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Learning objectives

Explain how B cells recognize protein and nonprotein antigens.

Reconstruct T-dependent help through peptide-MHC Il, CD40L, and cytokines.

Distinguish class switching from affinity maturation.

Connect IgM, 1gG, IgA, and IgE to antimicrobial functions.




What humoral immunity accomplishes

e B lymphocytes generate circulating and 4
secreted antibodies. Antigen encounter
\_
v
p
B-cell response
e Antibodies act primarily against g
; : ¥
extracellular microbes and their products. -
Antibody secretion
) v
e Asingle antigen encounter can lead to 4
plasma cells and lasting humoral Microbe control

protection.




Humoral and cell-mediated defenses are complementary

) _ _ _ Feature Humoral immunity Cell-mediated immunity
e Humoral immunity uses antibodies to
intercept microbes outside cells. Main
. Antibodies Effector T cells
mediator
e Cell-mediated |mmun|ty uses T cells and Main target  Extracellular microbes Intracellular microbes
activated effector cells to eliminate
infected cells or ingested microbes. voical
e‘f,fI:ct Neutralize, opsonize Activate or kill cells

e The relevant microbial location helps
determine the dominant defensive
mechanism.




Adaptive responses begin in secondary lymphoid organs

e Antigens are concentrated where naive [ Source of microbial antigen 1

lymphocytes circulate. /\

e Lymph nodes serve tissue and lymph- Tissues / lymph Blood
borne antigens; The spleen serves blood-
borne antigens. l l

e Lymphoid organization increases the { Draining lymph node J { Spleen J
chance of rare antigen-specific

encounters.



Lymph-node regions organize B-cell cooperation

Secondary lymphoid organization

e Naive B cells reside mainly in cortical
follicles.

e Most naive T cells occupy the adjacent
paracortex.

e Follicles and T-cell regions permit
regulated collaboration after antigen
recognition.

Adjacent regions enable T-B cooperation




B-cell receptors recognize intact antigen

e A B-cell receptor (BCR) is membrane-
bound immunoglobulin.

e BCRs bind chemically diverse antigens:
Proteins, polysaccharides, and lipids.

e T-cell receptors instead recognize peptide
antigen displayed by MHC molecules.

Feature

Receptor

Recognized
form

Consequen
ce

B lymphocyte

Membrane
immunoglobulin

Native antigen

Captures antigen

Helper T lymphocyte

T-cell receptor

Peptide—-MHC

Delivers B-cell help




Antigen recognition selects a particular B-cell clone

e Only B cells with a receptor capable of
binding the antigen are initially engaged.

e Activated antigen-specific B cells
proliferate.

e Their plasma-cell progeny preserve the
relevant antigen-binding specificity.

Matching BCR

\

B-cell activation

\

Clonal expansion

\

Plasma-cell progeny




The outcome is a population of antibody secretors

Clonal differentiation

e Activation is followed by proliferation and
differentiation.

e Plasma cells secrete soluble antibodies
rather than relying only on membrane
BCRs.
Plasma cell
Y Y Y

e Those antibodies recognize the antigen
that initiated the B-cell response. Y Y

Antibodies preserve antigen recognition




Two modes of B-cell activation

e Most protein antigens induce T- [ Antigen encountered by BCR 1
dependent responses requiring helper T-

cell signals. /\

Multivalent nonprotein

{ Protein antigen

e Many polysaccharide and lipid antigens antigen
trigger T-independent responses. l l

e These pathways differ in their ability to { T-dependent response } {Tindependent response}
generate switched, higher-affinity

antibodies.



Protein antigens initiate T-dependent responses

-
e The BCR first captures the protein antigen. e ol R
\_
v
p
Antigen endocytosis
e B cells then process this bound antigen g
. : ¥
and present its peptides. -
Peptide—MHC Il
) v
e Helper T cells recognize peptide—MHC 4
class Il complexes and provide activating T-cell help
\_

signals.




BCR-mediated endocytosis links recognition to presentation

e Binding of antigen to surface 4
immunoglobulin permits internalization. Surface BCR binds
> ¥
p
Antigen internalized
e The captured antigen enters intracellular g
: ¥
vesicles. -
Vesicular processing
\_
) ¥
e Antigen-selective uptake couples B-cell
t ge _ >€ P P Peptide display
specificity to subsequent T-cell help.




Internalized protein is degraded to peptides

e B cells degrade internalized protein 4
antigens in vesicular compartments. Internalized protein
> ¥
p
Proteolytic breakdown
e Peptide fragments become available for g
loading onto MHC class Il. - :
Peptide fragments
\_
e Intact polysaccharide or lipid does not 4 :
substitute for peptide-MHC Il recognition MHC class Il loading

by helper T cells. N




MHC class II makes processed antigen visible

Cognate B—helper T-cell interaction

e B lymphocytes express MHC class Il
molecules.

B cell

e MHC Il displays peptides derived from
internalized extracellular proteins.

Pe'ptlae—IVIHC [l

B cell CD4+ helper T cell
e CD4+ helper T cells recognize peptide—

MHC Il on the B-cell surface.




T and B cells recognize different forms of one antigen

Feature B-cell recognition Helper T-cell recognition

e The BCR binds the intact antigen using its

surface immunoglobulin.
Ligand form  Intact protein epitope Processed peptide

_ Presentatio
e The helper T cell recognizes a processed n

peptide in association with MHC II.

Direct BCR binding MHC class Il complex

Role Antigen capture Help after recognition

e This division of labor makes T-dependent
help antigen-linked.




T follicular helper cells support antibody quality

Cognate B—helper T-cell interaction

e A subset of activated CD4+ T cells remains
in lymphoid follicles.

B cell

e These are T follicular helper (Tfh) cells.
“Tth help

e Tfh cells help B cells generate high- B cell Tth cell
affinity, class-switched antibody
responses.




CD40L—-CD40 is a pivotal contact signal

Cognate B—helper T-cell interaction

e Activated helper T cells express CD40
ligand (CD40L).

B cell

e CD40L interacts with CD40 on the antigen-
presenting B cell.

C0%0 & Ch4oL

. _ _ CD40 on B cell CD40L on Tfh
e This contact cooperates with cytokines to

drive B-cell activation.




T-cell cytokines complement direct contact

[ Antigen-specific T-B interaction 1

/\

CD40L—-CD40 Helper cytokines

e Activated helper T cells secrete cytokines.

e Cytokines work together with CD40L
signals to stimulate responding B cells. l l

. ) _ . Contact-dependent signal Soluble signals
e Coordinated signals promote proliferation

and differentiation.




The T-dependent checkpoint integrates multiple signals

e Antigen-binding BCR selects the 4
responding B cell. BCR recognition
) v
p
Peptide—MHC Il
e Peptide—MHC Il recognition recruits N
cognate helper T-cell input. - :
CDA4O0L + cytokines
\_
) v
e CD40L and cytokines then amplify and _
B-cell expansion
shape the B-cell response.




Clonal expansion increases the responding population

[ Activated B-cell clone 1
e Activated B cells undergo proliferation. /\
Plasma cells Follicular response

e The expansion creates more descendants
of the antigen-binding B cell. l l

Py Some progeny become antibody_secreting { Antibody secretion J { Refined antibodies J
plasma cells; Others participate in
follicular maturation.




Plasma-cell differentiation produces an etfector

e The activated B-cell lineage gives rise to 4
plasma cells. Antigen-specific B cell
\_
~ ¥
Differentiation
e Plasma cells secrete antibodies that retain g
the initial antigen-binding specificity. - :
Plasma cell
\_
) ¥
e Soluble antibodies can act at sites distant L
] Secreted antibodies
from the lymphoid organ.




Plasma cells do not need to migrate to each infection site

e Plasma cells may remain within lymphoid [ Plasma cell in lymphoid tissue 1

organs or the bone marrow. /\

. . _ Blood / tissue fluids Mucosal secretions
e Secreted antibodies enter body fluids and

circulate to distant tissues. l l

) . . Distant extracellular i .
e This separates the location of antibody microbe Luminal antigen

production from the site of antimicrobial

action.



Antigen specificity persists across differentiation

e A responding plasma cell descends from 4
an antigen-selected B cell. Specific BCR
) v
p
e Its secreted immunoglobulin binds the Selected B cell
same antigenic target recognized by that - ¥
precursor. f
Plasma cell
\_
) v
e The effector phase is therefore directed .
e ) . , Same target specificity
toward the initiating microbial antigen.




Multivalent antigens can activate B cells without T-cell help

Repeated epitopes bind multiple BCRs

e Many polysaccharides and lipids display
repeated identical antigenic
determinants.

e Their repetitive structure can engage
multiple BCR molecules on one B cell.

e The resulting response is designated T-
independent.

Repeated determinants on one antigen



Repeated epitopes amplify BCR engagement

Repeated epitopes bind multiple BCRs

e One multivalent antigen may bind several
receptors on a responding B cell.

e Closely spaced, repeated epitopes
facilitate receptor clustering.

e This can initiate B-cell activation even
without helper T-cell recognition.

Repeated determinants on one antigen



Why many nonprotein antigens are T-independent

. . . Many polysaccharides /
e Conventional helper T-cell responses Feature Protein antigen lipids
depend on peptide antigens bound to
MHC. Helper-T . Not presented as
pathway Azl peptide—MHC Il
. o Direct BCR v v ltivalent
e Polysaccharides and lipids generally do binding es €5, muitivaien
not yield peptides displayed by MHC II.
IZ:;?;:SE T-dependent T-independent

e Multivalent BCR engagement offers an
alternative activation route.




T-independent activation produces predominantly IigM

e Polysaccharides and lipids stimulate 4
mainly IgM secretion. Repeated nonprotein epitopes
\_
¥
p
Multiple BCR engagement
e Such responses are relatively simple g
. . . v
compared with protein-driven responses. -
B-cell activation
\_
. . . .. ¥
e Extensive class switching and affinity 4
maturation are characteristic of T- Predominantly IgM

dependent responses instead. N



T-independent antibodies are generally less refined

_ Feature T-independent T-dependent
e T-independent responses often produce
mainly lower-affinity IgM. Vo
ypical . . .
. Multivalent nonprotein Protein
antigen

e They lack the full Tfh-supported germinal- ~ Main

. Predominantly IgM Multiple isotypes
. L. . antibody
center program characteristic of proteln
responses. Affinity o |
. Limited Prominent
maturation

e An IgM response can still support
antimicrobial effector functions.




The antigen—not merely the B cell—shapes response quality

e Both pathways start with antigen binding [ BCR engagement 1

{Protein - peptide-MHC

I Repetitive nonprotein
e Peptide presentation and Tfh help

distinguish the T-dependent pathway. l l
Tfh-dependent qualit .
e Those additional signals make class { epf;‘nt";zl e } { Mainly IgM response }
switching and affinity maturation

possible.



A comparison of final B-cell outputs

) Feature
e Both response types can result in
antibody-secreting cells. S
cells
e T-dependent responses support multiple Isotype
. . . . . profile
antibody isotypes and high-affinity
products. ey
quality

e T-independent responses chiefly yield IgM
with more limited maturation.

T-dependent response

Required for full
response

lgG / IgA / IgE possible

Matures with Tfh help

T-independent response

Not required

Mainly IgM

Typically lower affinity




Antibodies share specificity but differ in effector function

Antigen binding versus effector class

e Each antibody molecule has antigen- Antigen-binding arms
binding portions and a constant-region
component.

e |sotypes differ in their biologic effector
functions.

e Matching binding specificity to the Constant / Fc region
appropriate effector mechanism improves
microbial clearance. Isotype influences downstream effector function




IgM is a major output of nonprotein responses

e Polysaccharide- and lipid-induced 4
responses predominantly secrete IgM. Nonprotein antigen
) v
p
IgM secretion
e |gM can activate the classical complement g
pathway. - :
Complement activation
\_
e |ts prominent role illustrates how an early 4 :
or T-independent antibody can promote Microbial destruction

microbial elimination. -



T-dependent responses diversify the isotype repertoire

e Tfh signals permit production of IgG, IgA, [ Ti-supppeise Bl resperse 1

and IgE. /\

Class-switching Affinity maturation

e These classes have specialized effector
functions. l l

_ . _ . IgG ¢ IgA o IgE Higher-affinity binding
e |sotype switching improves the functional
range of responses to protein antigens.




Class switching changes antibody class

Antigen binding versus effector class

) ) i . Antigen-binding arms
e Class switching is also called isotype

switching.

e A B cell changes the immunoglobulin
heavy-chain class that it produces.

e The resulting antibody retains antigen Constant / Fc region
recognition while acquiring another
EffeCtOr' prog ram. Isotype influences downstream effector function




Class switching is driven by helper-cell signals

e Protein antigens recruit the collaboration 4
of Tfh cells. Protein antigen
\_
¥
p
Tfh signals
e CD40L- and cytokine-mediated signals g
support production of switched isotypes. - :
Class switching
> ¥
e The resulting antibodies may act in blood, 4
at mucosal surfaces, or through mast IgG / 1gA / IgE

cells.




Activated B cells enter follicles for maturation

Secondary lymphoid organization

e B cells responding to protein antigens
migrate into follicles.

e They receive additional signals from Tfh
cells.

e The ensuing proliferation establishes
germinal centers.

Adjacent regions enable T-B cooperation




Germinal centers are specialized response sites

Germinal center within a follicle

e Germinal centers arise in follicles after
antigenic stimulation.

e They are sites where isotype switching Germinal center
and affinity maturation occur.

e Their formation connects the architecture
of lymphoid organs to humoral antibody
quality.

Class switching Affinity maturation




Affinity maturation improves antigen binding

e Tfh cells support the production of 4
antibodies with increased antigen affinity. Follicular B-cell response
) v
p
Tfh-supported maturation
e The process is termed affinity maturation. - ¥
-
Higher-affinity antibody
) v
e Better affinity improves the quality of the 4
antibody response to the triggering Improved binding

antigen.




Affinity and isotype are distinct antibody properties

o _ ] Feature
e Affinity describes the strength of antibody
binding to antigen. —
changes?
Functional

e |sotype denotes the immunoglobulin class  effect
and its associated effector capabilities.

Where?

e T-dependent responses can improve
affinity and change isotype through
distinct processes.

Affinity maturation

Strength of antigen
binding

Better target binding

Germinal center

Isotype switching

Heavy-chain class

Different effector
functions

Germinal center




Germinal-center products contribute to durable immunity

e Some plasma cells generated in germinal 4
centers become long-lived. Germinal-center reaction
\_
¥
p
Plasma-cell output
e These cells can reside in bone marrow for g
v
months or years. -
Bone marrow residence
) v
e Continued antibody production provides 4
protection after the initial response Continued antibody

subsides. -




Vaccination exploits affinity maturation

e Affinity maturation is an important 4
objective of immunization. Protein immunization
\_
v
p
e The desired outcome is antibody with T-dependent response
improved binding to the immunizing - ¥
. (
antigen.
Germinal center
) v
e Protein-antigen responses can use Tfh 4
help and germinal centers to refine Higher-affinity antibody

antibody quality. N



The follicular response has two quality dimensions

] ) _ Feature Quantity Quality
e Class switching broadens what antibody
can do after bmdmg' Clonal More antigen-specific .
expansion cells
Class

e Affinity maturation improves how strongly  switching - Altered effector class

antibody binds antigen.
Affinity

maturation — Stronger binding

e These mechanisms complement clonal
expansion, which increases the quantity
of the response.




Neutralization prevents microbes from entering cells

e Antibody binding can block microbial 4
interaction with host cells. Extracellular microbe
\_
¥
p
Antibody binding
e A neutralized microbe is less able to 9
initiate infection. e :
Host-cell entry blocked
\_
) ¥
e This mechanism acts before the microbe L
. Neutralization
must be destroyed inside a host cell.




Neutralization is a direct binding-based defense

Antigen binding versus effector class

. . : : : Antigen-binding arms
e Antibody can interfere with microbial

entry without first activating a phagocyte.

e The antigen-binding part of antibody
recognizes a relevant microbial structure.

: L Constant / Fc regi
e Effective neutralization depends on onstant / Fc region

binding at a functionally important site.

Isotype influences downstream effector function




Opsonization tags microbes for ingestion

e |gG coats or opsonizes the microbial 4
surface. lgG coats microbe
\_
v
p
e Neutrophils and macrophages express Fc exposed
receptors that recognize the Fc portions - ¥
-
of 1gG.
Phagocyte Fc receptor
\_
) v
e The bound antibody therefore links a .
: Phagocytosis
microbe to the phagocyte.




Fc receptors translate antibody binding into phagocytosis

Antigen binding versus effector class

Antigen-binding arms

e The antibody-binding site attaches to
microbial antigen.

e The IgG Fc region engages a receptor on a
phagocyte.

e Receptor-mediated recognition enhances Constant / Fc region
uptake and destruction of the coated

Oorga nism. Isotype influences downstream effector function




Neutrophils and macrophages are principal phagocytes

e Both cell types can recognize 1gG- [ IgG-opsonized microbe 1

opsonized targets through Fc receptors. /\

Neutrophil Macrophage
e After ingestion they contribute to
microbial destruction. l l
Phagocytosis Phagocytosis
e Antibodies thus recruit innate effector

cells to clear extracellular microbes.



IgG and IgM activate classical complement

e |gG and IgM antibodies can trigger the 4
classical complement pathway. Microbe-bound IgG / IgM
> ¥
p
Classical complement
e Complement products promote microbial g
phagocytosis and destruction. - :
Complement products
\_
) ¥
e Antibody binding therefore initiates an L
o ) Microbial clearance
amplified protein-effector cascade.




Complement cooperates with antibody opsonization

e Classical complement activation generates

products that assist phagocytosis. /\

[ Antibody binds microbial surface 1

° Antibody and complement systems act Fc receptor recognition Classical complement
cooperatively in extracellular host
defense. l l

Phagocytosis /

Phagocytosis i
§0cy destruction

e This is distinct from direct neutralization
of cell entry.




A single antibody response can recruit several etfectors

e Microbe-bound antibodies may neutralize [ Antibody-microbe binding 1

infectivity. /\

Neutralization Fc / complement
e |gG recruits Fc receptor—bearing
phagocytes. l l
Blocks entry Promotes clearance

e |gG and IgM can initiate classical

complement activation.



IgA protects mucosal epithelial surfaces

Anatomic specialization

e |gA is secreted across mucosal epithelia. Mucosal lumen
e |t neutralizes microbes within respiratory
and gastrointestinal lumens. IgA

|

[ Neutralization at epithelial surfaces }

e Mucosal antibody prevents infection at
common portals of microbial entry.




IgG protects the neonate through placental transfer

Anatomic specialization

e Maternal IgG is actively transported

across the placenta. PR
e This supplies antibody-mediated
protection to the newborn. Maternal IgG

|

Protection in the newborn

e The transferred antibodies help bridge the
period before neonatal immune maturity.




IgE mediates a distinct tissue-effector response

Anatomic specialization

e |gE binds to mast cells. Tissue mast cell
e When appropriately engaged, mast cell-
associated IgE can induce degranulation. IgE

Degranulation

e This differs from the Fcy receptor—
mediated ingestion associated with IgG.




Isotype determines where and how protection occurs

o ] ] Antibody class Selected function
e |gA specializes in luminal mucosal

neutralization. IgM Classical complement

Opsonization; Placenta;

] o '8G Complement
e |gG supports phagocytic opsonization and
placental transfer. IgA Mucosal neutralization
IgE Mast-cell degranulation

e |gM and IgG activate classical
complement; IgE recruits mast-cell
responses.




The principal antibody mechanisms act at ditferent steps

. _ _ _ Antibody mechanism Immediate host-defense effect
e Neutralization blocks microbial
attachment or entry. Neutralization Prevent infection of cells
IgG opsonization Engage Fc receptor phagocytes
e Opsonization accelerates recognition and
upta ke by phagocytes- Classical complement Facilitate uptake / destruction

e Complement promotes phagocytosis and
microbial destruction.




Long-lived plasma cells sustain serum antibody

e Some germinal-center-derived plasma 4
cells migrate to the bone marrow. Germinal center
\_
¥
p
Plasma cell
e They can survive there for months or g
¥
years. P
Bone marrow niche
\_
) ¥
e Persistent antibody secretion can outlast ,
] ] . ] Long-term secretion
the active antigen-driven expansion.




Memory B cells and plasma cells serve different time scales

. . ] Feature
e Long-lived plasma cells constitutively
secrete antibodies. Aft
er
infection
e Memory lymphocytes form an expanded At re-
exposure
pool capable of a faster response after re-
exposure.
Key value

e Persistent antibody and immunologic
memory are complementary components
of protection.

Long-lived plasma cell

Continues antibody
secretion

Preexisting antibody
available

Immediate ongoing
protection

Memory lymphocyte

Persists without steady
output

Faster secondary
response

Rapid renewed response




Where antibody is produced differs from where it acts

e Secondary lymphoid organs coordinate 4
initial B-cell activation. Secondary lymphoid organ
\_
¥
p
Plasma cell
e Plasma cells may persist within lymphoid g
¥
organs or bone marrow. -
Soluble antibody
\_
) ¥
e Secreted antibody reaches tissue fluid, .
Peripheral target
blood, and mucosal surfaces.




Interpret a response to a repetitive polysaccharide

e A multivalent polysaccharide presents 4
repeated BCR-binding determinants. Repeated polysaccharide epitope
: ;
BCR clustering
e The expected response does not require g
classical peptide—MHC Il T-cell help. - :
T-independent pathway
\_
) ¥
e The predominant ant!body class is Igl\/l Mainly IgM
rather than a fully switched repertoire.




Interpret a response to a microbial protein

e A protein-specific B cell internalizes its
bound antigen.

e Peptide—MHC Il recruits Tth signals
involving CD40L and cytokines.

e Class switching and affinity maturation
may vield refined antibody effector
functions.

Protein captured

\

Peptide—MHC Il

\

Tth help

\

Switched / matured response




Mechanism test: Absent CD40L—CD40 cooperation

Cognate B—helper T-cell interaction

e The T-dependent signaling sequence
includes a critical CD40L—CD40

interaction.
B cell
e Without that cooperative signal, full
helper-dependent maturation is expected
. . Reduced co
to be impaired. help nadt
CD40 on B cell CDA40L pathway

e This mechanistic prediction should not be
mistaken for a patient-specific diagnosis.




Mechanism test: Antibody coats an extracellular bacterium

e Surface-bound IgG can serve as an 4
opsonin. Extracellular bacterium
\_
¥
p
lgG coating
e Fc receptor—bearing neutrophils and g
: ¥
macrophages recognize the coated target. -
Fc recognition
\_
) ¥
e Classical complement may additionally ,
] ) Phagocytic clearance
support microbial clearance.




Mechanism test: Protection at a mucosal surface

Anatomic specialization

e Luminal antibody acts before microbes

penetrate epithelial cells. Respiratory / gut lumen

|

Secretory IgA

e Secreted IgA is well suited to mucosal
neutralization.

|

Block microbial entry

e The protective effect is topographically
distinct from systemic IgG opsonization.




Integrating activation with effector outcome

e Antigen chemistry influences whether the

-
response is T-dependent or T- Antigen structure
independent. L

v
p
B-cell activation route

e Tfh collaboration influences g
. . . . ¥
immunoglobulin class and affinity. -

Antibody quality / class
) v

e The resulting isotype determines which 4

effector pathways can act against Antimicrobial function

extracellular microbes. -




Core contrasts for clinical reasoning

. ‘ Key question Mechanistic answer
e Protein antigens: Tfth-dependent help
enables germmal—center maturation. What triggers help? Protein peptide—MHC I
What develops affinity? Germinal-center Tfh response
* Repetitive polysaccharide / lipid antigens:
Primarily T_independent |gM responses. W.hatbCIeirs coatEd Fc phagocytes / Complement
microbes?

e |gA neutralizes at mucosa; 1gG opsonizes;
lgG and IgM activate complement.




Humoral immunity: An integrated sequence

e Specific BCR recognition initiates the 4
response to extracellular antigens. Recognize
- v
p
e Helper-dependent processing yields a Expand and mature
broader, higher-affinity antibody : ¥
response.
Secrete antibody
- v
e Neutralization, opsonization, 4
complement, and specialized isotypes Eliminate microbes

execute host defense. -



Principal reference and source scope

e Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th edition (2026).

e Chapter 6, “Diseases of the Immune System”: humoral immunity section and adjacent
normal-immune-response context.

e Mechanism diagrams and tables are original, editable teaching schematics—not
reproduced textbook figures.
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