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Malnutrition and Immunity

Nutrition has an important role for the functioning of the immune
system. Both macro and micronutrients are used by the immune
system for the synthesis of DNA, RNA and protein.’

But, in India greater population are at risk of multiple nutrient
deficiencies as reported by Indian dietary surveys and protein is one
ofthem.’

About 4%-26% of the population, based on age and region, are
atrisk of quality protein deficiency.’

e This nutritional deficiency is related with impaired immune
responses mainly cell-mediated immunity, cytokine production,
secretory antibody response and affinity. Hence, under-
nutrition has a strong impact on the immune system which is a
major factor of immunodeficiency and thereby to higher
infection rates.’

A Worldwide, malnutrition is considered to be an important
cause of immunodeficiency, affecting about 50% of the
population.’

A Worldwide, around 6 million children die each year due to
infections caused by malnutrition due to breakdown in the
immune system.’
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Malnutrition is a serious health problem common in
many parts of the world. Protein energy malnutrition
(PEM) is the most common form of malnutrition.’

Globally, PEM affects some 800 million people, including
over 150 million children <5 years of age, most of them
in developing countries.’

Protein calorie malnutrition impairs the immunity with
detrimental effects on the T-cell system which increases
infection and further morbidity and mortality in
hospitalized patients.’

Malnutrition, Immunity and Infection Cycle

Malnutrition can make a person more susceptible to
infection, and infection can contributes to malnutrition,
which results in a vicious cycle that leads to the two
entities benefiting from each other (Figure 1).

A First one: Synergistic effect which happens when an
infection worsens the malnutrition or when the
malnutrition decreases the immune response to
infection.

A Second effect: Antagonist mechanism which occurs
less frequently. This occurs when malnutrition
decreases the multiplication of the agent.?

Worldwide, malnutrition—infection complex is
associated with significant morbidity and mortality.’

Deficiency of even single nutrient can also alter the
immune responses.® To reduce the risks of diseases and
stay healthy, natural defence system or immunity of the
body should be strengthen which can be done by the
adequate intake of protein.*

Protein

Protein is a macronutrient required for the
development, maintenance and repair of the body cells.
Insufficient protein can cause various health problems
such as kwashiorkor, marasmus, impaired mental
health, oedema, organ failure, wasting and shrinkage of
muscle tissues, and weakness ofimmune system.’

Most of the immune mechanisms depend on
production of active protein compounds or cell
replication.’ Immunoglobulin, or antibodies are formed

e

Impaired cell-mediated immunity

Figure 1: Relationship between malnutrition, infection and immunity.’

Increased risk of infection

~

services
Illiteracy

Immunity Infection
\ g Immune parameters affected
= °§ = by malnutrition
[ Malnutrition D g & > Thymus size |
3 S s Effector T-cells |,
/ A S B-cell
Inadequate dietary I Disease 1 Th2 cytokines T
intake +— Th1 cytokines |,
\ . Insufficient /v
Poverty | health )




with the help of proteins which helps in fighting against
infection.” Immune system function decreases in
protein deficiency.*

Caseinand whey protein are the major proteins of milk.
Casein

Casein is the major protein in the milk, constitutes
approximately 80% of the proteins.” It is the principal
source of amino acids.” It have been classified as a-, B-
and k-caseins.”

Casein proteins and its fragments regulates the immune
response and function as antiviral and immune
regulatory factors by both up-regulation to enhance
killing of viruses, and down-regulation to reduce
detrimental conditions.” Some of the functions of casein
are-

A Promotesthe release of cytokines.
A Regulates haematopoiesis and immune response.

A Inhibit the proliferation and induce the differentiation
of leukaemiacells.”

Peptides derived from casein possess various
physiological roles, such as opioid-like features,
immune-stimulation, anti-hypertensive, antibacterial
and antiviral effect and also enhances calcium
absorption. Its peptides includes -

A Opioid peptides

A Antihypertensive peptides

A Casein phosphopeptides (CPPs)

A Glycomacropeptide (GMP)

A Lactorphins

/Figure 2: Bioactive peptides from caseins involved in N
the immune functions.”
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B-casomorphin-7 and B-casomorphin-10 derived from
bovine-casein stimulate proliferation of human
peripheral blood lymphocytes as reported by Kayser and
Meisel.”

The digestive process of caseins releases its bioactive
peptides which are involved in the inhibition or
activation of the immune response by acting as agonists
or antagonists of opioid receptors.”

A Casein phosphopeptides may be of practical use in
enteral diets as an immunostimulator to enhance
mucosal immunity and host defense.”

A Hadden et al. 1991 reported that some peptides
from k-casein and a-lactalbumin are used inimmune
therapy of human immune deficiency virus
infection.”

Different casein hydrolysates found to have either
proliferation increasing or inhibiting effects, showing
remarkably different immunomodulating properties’’
(Table 1).

Table 1: Immune activities of peptides and protein hydrolysates from caseins.”

Casein Derived peptide Function

asl-Casein | Trypsin-derived f194-199 C-terminal | Promotes antibody formation and accelerate phagocytosis in vitro

K-Casein Pepsin/trypsin-derived peptides Enhances mitogen-induced proliferation of human lymphocytes in vitro

B-Casein FLAb Immunomodulatory activity that might be related to interactions with monocytes-macrophages and
T-helper cells, especially Th-1-like cells in vitro

B-Casein f193-209 Upregulates MHC class Il antigen expression on bone marrow-derived macrophages, increasing their

phagocytic activity, and induces only a low level of cytokine release

3-Casein HLGG

Suppresses the proliferation of lymphocytes




Amino Acids

Proteins are made up of thousands of smaller units
called amino acids.” For the immune response, muscle
protein breakdown to give amino acids for synthesizing
new cells, proteins, and peptides. Also, Immune system
can use amino acids as a fuel either directly, or by their
conversion to other amino acids (e.g., glutamine) or to
glucose.

Human immune cells incorporate branched chain amino
acids (BCAA) into proteins. For example, isoleucine
incorporation is greatest into lymphocytes, followed by
eosinophils, and neutrophils. The essentiality of BCAAs
for immune cells relates to protein synthesis. Since, the
immune system highly depend on protein synthesis for
the generation of-

A Newcells

A Antigen-presenting machinery

A Immunoglobulin

A Cytokines

A Cytokinereceptors

A Acute phase proteins, etc.

These protein synthesis does not occur due to the
insufficient BCAAs and so will prevent an optimal
immune response from being mounted.”

Amino acids has an important role in regulation of the
body's immune response. Deficiencies in certain amino
acids can result in decreased immune function and a
greater chance of developing serious infections. Thus, it
is important to maintain sufficient levels of amino acids
inthe body which can be done either through a balanced
diet or with the use of specific supplements depending
ontheindividual.

Currently, amino acids are in use to combat certain
diseases which can affect various body systems. It is
effective in reducing symptoms without the adverse side
effects of addictive drugs and medications. The 3
common amino acids found in the body are glutamine,

arginine, and cysteine which have important functions.”
Glutamine

Glutamine is the most abundant amino acid in the
human body and after glucose it is the most important
nutrient for cellular proliferation.” Glutamine is utilised
ata highrate by cells of theimmune system.™

Therole of glutamine intheimmune system are —

A Tosupport optimal lymphocyte proliferation — B-cell
differentiation to plasma cells and proliferation of

18,20

T-cells (Figure 3).

A Regulate the rate of IL-2 production and IL-2
receptor expression.”

A Production of cytokines by lymphocytes and
macrophages.

A Macrophage-mediated phagocytosis is affected its
availability.”

The lowered plasma glutamine concentrations can
contributes to the immunosuppression.”’ Several
glutamine-dependent immune responses are disturbed
in subjects with low plasma glutamine levels.*
Supplementation of glutamine after bone marrow
transplant, the number of lymphocyte, T-lymphocyte,
CD4+and CD8+increases."

Thus, a reduced availability of glutamine can increase
the susceptibility of humans to infectious diseases by
impairing immune function.”

Arginine

Arginine is a non-essential amino acid which plays a key
role in the various biological processes including the
immune response.” Dietary arginine supplementation
are often used to boost the immune system.” The role of
arginineintheimmune system are-

A Enhances lymphocytic progress and phagocytosis,
and speeds up wound healing.*

A T-lymphocytes proliferation and z-chain peptide.
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A T-cell receptor complex expression, and memory
T-cells development.”

A Enables normalization of T-cell response after
serious surgical procedures and traumas.’

It's depletion can suppresses the T-cell proliferation,
impaired T-cell functionality and number of T-helper
cells decreases™ (Figure 3).

Arginine supplementation can reverse the impaired
T-cell function suggesting its immunomodulation
capacity.”

Cysteine

A Cysteineisanotheramino acid in chain important for

T-cells, as it is a precursor of the tripeptide
glutathione.” (Figure 3)

A Cysteine is necessary for synthesis of proteins,
glutathione and coenzyme A.

A |t has been identified as rate limiting for cell growth
and proliferation of lymphocytes.

A Number of studies had reported role of cysteine in
regulating the proliferation of T-cells.”

Insufficient protein in the diet can adversely affect the
immune system, particularly on the T-cell system.
Supplementation of these amino acids can significantly
increase one's capacity to resist infections.™

Figure 3: Regulation of T-cell immune responses modulated by amino acid availability.*
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