The synergistic interaction between malnutrition and infection has long
been recognized; not only is there a higher incidence of infection, but the mortality
rate for some infectious diseases is also higher in the malnourished than in the
well-nourished individual.! Both clinical observations and experimental animal
studies suggest that the malnourished subject responds to infection in a way different
from the well-nourished individual.®3 For example, there is a tendency for the
malnourished child to develop afebrile gram-negative septicemia. Likewise, when
localized infection spreads, it often does so with the development of gangrene
rather than suppuration.

The underlying mechanisms by which diet may alter the interaction between
host and invading agent are poorly understood and rather complex. This is not
entirely unexpected as the quality and the quantity of dietary intake are not the
only factors that affect the host defenses; the immunological status of the host and
the metabolism of the invading agents also come into play. Because of such com-
plications, this review will be focused on the effect of vitamin A deficiency on
secretory (local, mucosal) immune system, with special emphasis on findings con-
tributed from our group.

* Based on the Outstanding Scientist of Thailand Award Lecture, Bangkok, 18 August 1988.
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EFFECT OF COMPOUND MALNUTRITION ON SYSTEMIC HUMORAL IMMUNE
RESPONSE

This parameter of the immune system has been studied most frequently
in children with protein-calorie malnutrition (PCM). This is not only because the
humoral aspect is most thoroughly understood, but also because it can be readily
assessed. The integrity of the humoral immune response in man is most often
evaluated either by measuring the total levels of various classes of immunoglobulins
(IgG, IgA, IgM, IgD and IgE) or by observing the increase in antibody titer
following an appropriate antigenic stimulation. (e.g., tetanus toxoid, typhoid vaccine,
etc).

It was reported previously that the synthesis of globulin, unlike the synthesis of
albumin, was unaffected in PCM children.* This is consistent with reports that the
total levels of immunoglobulins in these children were not depressed.>> In fact,
an elevation was noted in some children at the time of admission. The latter is
largely due to the chronic infection that is commonly associated with this condition.
Because the total levels of immunoglobulins do not reflect the current status of
the humoral immune system, a number of investigators including our group, prefer
the alternative approach, i.e., analyzing antibody response to antigenic stimulation.
For this purpose, we immunized the children with a typhoid vaccine and the anti-
typhoid response was measured by an appropriate immunological method.® We
found that the PCM children who had already recovered following dietary treat-
ment responded more efficiently than the newly admitted PCM group (Fig. 1).
Altogether these observations suggest that the systemic humoral immune reactivity
of PCM children was impaired. However, it should be kept in mind that several
factors can influence the outcome of such a study. These include the severity of
the deficiency state and the previous immunological experience of the children to
the antigen under study.

In addition to immunoglobulins in the serum, we also analyzed immuno-
globulins in the secretions of PCM children. The reason behind this approach was
that these children often had surface infections (e.g., diarrhea, respiratory tract
infections)!* 7 & and secretory (mucosal, local) antibody is known to serve as a first
line of defense against these infections.’ Results presented in Figure 2 show that
the mean level of nasal wash fluid IgA of these children was significantly depressed
compared with that of well-nourished controls.? Subsequently, several other groups
of investigators have confirmed our observations.!!'!> For example, Chandrall
reported that, not only the total IgA levels, but also the titers of specific IgA
antibody produced in response to measles and poliovirus vaccines in the nasopharyngeal
secretions of malnourished children, were depressed. A similar observation was also
noted in the tears of other malnourished children.}? In contrast to the secretory
IgA (SIgA), the admission level of serum IgA of our malnourished children was
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markedly elevated.!” It was observed further that, in these malnourished children,
the elevated mean serum IgA level gradually declined following dietary treatment
(Fig. 3), while the depressed mean SIgA level slowly rose, approaching that of
the normal children several months later (Fig. 4). A reversed relationship between
the secretory IgA and serum IgA (but not other serum immunoglobulin isotypes)
in these children suggested that there was a defective transport of serum IgA from
blood or tissue fluid to external body secretions. Similar results were recently
reported in protein-deficient mice.!® Moreover, when the data from our PCM
children was analyzed further, it appeared that the depressed SIgA level in our
PCM children was more severe in those individuals also suffering from vitamin A
deficiency. These observations triggered our interest in the role of vitamin A in
the integrity of the secretory (mucosal, local) immune system.

INFLUENCE OF VITAMIN A STATUS ON THE IMMUNE SYSTEM

The association of vitamin A with the structural and functional integrity of
the immune system has long been suspected but the underlying molecular mechanism
for such an association is not well understood. Vitamin A is known for its functions
in vision, growth, reproduction and cellular differentiation.!”> !® The function of
vitamin A in vision appears to be different from that involved in other functions.
In fact, the existence of more than one metabolic function has been suggested from
the presence of two functionally active metabolic forms of vitamin A, i.e., retinol
and retinoic acid.!” The latter finding is consistent with the availability of two
different intracellular binding proteins for vitamin A transport, i.e., cytosol retinol
binding protein for vitamin A and cytosol retinoic acid binding protein for retinoic
acid.'” At a cellular level, vitamin A functions through an action on either the
nucleus or the cytoplasm. Within the nucleus, vitamin A may alter the expression
of genetic information to control cellular differentiation. Inhibition of neoplastic
transformation can also be attributed to its ability to modulate gene expression in
the nucleus.'”® At an extranuclear site, it may function at the cell surface. At a
molecular level, vitamin A is known for its role in regulation of the glycosylation
of newly formed glycopeptides and glycolipids.

With respect to its influence on the immune system, vitamin A is well
known for its property as an ‘‘anti-infective” agent. Although non-specific host
defense including phagocytosis and intracellular killing may be involved, our attention
will be directed at its function on specific host response to stimulation by various
microbial agents. Vitamin A deficiency is known to be associated with depressed
immunity to various types of infections and with increased susceptibility to tumor
induction.'®2! The incidence of certain types of cancer has been reported to be
high in a population with low vitamin A levels. In these individuals, depressed
delayed hypersensitivity, humoral response, natural killer cell activity and lympho-
proliferative response have been reported.'® 2223 On the other hand, supplementa-
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tion of diet with excess vitamin A or some of its analogues can enhance these
immune functions.!® Although the immunopotentiating property of vitamin A has
been recognized for quite some time,?3?% the underlying molecular mechanism of
vitamin A on the immune system has not yet been fully elucidated. In recent
years, its immunoregulatory action has been suggested to be associated with an
elevated number of helper T cells’’ and enhanced interleukin-2 production.?® More
recently, Smith and Hayes” showed that inefficient clonal expansion of responding
B lymphocytes might be responsible for contrasting impairments of IgM and IgG
responses observed in vitamin A deficient mice. They showed that the IgG response
was affected earlier and to a much greater extent than the IgM response. The data
presented was consistent with the notion that a functional helper T cell defect
may account for a less efficient clonal expansion of antigen-responsive B cells in
these deficient animals. However, such a conclusion must be made with caution as
several groups of investigators, including ours, have data suggesting that the influence
on the magnitude and the isotype of antibody produced depends in part on the
antigens used.

Epidemiological studies and clinical observations in humans and experimental
studies in animal models clearly show that vitamin A deficiency is associated with
increased susceptibility to, and severity of, infection by virtually all types of micro-
organisms and parasites.!” 19 This is particularly obvious for upper respiratory tract
infections and diarrhea. Although the interaction is rather obvious, the underlying
mechanism at a molecular level is lacking. The obstacle in studying this problem
is probably related to the fact that it is rather difficult to study vitamin A deficiency
in humans, as only rarely can one find these individuals in the absence of other
nutritional deficiencies. In the presence of multiple nutritional deficiencies, neither
the underlying mechanisms for increased susceptibility to infection nor the immuno-
regulatory function can be assigned to vitamin A, as protein, trace elements, and
other vitamin deficiencies also influence immunocompetence of the host.30-32
Moreover, uncomplicated vitamin A deficiency state is difficult to induce in animals
as the classical procedure involves long term feeding of the animals with a vitamin
A deficient diet, which is almost always accompanied by secondary inanition.

In humans, vitamin A deficiency is often assessed by serum vitamin A level
and/or ocular lesions (e.g., xerophthalmia and blindness). Using these criteria, a
majority of studies show a parallel between hypovitaminosis A and increased fre-
quency and severity of infections (for more extensive review, see references 1 and
19). It is obvious from these reviews that both microbial infections and parasitic
infestations are more common in humans with hypovitaminosis A and animals with
severe vitamin A deficiency state. However, restoration of vitamin A status may
or may not reverse the condition as impaired intestinal absorption of vitamin A
caused by concomitant intestinal infections cannot be ruled out. Therefore, from
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human studies it is difficult, if not impossible, to attribute the underlying defect to
vitamin A deficiency state. If vitamin A has a role in humoral and cell-mediated
immune responses, in phagocytosis and other non-specific components including
complement, a well controlled experimental animal model would allow a more
precise identification of the affected cell type and the underlying molecular
mechanism for the role of the vitamin in cellular functions. In the experiments to
be described, we employed rats rendered vitamin A deficient by a protocol enabling
the induction of vitamin A deficiency with minimal secondary inanition.33>3* Such
a protocol (Fig. 5) involved a cyclic retinoic acid supplementation-deprivation
feeding schedule (18:10 days). At least 4 such cycles were required to deplete the
animals of all their vitamin A reserves. With this protocol, the normal growth of
animals, as determined from weight gained, was supported totally by retinoic acid
and not vitamin A. The animals would then become vitamin A deficient within
4-6 days after the withdrawal of retinoic acid from their diet.>* The vitamin A
sufficient group serving as controls was given an excess does of retinyl palmitate
by stomach tube. Both groups were subsequently maintained on retinoic acid-free
diet until the experiment was terminated. The advantage of our rearing system is
the ability to determine very precisely the exact time of onset of the deficiency
state. However, one possible drawback that should be kept in mind is the integrity
of the lymphoid tissues of these retinoic acid-supported rats. It was reported recently
that retinoic acid may be inferior to retinol in supporting the growth of lymphoid
tissues but both forms were equally effective in restoring these defects.®

Employing the retinoic acid rearing system described above, our data clearly
demonstrated that uncomplicated vitamin A deficiency was undoubtedly associated
with a decreased resistance to infection, as shown by a higher incidence of bactere-
mia caused by bacteria of the normal intestinal flora of these animals.?® The
impaired bacterial clearance was most likely associated with a defective phagocytic
function. The latter is probably the result of an inherent cellular defect and not
of depressed opsonic activity in the serum as the complement activity of these
animals was not different from that of normal controls.’” Other lines of evidence
reported by several other groups of investigators also indicated a defective pha-
gocytosis at a cellular level.l» 26:31 These non-specific defects at a systemic level
may contribute to a shortened life span of vitamin A deficient animals.3® 3 Our
data is also consistent with the observations that the life span of vitamin A deficient
animals could be extended if these animals were maintained in a germ-free environ-
ment.*>> 41 An additional possible factor that may contribute to this phenomenon
is a failure of the local mechanism(s) to contain these indigenous bacteria within
the gut lumen, thus allowing a more than normal degree of invasion into the
underlying tissue. Although such a localized defect could be attributed to a defective
physical barrier of the epithelial cells whose integrity is known to be influenced
by vitamin A status, and to the quality and quantity of mucins produced by the
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goblet cells of these animals,*? an impaired local immune system should also be
suspected.

EFFECTS OF VITAMIN A DEFICIENCY ON THE LOCAL IMMUNE SYSTEM

Different lines of evidence suggest that vitamin A deficiency is associated
not only with an impaired non-specific host defense (as discussed in the previous
section) but also with a malfunctioning of the mucosa-associated lymphoid tissues
(MALT) whose major role is to provide specific defense at all mucosal surfaces.
It has been observed that the incidence of mucosal surface infections, e.g., diarrhea,
upper respiratory tract infections and, to a lesser extent, genitourinary tract infect-
ions, is high in populations with hypovitaminosis A.}? It is also not uncommon
to find these infections to be more severe than those encountered in vitamin A
sufficient population. The apparent defective local immune response in vitamin A
deficiency can be attributed to an improper development of MALT or of other
peripheral lymphoid tissues. To simplify the discussion, Table 1 shows a sequence
of events occurring following an exposure of immunocompetent lymphocytes to
incoming antigen. The function of these lymphocytes is completed following the
differentiation of lymphoblasts into plasma cells which in turn synthesize and secrete
antibodies of any immunoglobulin isotype (e.g., IgM, IgG or IgA) into blood
circulation. In order to transport some of these antibody isotypes to their destina-
tion in any external body secretion, these antibodies must first recognize and
complex with a membrane glycopeptide (secretory component---SC) synthesized by
either epithelial cells lining mucosal lumens or hepatocytes.”> 43 Therefore, the
integrity of these cells with regard to their ability to synthesize a functional SC is
a prerequisite for an efficient transportation of dimeric IgA (or other polymerized
immunoglobulins) to various body secretions, e.g., intestinal fluid, saliva, tears and
mammary gland secretions. The following circumstantial evidences implicate a
defective local immune function in a vitamin A deficiency state.

1. In contrast to other dietary deficiency states, vitamin A deficiency is
almost always associated with increased incidence and severity of infections caused
by virtually all types of infective agents.!

2. The infections that occur in this deficiency state are predominantly
associated with those occurring at mucosal surfaces.”> 8- 19, 20

3. Immunological aberrations at a systemic level appear to be less obvious
in uncomplicated vitamin A deficiency compared with severe protein-calorie malnu-
trition, 3032 # yet both groups appear to be just as susceptible to mucosal surface
infections, suggesting preferential damage at a more distant site or at MALT itself.

4. Deficiency of vitamin A superimposed on PCM aggravates the defect
even further.1?

5. Structural and functional integrity of the local immune system requires
intact epithelial cell functions which are known to be vitamin A dependent.!7-172
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POSSIBLE UNDERLYING MECHANISMS FOR A DEFECTIVE LOCAL IMMUNE
FUNCTION

The above discussion strongly suggests that vitamin A can influence the
status of the local immune system, particularly that concerned with IgA production
and secretion. Our initial interest in secretory IgA antibody led us to investigate
this important problem more syétematically, using our experimental vitamin A
deficient animal model.

We initially observed that immunoglobulin synthesis in our PCM children
was probably only moderately impaired judging from the mean levels of serum
immunoglobulins.® In fact, it was noted that the serum IgA levels in these children
were markedly elevated at the time of hospital admission.!?> 1% In contrast to IgA
levels in the serum, IgA levels in the nasal washes, also collected at the time of
admission, were considerably lower than those of normal children. The elevated
serum IgA levels gradually declined while the depressed secretory IgA levels slowly
returned to near normal following appropriate dietary treatment.!® 102 Qur initial
observations have been subsequently confirmed by other investigators using other
species of animals and human populations from other parts of the world.!> 10
Altogether, these observations strongly suggest that, in addition to other immune
defects, protein-calorie malnutrition adversely affects the integrity of the local
immune system. Furthermore, when we analyzed our data more critically, it became
obvious to us that such a defect was more severe in those superimposed with
vitamin A defi(:iency.10 The latter, therefore, is suggestive of the facts that (1)
vitamin A preferentially influences the integrity of the local immune function,
particularly regarding the quality and the quantity of IgA antibody produced and
(2) defective transport of IgA across mucosal barriers may account for the defective
secretory IgA system noted in this condition.

In order to distinguish between the different possible underlying mechanisms
for a defective SIgA system, we used vitamin A deficient rats reared by the
method mentioned in the previous section and fully described in detail elsewhere.33: 34
It should be recalled that in our rearing system, the animals were fed ad libitum
a retinoic acid-containing diet until such a time when the experiments were to be
performed. Using this experimental model, we found that vitamin A deficient rats
had depressed intestinal antibody response to dinitrophenylated bovine gamma
globulin stimulation.* Although in this particular study we had no direct evidence
to implicate a defective intestinal IgA system for the reduced antibody response
noted above, our data on depressed total intestinal IgA levels was consistent with
this notion (Fig. 6). However, we subsequently demonstrated that the depressed
IgA levels in these deficient animals were in fact related to an impaired synthesis
of IgA by the intestinal mucosa, as shown by an inefficient incorporation of radio-
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active amino acids into newly synthesized intestinal IgA.45 A reduced transportation
of serum IgA across the hepatocytes into the bile, which then empties into the
intestine (Fig. 7), lowered even further the overall IgA levels in the intestinal fluid
of these animals.*®

More recently, we attempted to narrow down further the possible underlying
mechanisms for such a defect. In the experiment to be described we therefore
bypassed the “M” cell function by injecting the antigens directly into the Peyer’s
patches of these animals.*® Moreover, employing both T-independent (Bacillus
abortus) and T-dependent (sheep red blood cells) antigens also allowed us to gain
information regarding the effect on the immunoregulatory mechanism of these
deficient animals, e.g., the integrity of T cell functions. The results presented in
Figure 8 show that the primary serum antibody response to the T-dependent anti-
gen, but not T-independent antigen, was adversely affected by vitamin A deficiency.
These observations suggest that the immunoregulatory mechanism involving a T
cell function may have been interfered with. This conclusion is consistent with the
more recent data obtained from vitamin A deficient mice that there appeared to
be a malfunctioning of helper-T cells, thereby accounting for an inefficient clonal
expansion of antigen-driven B cells responsible for making the antibody isotypes
that are T cell depe:ndent.29 In this set of experiments, a failure of antigen uptake
by the “M” cells (whose development and differentiation presumably depend on
vitamin A), if such existed at all, could be ruled out as we bypassed this step by
depositing both antigens directly into the Peyer’s patches.

Unlike the antibody responses in the serum, the antibody titers measured
in the bile of these animals were markedly depressed for both antigens. This
strongly indicated that the step involving the transportation of the antibodies across
the hepatocytes into the bile may be adversely affected by vitamin A deficiency.
Because in the rat the transport mechanism of IgA across the hepatocytes or
intestinal epithelial cells involves SC which serves as membrane receptors for IgA,
we therefore looked at this point for a possible defect in vitamin A deficiency.
Results from our immunofluorescence studies suggest that the molecular mechanism
for a defective IgA transport in vitamin A deficient rats may be related to an
impaired synthesis of the secretory component by the epithelial cells.** Unfortu-
nately, we did not have data regarding the SC status of hepatocytes. Nonetheless,
a reduced transport of intravenously administered dimeric serum IgA into the bile
of vitamin A deficient animals is consisent with our proposal.*® This is not surpri-
sing as an impaired synthesis of SC, which is a glycopeptide, can be expected
because one of the functions of vitamin A is to regulate glycoprotein synthesis.
In fact, it was reported earlier that the intestinal goblet cells of rats rendered
vitamin A deficient (by a cyclic retinoic acid supplementation-deprivation feeding
schedule as described herein) synthesized and secreted mucins that were quantita-
tively and qualitatively different from those of normal animals.*
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The diagram presented in Figure 9 summarizes the several possible under-
lying mechanisms by which a deficiency of vitamin A may interfere with the
structural and functional integrity of the mucosal immune system.

1. Antigen uptake, processing and presentation by “M” cells overlying the
Peyer’s paiches. Theoretically, these important functions can be adversely affected
by vitamin A deficiency as vitamin A itself is known for its function in differentia-
tion and maturation of epithelial cells.!”47 The ability of other antigen-presenting
cells to perform these functions has never been evaluated systematically in vitamin
A deficiency, although deranged phagocytosis and intracellular killing by phagocytic
cells from these animals have been reported.36 IL-1 production was found to be
depressed in PCM,* but whether or not it also occurs in vitamin A deficiency
has never been reported. However, our experiments designed to bypass the involve-
ment of “M” cells failed to support the possible interference at this step.46

2. Immunocompetence of mucosa-associated lymphocytes. The immunoregu-
latory mechanism for mucosal localization of immunocompetent lymphocytes pre-
committed to IgA production is highly complicated and has been reviewed else-
where.” 430 Because the IgA system is T-cell dependent, it is therefore suspected
that its development in the vitamin A deficiency state is adversely affected as it
has been shown clearly very recently that T helper cell functions were impaired in
the vitamin A deficiency state. Both thymus and bursa of Fabricius were previously
shown to be poorly developecl,30’ 35 and this by itself may account for a decreased
number of lymphocytes in the lamina propria of these animals.’?> We also observed
that the Peyer’s patches of our vitamin A deficient rats were considerably smaller
than those of vitamin A sufficient controls (unpublished observations). It has never
been analyzed in detail whether or not the fewer lymphocytes found at these
mucosal sites can bind antigens normally and be properly activated and proliferated
as those from normal animals. It is possible that the alteration of membrane glyco-
proteins of the lymphocytes from vitamin A deficient rats, as noted previously,!
may also include antigen receptors, which are also glycoprotein in nature. However,
this possibility remains to be determined as the role of carbohydrate on the T cell
antigen receptors has never been evaluated.

3. Lymphocyte proliferation and differentiation. It was shown recently that
clonal expansion of antigen-responsive B cells of vitamin A deficient mice was
rather inefficient due to dysfunction of helper T cells.?’ This is consistent with
the observations that, not only the thymus and the bursa, but also the secondary
lymphoid organs (i.e., spleen and peripheral lymph nodes) of these animals were
atrophic and poorly developed.®>3? It was mentioned earlier that the Peyer’s
patches of our vitamin A deficient rats were small compared with the vitamin A
sufficient controls. Moreover, these deficient animals had lymphopenia and abnormal
ratios of lymphocyte subpopulations.>® 33 Proliferative responses, of these lymphocytes
to mitogenic and antigenic stimulations have been noted by several groups of



170 J.Sci.Soc. Thailand, 14 (1988)

investigators.>>* Such a defective response is attributable to a depressed IL-2
production as vitamin A supplementation could enhance its production.?® Taken
together with the well known functions of vitamin A in modulating gene expression,
cellular differentiation and immunoregulation, we are inclined to suspect that this
stage of the immune response is adversely affected by the deficiency state.

4. Lymphocyte recirculation and tissue emigration. Following antigenic
stimulation, these mucosal lymphocytes now committed to IgA production migrate
via thoracic duct to the blood, spleen and liver; then they either return to the
gastrointestinal tract or localize at other distant mucosal sites.® " Several factors
have been proposed to be responsible for the homing mechanism of these potential
IgA-producing cells.” > In addition to the mucosal environment rich in microbial
antigens and mitogens, specialized receptors for circulating lymphocytes present on
high endothelium of post-capillary venules (HEV) and lymphocyte glycoprotein
membrane structure necessary for the recognition of HEV receptors may also be
involved, thus influencing the degree of mucosal localization of these lymphocytes.55
In an adoptive transfer experiment, McDermott and associates demonstrated that
the lymphocytes from vitamin A deficient animals migrated poorly to the lamina
propria of normal animal and suggested that a defect was most likely associated
with altered surface structure.®® On the other hand, Takagi and Nakano presented
evidence suggesting that altered lymphocyte migration to the mucosa in cases of
vitamin A depletion may be the result of a derangement of lymphocyte-trapping
mechanisms, e.g., HEV receptors, and not a change in the nature of lymphocytes
per se.”’ Although a reduced number of IgA-containing plasma cells in the lamina
propria of these animals has been occasionally reported, the data are not as con-
vincing as has been noted for PCM.8

5. Transportation of IgA to its destinations. Because of the tight junction
found in all mucous membranes, the IgA molecules cannot move freely from the
site of synthesis in the lamina propria or from blood circulation to mucosal lumens.
A specific transport mechanism has been recognized and this involves a binding of
dimeric IgA with receptor secretory component glycopeptide synthesized by, and
present on, the basolateral surface of mucosal epithelium, and, for some animal
species, on the sinusoidal surface of the hepatocytes.® 43 The IgA-SC complex is
endocytosed, transported in vesicles across the cytoplasm and finally secreted at
the apical surface or, in the case of hepatic transport, at the canalicular surface.
We have immunofluorescence results showing reduced staining for SC by the intes-
tinal epithelium of vitamin A deficient rats. This is not at all unexpected as
improper glycosylation of the SC synthesized by these cells may interfere with
the ability to function as carrier to transport IgA to mucosal lumen.** We felt
that the impairment involved quantitative rather than qualitative change as our
evidence, though limited, suggested that the SC synthesized by these deficient



J.Sci.Soc. Thailand, 14 (1988) 171

animals was immunologically indistinguishable from that synthesized by the normal
controls. A reduced level of free secretory component in the tears of malnourished
subjects>® is consistent with our proposal.

CONCLUDING REMARKS

It is felt that, of these possibilities, the last two mechanisms, i.e., lymphocyte
recirculation to mucosal sites and IgA transport across mucosal surfaces and hepa-
tocytes, are the most attractive ones. Because the earlier stages of the immune
response to T-independent antigens involve the production and secretion of serum
antibodies which were found to be minimally affected by vitamin A deficiency, a
defect of the secretory immune function should therefore involve the later stages
of antibody production. For example, primary antibody responses to T-independent
antigens (Bacillus abortus) in the serum of our vitamin A deficient rats were not
different from those of normal controls, and yet secretory antibodies were found
to be markedly depressed in the bile. Experiments involving de novo synthesis of
intestinal IgA and biliary excretion of administered radioactive dimeric serum IgA
are compatible with a defective transport of IgA to its destination in various body
secretions. Immunofluorescent staining of the intestinal sections for IgA showed a
slight reduction in the number of IgA-positive plasma cells in the lamina propria,
and in the intensity of staining for SC in the apical one-third of the epithelial cells.
Altogether our data suggest that an underlying molecular mechanism for a defective
secretory immune system in vitamin A deficiency state is related to an aberrant
transport of IgA across the mucosal surfaces or hepatocytes.

Different lines of evidence obtained by other groups of investigators also
narrow down the possibilities to these two mechanisms. Nevertheless, other under-
lying mechanisms including impaired cellular proliferation and differentiation as
well as deranged immunoregulation may also contribute to the impaired production
and secretion of secretory IgA antibody. The availability of more specific reagents,
e.g., monoclonal antibodies, and newer technologies currently available should allow
one to distinguish between these two underlying mechanisms.

Very recently retinoic acid, an analogue of vitamin A, was shown to
modulate immune responses by upregulating the expression of IL-2 receptors on
proliferating T ]ymphoblasts60 and by regulating their protein kinase C activity.61
Also protein deprivation could preferentially stimulate suppressor T cells that
suppress the IgA response after oral immunization®® as well as interfering with

lymphocyte migration.%?
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TABLE 1 Simplified sequence of events for antibody production

Antigenic stimulation

b 4
Antigen uptake, processing and presentation
by antigen-presenting cells
(e.g. macrophages)

A 4
Lymphocyte activation
A 4
Lymphocyte proliferation
A4

Differentiation into antibody-producing
plasma cells

A 4

Antibody secretion into blood circulation

Transportation of antibody to its
destination
(e.g. external secretions)

* An event below the dotted line represents an additional step required for the production of secretory
antibody. If the antigenic stimulation is initiated in the mucosa, following the activation step, these
lymphocytes must recirculate to any mucosal site prior to becoming plasma cells in lamina propria.
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Fig. 1 Antibody response (mean = SEM) of malnourished (PCM) and recovered PCM children to
typhoid vaccine. The vaccine was given on day 0 and antibody to typhoid H antigen was deter-

mined by a modified radioimmunoprecipitation technique. (Taken from reference 6)
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Fig. 2 Diagrammatic representations of total protein, secretory IgA (SIgA), IgG and albumin in the
nasal washings of children with protein-calorie malnurition (PCM) and of well-nourished controls.
Bars and lines represent mean + SEM; the number at the base of each bar represents the
number of children. Mean values were calculated from serial samples collected at intervals

during the 84-day hospitalization period. (Taken from reference 10a)
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Fig. 3 Serum IgA concentrations in PCM children. Horizontal line and shaded area represent mean * SEM
from normal children of same age group and from the same geographical area. Differences from
the mean of normal children at admission and on days 8 and 29 were statisticaily significant
(P<0.05). (Taken from reference 6)
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Fig. 4 Secretory IgA levels in the nasal washings of PCM children. Horizontal line and shaded area
represent mean + SEM (expessed as percentage of total nasal washing protein) from normal
children of same age and from the same geographical area. Differences from the mean of
normal children at admission and on days 1-2, 1-8 and 30-70 were statistically significant (P<0.05).
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Fig. 5 Protocol for rearing vitamin A-deficient rats. Weanling albino rats were fed ad libitum a vitamin
A-free diet for about 3 weeks before putting into retinoic acid cycle. The latter consisted of 18
days of retinoic acid (RA) supplementation and 10 days of RA deprivation. All vitamin A
reserves were depleted after 4 such cycles. The animals were then fed ad libium a diet contain-
ing low level RA (2 ug RA/g diet) for 1-2 weeks prior to being used in the experiment. Vitamin
A-deficient rats were generated by a complete withdrawal of RA from the diet and were sub-
sequently force-fed a RA-free diet until the end of the experiment (14 days). Vitamin A-sufficient
controls were given (by stomach tube) 1000 pg of retinyl palmitate 2 days prior to the ultimate
withdrawal of RA from the diet. Subsequently this control group was handled similarly to the
deficient group.
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Fig. 6 Intestinal IgA levels (mean * SEM) in vitamin A-deficient (A~, o) and control (A", e) rats
expressed as percentage of total intestinal fluid protein (bars and lines). (Taken from reference
44)
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Fig. 7 Biliary IgA levels (mean = SEM) in vitamin A-deficient (A~, o) and control (A*, ®) rats
expressed as percentage of total biliary protein (bars and lines). (Taken from reference 46)
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Fig. 8 The level of antibody in the bile and serum of A~ (O) and A* control (M) rats that received
a single injection of T-dependent sheep red blood cells (SRBC) and T-independent Brucella
abortus (Ba) antigens in the Peyer’s patches. Bars and lines represent mean + SEM; the
number at the base of each bar represents the number of specimens analyzed. (Taken from
reference 46)
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Fig. 9 Proposed mechanisms for the role of vitamin A in the development and functional integrity of
secretory immune system. Vitamin A deficiency may interfer at different stages following
appropriate antigenic stimulation, beginning with antigen uptake, processing and presentation
by “M” cells of the Peyer’s patches (Step 1), recognition of antigen by lymphocyte antigen
receptors (Step 2), proliferation and differentiation of activated lymphocytes (Step 3), lymphocyte
trapping and homing to mucosal sites (Step 4) and transportation of immunoglobulin across the
mucous membrane to the external secretions (Step 5)





