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Review

Understanding the Immune System’s Intricate
Balance: Activation, Tolerance, and Self-Protection

Wan-Chung Hu*

Department of Medical Research and Clinical Pathology, Taipei Tzu Chi Hospital, Buddhist Medical Tzu Chi
Foundation, No. 289 Jianguo road, Xindian district, New Taipei City, Taiwan; Wanchung. Hu09@gmail.com

Abstract: The mechanism of immune activation and de-activation is very important. Host should
trigger effective immunity against pathogen infection. And, host cannot trigger immunity against
self-antigens that will lead to detrimental autoimmune disorders. Spleen and liver have opposite
roles in mediating immune responses. Spleen is the organ involving in immune activation, and liver
is the organ involving in immune de-activation. Sympathetic nerve system and parasympathetic
nerve system have opposite roles in mediating immune responses. Sympathetic nerve system is
involving in pro-inflammatory, and parasympathetic nerve system is involving in anti-
inflammatory. ACTH and glucocorticosteroid have opposite roles in mediating immune responses.
ACTH is involving in activating adaptive immunity with inhibiting innate immunity, and
glucocorticosteroid is involving in activating innate immunity with inhibiting adaptive immunity.
The molecular chaperons, heat shock proteins, which are induced by fever, have the vital roles in
immune activation. On the contrary, IgD B cells and gamma-delta T cells are causing immune de-
activation via the mechanism of clonal anergy. These mechanism can help us the know the work of
immunological pathways better for better control of infectious diseases and autoimmune disorders.
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Background

Our immune system is a remarkable defense network, meticulously evolved to protect us from
a vast array of threats while maintaining a delicate balance with our own cells and tissues. At its core,
this intricate system employs two distinct mechanisms: the eradicable immune response, a powerful
offensive against pathogens, and the tolerable immune response, a more measured approach to
persistent challenges[1-4]. Together, these mechanisms orchestrate an intricate dance of cellular
interactions, antibody production, and regulatory controls, ensuring our survival while preventing
autoimmune disorders.

The Eradicable Immune Response: A Formidable Arsenal

When confronted with harmful invaders such as viruses, bacteria, parasites, or even malignant
cells, the body unleashes its most potent defense: the eradicable immune response. This multifaceted
approach is driven primarily by a class of antibodies known as Immunoglobulin G (IgG), produced
by specialized B cells with the assistance of follicular helper T cells (Tfh)[1,2].

The Tth cells, distinguished by their expression of the CXCR5 chemokine receptor and their
secretion of interleukin-21, play a crucial role in initiating this response. They aid B cells in the
germinal centers to undergo class-switching from the initially produced IgM antibodies to the more
powerful IgG antibodies, a process mediated by the cytokine interleukin-21. Key transcription
factors, such as BCL6 and STAT5B, orchestrate this intricate cellular choreography. Another subset
of follicular helper T cells, Tfh13, is involving in inducing Th2b immunological pathway[2,4].

Within the eradicable immune response, there are four distinct branches, each tailored to combat
specific types of pathogens:
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The Thl immunity is combating Intracellular Invaders. This pathway is the body's primary
defense against intracellular microorganisms, such as certain bacteria, protozoa, and fungi. It
involves a coordinated effort among various immune cells, including type 2 myeloid dendritic cells,
type 1 innate lymphoid cells, type 1 macrophages, IFN-y-producing CD4 T cells, CD8 T cells, type 1
invariant natural killer T cells, and IgG3 B cells. Driven by the cytokine interleukin-12 and governed
by the transcription factors STAT4 and STATI1, the key effector cytokine, IFN-y, activates M1
macrophages to generate free radicals that can kill ingested intracellular pathogens. This pathway is
associated with type IV delayed-type hypersensitivity reactions.

The Th2 immunity is defending against parasites that is subdivided into Th2a and Th2b. This
pathway is the body's primary defense against parasitic infections. The Th2a pathway combats
endoparasites like helminths (worms), involving Langerhans cells, type 2 interleukin-25-inducing
natural innate lymphoid cells, inflammatory eosinophils, mast cells-tryptase, interleukin-
4/interleukin-5-producing CD4 T cells, iNKT?2 cells, and IgG4 B cells. The Th2b pathway, on the other
hand, targets ectoparasites like parasitic insects, employing Langerhans cells, type 2 interleukin-33-
inducing inflammatory innate lymphoid cells, basophils, mast cells-tryptase/chymase, interleukin-
4/interleukin-13-producing CD4 T cells, iNKT2 cells, and IgE B cells. Both pathways are driven by
interleukin-4, interleukin-5 (Th2a), and interleukin-13 (Th2b), along with the transcription factors
STAT6 and STAT1 (Th2a) or STAT3 (Th2b). These pathways are associated with type I allergic
hypersensitivity reactions, with Th2a linked to IgG4-dominant allergies and Th2b linked to IgE-
dominant allergies.

The Th22 immunity is battling extracellular pathogens. This pathway is the body's line of
defense against extracellular microorganisms, such as certain bacteria, fungi, and protozoa. It
involves type 1 myeloid dendritic cells as antigen-presenting cells, type 3 NCR+ innate lymphoid
cells, neutrophils, interleukin-22-producing CD4 T cells, and IgG2 B cells. Driven by interleukin-1,
interleukin-6, and TNF-a, and governed by STAT3 and STAT4, this pathway relies on the effector
cytokine interleukin-22 to activate neutrophils, including phagocytosis and necroptosis, to destroy
extracellular pathogens through mechanisms like free radical generation and membrane lipid
peroxidation. This pathway is associated with type IIl immune complex-mediated hypersensitivity
reactions.

The Thap immunity is defending against infectious particles. This pathway is the body's defense
against infectious particles, such as viruses and prions. It involves plasmacytoid dendritic cells as
antigen-presenting cells, interleukin-10-producing innate lymphoid cells, NK cells, interleukin-10-
producing CD4 T cells, CD8 T cells, and IgG1 B cells. Driven by type 1 interferons and interleukin-
10, and governed by STATI, STAT2, and STATS3, this pathway utilizes interleukin-10 as its key
effector cytokine. The primary effector mechanism is antibody-dependent cellular cytotoxicity
(ADCC), where NK cells, armed with IgG1 antibodies, can induce apoptosis in virus- or prion-
infected cells, disrupting the replication and propagation of these infectious particles. This pathway
is associated with type II antibody-dependent cellular cytotoxic hypersensitivity reactions[3,5].

The Tolerable Immune Response: A Balanced Approach

While the eradicable immune response is a potent defense mechanism, there are times when
complete eradication of a pathogen may cause severe organ damage or failure. In such situations, the
body employs a more measured approach known as the tolerable immune response. This response
is predominantly driven by regulatory CD4+CD25+ T cells (Treg cells) and is characterized by the
production of Immunoglobulin A (IgA) antibodies[1,2,4].

The Treg cells, expressing the transcription factor FOXP3, secrete the cytokine TGF-{3, which
activates the STAT5 and STAT6 transcription factors, initiating the tolerable immune response. TGF-
[ also plays a crucial role in inducing B cells to undergo class-switching from IgM to IgA antibodies.
Other key players in this response include regulatory dendritic cells, regulatory B cells, and
regulatory innate lymphoid cells.

Similar to the eradicable immune response, the tolerable immune response can be further
subdivided into four distinct pathways:
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The Th1-like immunity is tolerating intracellular pathogens. This pathway is the body's tolerable
response to intracellular microorganisms, such as certain bacteria, fungi, and protozoa. It involves
type 2 myeloid dendritic cells as antigen-presenting cells, type 1 non-cytotoxic innate lymphoid cells,
macrophages, IFN-y/TGF-B-producing CD4 T cells, CD8 T cells, iNKT1 cells, and IgA1 B cells. Driven
by interleukin-12 and TGF-(, this pathway is associated with type IV delayed-type hypersensitivity
reactions.

The Th9 immunity is tolerating parasites. This pathway is the body's tolerable response to
parasitic infections, encompassing both endoparasites (helminths) and ectoparasites (insects). It
involves Langerhans cells as antigen-presenting cells, TSLP-inducing type 2 innate lymphoid cells,
regulatory eosinophils, basophils, mast cells, interleukin-9-producing CD4 T cells, iNKT2 cells, and
IgA2 B cells. Driven by interleukin-4 and TGF-p, this pathway is associated with type I allergic
hypersensitivity reactions.

The Th17 immunity is tolerating extracellular pathogens. This pathway is the body's tolerable
response to extracellular microorganisms, such as certain bacteria, fungi, and protozoa. It involves
type 1 myeloid dendritic cells as antigen-presenting cells, type 3 non-cytotoxic innate lymphoid cells,
neutrophils, interleukin-17-producing CD4 T cells, iNKT17 cells, and IgA2 B cells. Driven by
interleukin-6 and TGF-$3, this pathway is associated with type III immune complex-mediated
hypersensitivity reactions.

The Th3 immunity is tolerating infectious particles. This pathway is the body's tolerable
response to infectious particles, such as viruses and prions. It involves plasmacytoid dendritic cells
as antigen-presenting cells, interleukin-10-producing innate lymphoid cells, NK cells, interleukin-
10/TGF-B-producing CD4 T cells, CD8 T cells, and IgA1 B cells. Driven by TGF-f and interleukin-10,
and governed by STATI, STAT2, STAT3, and STATS5, this pathway is associated with type II
antibody-dependent cellular cytotoxic hypersensitivity reactions.

The Spleen and Liver: Opposing Roles in Inmune Regulation

The spleen and liver are two crucial abdominal organs that play opposing roles in immune
activation and deactivation. Splenectomy, the removal of the spleen, is sometimes performed in
severe autoimmune hematological disorders like immune thrombocytopenia. However, this
procedure can leave patients more susceptible to infections, especially those caused by encapsulated
bacteria such as streptococcus, meningococcus, or Hemophilus.

The spleen is a key organ for immune activation, producing IgM antibodies against bacterial
infections. Within the spleen, white pulps contain B lymphocyte germinal centers, while the
surrounding red pulps house macrophages that digest old red blood cells and platelets. When
bacterial antigens enter the lymph or blood drainage to the spleen, the organ can sense these antigens
and activate B cells to produce IgM antibodies.

Immature B lymphocytes are formed in the bone marrow and enter the spleen for further
maturation, potentially becoming spleen marginal B-2 lymphocytes that produce T cell-independent
IgM antibodies against bacterial polysaccharide or glycolipid antigens. This explains why
splenectomy can increase the risk of infections by encapsulated bacteria with polysaccharide
antigens. In the spleen's white pulps, follicular B-2 lymphocytes also react to T cell-dependent
antigens to produce IgM and later IgG antibodies.

In the red pulps, macrophages provide additional immune stimulation. The degraded products
of digested red blood cells, including hemoglobin and heme constituents, act as potent immune
stimulants, aiding in the maturation and activation of B-2 cells to produce IgM antibodies[6—8]. The
spleen is also home to resident memory IgM B cells and abundant heme oxygenase (HO-1) in its
macrophages[8].

Heme oxygenase (HO-1) catalyzes the breakdown of heme into ferrous iron, carbon monoxide,
and biliverdin, which readily becomes bilirubin[9,10]. These end products — carbon monoxide,
biliverdin, and bilirubin — act as immunosuppressants, with carbon monoxide exhibiting anti-
inflammatory properties in contrast to the immune-stimulating effects of nitrogen monoxide
generated by induced nitric oxide synthase (iNOS)[11].
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After leaving the spleen macrophages, bilirubin has a strong affinity for serum albumin and is
transported to the liver through the spleen vein. Along with IgM antibodies generated from the
spleen's white pulps, these molecules enter the liver's portal vein system, joining the inferior
mesenteric vein and superior mesenteric vein, which carry digested food constituents from the
stomach and intestines.

Once in the liver, the portal veins become sinusoid vessels containing Kupffer macrophages.
These cells digest antigen-IgM antibody complexes, neutralizing bacterial pathogens that may have
contaminated food contents. They also clear antigen-IgG antibody complexes produced by spleen
follicular B-2 cells, explaining the hypogammaglobulinemia observed in chronic liver disease with
Kupffer cell dysfunction.

Safe, digested food contents are not engulfed by Kupffer cells but metabolized into useful
molecules within the liver. The liver also contains yd T cells that mediate clonal anergy, a process that
will be discussed later. Additionally, the unconjugated bilirubin becomes water-soluble and
conjugated in the liver, aiding in the process of clonal anergy to food molecules.

Thus, the liver serves as the major organ for inducing food antigen tolerance, preventing
immune reactions to common food components such as small peptides or glycolipids. Bilirubin, with
its immunosuppressive effects, can be stored in the gallbladder and secreted into the intestine, further
contributing to clonal anergy of intestinal Yo T cells against food antigens.

Most conjugated bilirubin in the large intestine is metabolized by intestinal bacteria to
urobilinogen, which can be reabsorbed and re-secreted in the enterohepatic circulation. Bilirubin's
immunosuppressive effects may explain why liver failure patients with elevated bilirubin levels have
higher incidences of sepsis, as its normal physiological function involves immune modulation.

The intestine also plays a role in mucosal immune reactions. The Peyer's patch in the intestine
allows B lymphocytes to produce tolerable IgA antibodies against bacterial antigens from the
intestinal tract. The resulting IgA-bacterial antigen complexes do not enter the inferior mesenteric
vein or superior mesenteric vein, preventing an increase in IgA levels in the portal vein.

The Autonomic Nervous System: Striking the Chord of Inflammation

The autonomic nervous system, with its two major components — the sympathetic and
parasympathetic branches — plays a vital role in immune regulation, akin to a skilled musician fine-
tuning the resonance of a stringed instrument[12,13]. The sympathetic nervous system, fueled by the
neurotransmitters dopamine, epinephrine, and norepinephrine, strikes a pro-inflammatory chord,
amplifying the body's defensive response[14-19].

Dopamine, in particular, takes center stage as the key mediator in triggering follicular helper T
cells, the initiators of the eradicable host immune responses[20]. Like a virtuoso conductor, dopamine
orchestrates the intricate dance of cellular interactions that culminate in the production of powerful
IgG antibodies, the body's frontline soldiers against invading pathogens. Norepinephrine is the next
synthesized molecule after dopamine, and it has the potential to promote Thaf anti-viral immunity
while suppressing Th1 anti-intracellular micro-organism immunity[21-23]. Finally, epinephrine has
the potential to promote Th22/Th17 anti-bacterial immunity while suppressing Th2 anti-parasite
immunity[24-30]. Sympathetic nerve system is activated in emergent situations like virus or
extracellular bacterial infection. Thus, Tha and Th22/Th17 immunities are up-regulated in
sympathetic nerve system activation while sacrificing more chronic Th1 or Th2 immunities.

The sympathetic nervous system's influence extends further, promoting the various arms of the
immune response — Thl, Th2, Th17, and Thaf — akin to a maestro coaxing forth a symphony of
defensive melodies[19,31-33]. However, like all great compositions, there exists a delicate
counterpoint — a negative feedback loop that tempers the exuberance of autocrine catecholamines,
preventing unchecked lymphocyte proliferation[12,34].

In contrast, the parasympathetic nervous system, with its cholinergic nerves, takes on the role of
the soothing balladeer, tempering the inflammatory fervor with its anti-inflammatory melodies. The
cholinergic anti-inflammatory pathway acts as the efferent, or motor arm, of the inflammatory reflex,
the neural circuit that responds to and mediates the inflammatory response[35].
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The vagus nerve, the tenth cranial nerve, serves as the conductor's baton, innervating the celiac
ganglion, the site of origin for the splenic nerve. Its efferent stimulation slows the heart rate, induces
gastrointestinal motility, and, perhaps most importantly, inhibits the production of the pro-
inflammatory cytokine TNFa in the spleen.

The neurotransmitter acetylcholine, released by the efferent pathway of the vagus nerve, acts as
the soothing soloist, interacting with the a7 subunit of the nicotinic acetylcholine receptor (a7
nAChR) expressed on the cell membranes of macrophages and other cytokine-secreting cells.
Through this intricate dance of molecular interactions, acetylcholine activates intracellular signal
transduction pathways, effectively silencing the release of pro-inflammatory cytokines[36].

Acetylcholine's influence extends further, inhibiting the various arms of the immune response —
Th1, Th2, Th17, and Thap — in a harmonious counterpoint to the pro-inflammatory melodies of the
sympathetic nervous system[37,38]. Moreover, acetylcholine engages in an augmented interaction
with TGFB, a potent immunomodulatory cytokine for initiating tolerable immunities, further
reinforcing its role as the soothing balm in the symphony of immunity[39,40].

It is worth noting that the opposing forces of the sympathetic and parasympathetic nervous
systems are not mere discord but rather a delicate interplay, a harmonic tension that underpins the
exquisite balance of the immune response. The sympathetic nerve employs cyclic AMP (cAMP) as its
intracellular second messenger, while the parasympathetic nerve utilizes cyclic GMP (cGMP)[41-43].
Though both are derived from purines, the direction of their NH2 groups is opposite, akin to the
complementary tones of a major and minor chord.

This natural competition between cAMP and ¢cGMP, mediated by their respective effector
proteins — protein kinase A and protein kinase G — governs the intricate interplay between the two
autonomic branches[44-46]. The substrate amino acid sequence consensus motifs for these kinases,
while sharing similarities, bear subtle distinctions, akin to the nuanced phrasing that separates a
masterpiece from a mere melody.

Ultimately, the sympathetic nerve system, with its pro-inflammatory "fear-or-fight" posture, and
the parasympathetic nerve system, with its anti-inflammatory "rest and digest" disposition, strike a
delicate harmony, regulating the body's inflammatory response with the precision of a finely tuned
orchestra.

The Endocrine System: Modulating the Tempo of Immunity

Like a skilled composer weaving multiple instruments into a cohesive whole, the endocrine
system, through the intricate interplay of hormones, modulates the tempo and intensity of the
immune response. At the heart of this intricate symphony lies the hypothalamic-pituitary-adrenal
(HPA) axis, a tripartite ensemble that orchestrates the delicate balance between inflammation and
immunosuppression.

The hypothalamus, the conductor's podium, initiates the performance by secreting
corticotropin-releasing hormone (CRH), a signal that stimulates the pituitary gland to release
adrenocorticotropic hormone (ACTH). ACTH, in turn, acts as the rousing crescendo, prompting the
adrenal cortex to secrete glucocorticosteroids, the potent immunosuppressants that form the
backbone of the stress response.

Glucocorticosteroids, akin to a masterful soloist, exert a profound and far-reaching influence on
the immune system. Their primary function is immunosuppression, a carefully modulated restraint
that prevents the body's defensive forces from spiraling into unchecked autoimmunity. Yet, like all
great performances, there are intricate nuances and counterpoints.

Glucocorticosteroids, while suppressing adaptive immunity, simultaneously upregulate the
body's innate defenses, a strategic maneuver akin to a composer shifting the emphasis from one
section of the orchestra to another[47-49]. This deft touch allows the body to mount a rapid, non-
specific response to acute infection, particularly bacterial threats, through the upregulation of
neutrophils and other innate immune cells[50].

However, this shift in emphasis comes at a cost — the profound suppression of lymphocytes, the
very cells that orchestrate the body's adaptive, antigen-specific defenses. It is a calculated trade-off, a
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strategic sacrifice of specificity for the sake of immediate survival, a testament to the intricate
choreography that underpins the immune response.

Yet, like all great compositions, there exists a delicate balance, a counterpoint that prevents the
performance from spiraling into dissonance. The HPA axis employs a negative feedback loop, a self-
regulating mechanism akin to a conductor subtly adjusting the tempo and dynamics of the orchestra.
Increased glucocorticosteroid levels suppress the production of ACTH, modulating the intensity of
the stress response and preventing an unbridled crescendo of immunosuppression.

The interplay between ACTH and glucocorticosteroids is itself a delicate counterpoint, a
harmonic tension that underpins the exquisite balance of the immune response. While
glucocorticosteroids suppress adaptive immunity, ACTH stimulates lymphocyte activity,
upregulating the very defenses that its hormonal counterpart seeks to restrain[51,52]. This opposing
force, reminiscent of the tension between major and minor keys, is a testament to the intricate
choreography of the endocrine system's influence on immunity.

ACTH's influence extends further, inhibiting Th17-like innate immune reactions, a subtle
modulation akin to a skilled composer introducing unexpected harmonic progressions[53-56]. This
delicate interplay between ACTH and glucocorticosteroids, a Yin-Yang regulation of endocrine-
mediated immune control, ensures that the body's defensive forces remain poised, neither
overreacting to innocuous threats nor succumbing to unchecked autoimmunity.

While CRH, ACTH, and glucocorticosteroids form the core ensemble of the HPA axis, the
performance is enriched by the contributions of other hormonal soloists. CRH, the conductor's
opening cue, can induce innate immunity through the upregulation of pro-inflammatory cytokines,
a stirring prelude that sets the stage for the ensuing immune response[57-60].

However, like all great compositions, there are intricate nuances and counterpoints that prevent
the performance from becoming a mere cacophony of sound. CRH's influence is primarily restricted
to the central nervous system, its role in the systemic circulation less pronounced than that of its
hormonal counterparts, ACTH and glucocorticosteroids.

Immune Activation: The Clarion Call to Arms

When the body encounters a pathogenic threat, a clarion call resonates through its cellular
symphony, a signal that mobilizes the intricate machinery of the immune system. This call to arms
takes the form of a fever, a carefully orchestrated rise in core body temperature above the normal
37°C, a strategic maneuver that activates a crucial ensemble of molecular players — the heat shock
proteins.

At the cellular level, heat shock proteins assume the role of sentinels, their activation triggering
a cascade of defensive responses that culminate in the generation of adaptive immunity, including
the production of vital antibodies[61]. These molecular chaperones, including HSP60 and HSP70,
bind to newly synthesized proteins, facilitating their proper folding and ensuring the generation of
suitable antigens to trigger the adaptive immune response. HSP70 can help HSP60 and HSP10 to
form a barrel-like structure which aids protein folding. HSP70 also helps to translocate unfolding
proteins. The chaperon-assisted protein folding needs ATP energy. Thus, protein folding by chaperon
aid occurs in a special situation. Majority of proteins are folded spontaneously in normal situations.

In the face of viral invasion, a particularly insidious threat, the heat shock proteins of the host
cell bind to the newly synthesized viral proteins, ensuring their proper three-dimensional structure
independent of the viral nucleic acids. This strategic maneuver sets the stage for the next critical step
— the activation of the immunoproteasome, a specialized molecular complex that digests the
pathogenic proteins, generating the precise peptide antigens necessary for antigen presentation, T
cell recognition, and ultimately, antibody production.

The heat shock proteins' influence extends beyond mere chaperoning, assuming a strategic role
in regulating the body's hormonal defenses. HSP90, once activated, binds to steroid receptors,
preventing their interaction with glucocorticosteroids and their subsequent binding to target DNA.
Before the mature complex of HSP90 and steroid receptor, HSP70 and HSP40 can aid to form an
immature complex to promote the final mature complex formation[62]. This deft maneuver
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effectively short-circuits the suppressive effects of steroid signaling on adaptive immunity, allowing
the body's defensive forces to mount an unencumbered response.

Moreover, heat shock proteins can bind to Toll-like receptors, initiating a cascade of signaling
events that stimulate the host's immune response against a diverse array of pathogens. This
multifaceted role, encompassing chaperoning, antigen processing, and immunomodulation,
solidifies the heat shock proteins' position as the indispensable maestros of immune activation.

Antibody-Dependent Enhancement: A Cautionary Tale

While the immune system's intricate choreography is a marvel of evolutionary design, there are
instances where this finely tuned symphony can veer into dissonance, a phenomenon known as
antibody-dependent enhancement (ADE). In several viral infections, the very antibodies meant to
neutralize the pathogen can paradoxically exacerbate the disease, a perplexing and potentially
dangerous scenario that underscores the delicate balance that underpins immune function.

The underlying mechanisms of ADE have been the subject of intense debate, with hypotheses
ranging from antibody engorgement by Fc receptors to complement receptor-mediated uptake by
monocytes[63,64]. However, a compelling theory emerges, one that highlights the critical importance
of eliciting the appropriate antibody response in the development of effective vaccines against viral
pathogens[65].

The crux of this theory lies in the observation that not all antibodies are created equal in their
ability to counter viral threats. While IgG1 antibodies are the body's primary defense against viral
invaders, other antibody isotypes, such as IgG3, can inadvertently aid the pathogen's entry and
propagation within host cells[66].

When monocytes or macrophages encounter these non-neutralizing antibodies bound to viral
particles, they engulf the complexes, unwittingly ushering the viral cargo into the very cells meant to
destroy it. Once within these immune sentinels, the virus can replicate unimpeded, triggering a
cascade of pro-inflammatory cytokines that can exacerbate the disease's severity.

This cautionary tale underscores the critical importance of eliciting the appropriate IgGl
antibody response in the development of effective viral vaccines. The Thaf immune pathway,
distinct from the traditional Th1 pathway, is the body's primary defense against viral pathogens, and
it is this pathway that drives the production of the coveted IgG1 antibodies.

In contrast, the Thl pathway, while formidable against intracellular bacterial and protozoal
threats, predominantly elicits IgG3 antibodies, which may inadvertently contribute to ADE in the
context of viral infections. It is a subtle yet critical distinction, one that highlights the intricate nuances
that underpin the immune system's exquisite choreography.

To develop truly effective vaccines against viral threats, researchers must carefully navigate this
intricate symphony, eliciting the appropriate antibody response through the precise modulation of
the Tha pathway. Only by striking the right chords can we hope to harmonize the body's defenses
against these insidious pathogens, averting the dissonance of antibody-dependent enhancement and
ensuring a triumphant performance in the ongoing battle against viral diseases.

Clonal Anergy: The Art of Self-Tolerance

In the grand symphony of immunity, one of the most exquisite movements is the body's ability
to distinguish self from non-self, a delicate dance that prevents the immune system from mounting
an unnecessary and potentially devastating response against its own tissues. This intricate
choreography, known as clonal anergy, is orchestrated by two distinct cell types: gamma-delta (yd)
T cells and IgD B cells, acting as the sentinels of self-tolerance.

The gamma-delta T cells take center stage early in the immune response, developing in the
thymus before the emergence of their more abundant alpha-beta («f3) counterparts[67]. If, during this
formative stage, a T cell clone recognizes a self-antigen, it is not silenced but rather redirected,
differentiating into a gamma-delta T cell. This strategic maneuver effectively prevents the subsequent
development of alpha-beta T cells that could potentially mount an autoimmune response against the
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body's own tissues[68-75]. The TCR signaling of alpha-beta T cells and gamma-delta T cells are
different, and gamma-delta T cells CD3 confirmation change cannot be triggered by antigens[76-81].

In a harmonious counterpoint, the B lymphocytes employ a similar mechanism to maintain self-
tolerance[82]. Mature B cells co-express IgD and IgM antibodies on their surface, each isotype serving
a distinct purpose in the intricate choreography of immunity[83]. If a self-antigen is recognized by
the IgD antibody, it triggers clonal anergy, effectively preventing an immune response against the
body's own molecules[84-86].

However, should a foreign antigen be detected by the IgM antibody, a different sequence
unfolds — one that initiates a robust immune response against the pathogenic invader[87]. This
strategic distinction allows the B cell to undergo antibody isotype class-switching, producing IgG,
IgE, or IgA antibodies tailored to the specific threat, further refining the body's defensive arsenal.
Gamma-delta T cells also can aid B cell tolerance[88].

This intricate system of checks and balances, orchestrated by the gamma-delta T cells and IgD B
cells, represents a masterful composition, a delicate interplay of cellular choreography and molecular
recognition that ensures the immune system remains vigilant against external threats while
maintaining a delicate tolerance towards the body's own tissues.

It is a testament to the exquisite complexity of the human immune system, a masterpiece of
evolutionary design that continues to captivate and inspire scientists and medical professionals alike.
Like a great symphony, each component, from the lowliest cell to the most intricate signaling
pathway, plays an indispensable role in the grand performance, harmonizing to protect us from harm
while maintaining the delicate balance that underpins our very existence.

Conclusion: A Symphony of Life

As we stand in awe of the human immune system's intricate choreography, we are reminded of
the profound beauty and complexity that underpins the symphony of life. From the delicate interplay
of neurotransmitters and hormones that modulate the tempo of inflammation to the exquisite cellular
mechanisms that orchestrate self-tolerance, each aspect of this remarkable defense network is a
testament to the elegance of evolutionary design. The spleen and the liver have the opposite roles in
triggering immune reactions and causing immune tolerance.

The autonomic nervous system, with its sympathetic and parasympathetic branches, strikes the
chords of immune activation and deactivation, their opposing forces harmonizing in a delicate
counterpoint that maintains the exquisite balance between protection and tolerance. The endocrine
system, through the intricate interplay of the HPA axis and its hormonal soloists, modulates the
intensity and tempo of the immune response, ensuring that the body's defenses remain poised,
neither overreacting to innocuous threats nor succumbing to the perils of autoimmunity.

At the cellular level, a myriad of molecular players take the stage, from the heat shock proteins
that sound the clarion call to arms in the face of pathogenic threats to the gamma-delta T cells and
IgD B cells that orchestrate the delicate dance of self-tolerance. Each component, each cellular
interaction, each signaling pathway, is an indispensable movement in the grand symphony of
immunity.
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Figure 2. The inflammation and anti-inflammation relations in autonomic nerve system.
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