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. Key Concepts

29.1 Animals Use Innate and Adaptive Mechanisms for Defense
29.2 Innate Defenses Are Nonspecific

29.3 Adaptive Defenses Are Specific

29.4 The Humoral Adaptive Response Involves Antibodies

29.5 The Cellular Adaptive Response Involves T Cells and Receptors
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29.1 Animals Use Innate and Adaptive Mechanisms for Defense

Animals have various means of defense against pathogens—organisms or viruses that

cause disease.

Defense systems are based on the recognition of self (one’s own) and nonself (foreign)
molecules.

Defensive responses have three phases:

e Recognition phase—organism must discriminate between self and nonself

e Activation phase—mobilization of cells and molecules to fight invader

e Effector phase—mobilized cells and molecules destroy invader
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29.1 Animals Use Innate and Adaptive Mechanisms for Defense

Two types of defense mechanisms:

* Innate defenses (nonspecific) act rapidly; include barriers such as skin, phagocytic cells,
and toxins.

e Adaptive defenses are aimed at specific pathogens. Slow to develop and long-lasting
(e.g., antibodies for a specific virus).

All animals have innate defenses. The Japanese horseshoe crab, which evolved 400
million years ago, relies only on innate defenses. Barriers include physical, chemical, and
biological mechanisms The horseshoe crab has a hard exoskeleton to protect from

. _ | ©payuoc: n mpwrn voauuﬁ
pathogen invaders. T ey Pl ovowicapuvac
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29.1 Animals Use Innate and Adaptive Mechanisms for Defense

» Cells such as phagocytes (amoebocytes in the horseshoe crab) bind to microbial
pathogens, ingest and destroy them.
» Toxic molecules—horseshoe crab blood includes peptides that disrupt bacterial cell

membranes, or bind to bacterial surfaces and cross-link them.
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29.1 Animals Use Innate and Adaptive Mechanisms for Defense

The recognition and activation phases
of innate immunity evolved very early.
Animals from humans to fruit flies have
Toll-like receptors (TLRs) that recognize
nonself molecules called pathogen
associated molecular patterns (PAMPs).
In vertebrates, TLRs recognize and bind
to specific molecules found in broad
classes of pathogens, such as bacterial
cell wall components. Binding triggers a
signal transduction pathway that ends
with expression of genes for anti-
pathogen molecules.
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Nivakag 29.1 Quoikeg Kat Eniktnteg AVOooAOYLKEG ATLOKPLOELG O€ pia Aolpwén

Nivakac 29.1 Quoikéc katl EmiktnTtec Avacoloyikec ATTOKPICEI
» Mammals have both
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defense systems— Xpovog anmdkplong  Zuotnpa Mnyaviopoi
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Ewkdva 29.2 To Aepdikd Zuotnpa tou AvBpwrnou

Components of mammalian defense systems are dispersed
throughout the body.

Lymphoid tissues include thymus, bone marrow, spleen, and
lymph nodes.

Blood and lymph are complex systems with both defensive
and non defensive functions. Both consist of liquids in which
cells are suspended.

Blood plasma contains ions, small solutes, soluble proteins,
red and white blood cells, and platelets. Red cells remain in
the circulatory system, but white cells and platelets are also in
the lymph.

All blood cells originate from multipotent stem cells in the
bone marrow.

Lymph: Fluid derived from blood and other tissues. From
tissues, lymph moves into lymph system vessels. Lymph
vessels join and eventually form the thoracic duct, which joins
the circulatory system at a major vein near the heart.

Lymph nodes occur at many sites along the lymph vessels.
They contain lymphocytes, a type of white blood cell. As
lymph passes through the nodes, lymphocytes initiate an
immune response if foreign cells or molecules are detected.
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Ewkova 29.3 Aeuka Awpoocdaipla o

-
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e Molecules that bind antibodies are called

antigens.

2. Major histocompatibility complex (MHC) proteins display
antigens on the surface of self cells.

e T cells can then recognize the antigens.

e Also function as important self identifying labels.

3. T cell receptors are integral membrane proteins on T cells;
they recognize and bind antigens presented by MHC proteins
on other cells.

4. Cytokines are soluble signaling proteins that bind to a
cell’s surface receptors and alter that cell’s behavior.
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29.2 Innate Defenses Are Nonspecific

Innate defenses are mechanisms to stop pathogens from invading or quickly eliminate those that do.

They are genetically programmed and “ready to go.”

» Skin is the first line of innate defense. Physical barrier: Bacteria can rarely penetrate healthy
unbroken skin.

» Saltiness and dryness of skin: Not hospitable to bacteria growth.

» Presence of normal flora: Bacteria and fungi that normally live on skin compete with pathogens for
space and nutrients.

If a pathogen lands inside nose or an internal organ:

e Mucus in the nose, respiratory, digestive, and urogenital systems traps microorganisms. Cilia

continuously move the mucus and its trapped debris away.

e Lysozyme, made by mucous membranes, attacks bacterial cell walls and causes them to burst (lyse).

e Defensins, made by mucous membranes, are peptides with hydrophobic domains that insert into

pathogen cell membranes and make them permeable.

Harsh internal environments can kill pathogens—(e.g., the stomach contains hydrochloric acid and

proteases). copyright @ 2023 EKAOZEIS MAMAZHSH 11



Ewkova 29.4 Quoikn Avooia
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29.2 Innate Defenses Are Nonspecific

Complement and interferon proteins are produced in response to pathogens.
Vertebrate blood has over 20 different proteins that make up the antimicrobial
complement system.

e Activated by both innate and adaptive defense responses.

Complement proteins act in a cascade:

1. Attach to microbes and mark them for phagocytes to engulf.

2. Activate inflammatory response and attract phagocytes to site of infection.

3. Lyse invading cells.

Interferons are signaling molecules that increase resistance of neighboring cells to a
pathogen.

e They are a class of cytokines; particularly important in defense against viruses.
e They bind to uninfected cells, stimulating a signaling pathway that inhibits viral

reproduction.

copyright @ 2023 EKAOXEIX NANAZHZH
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29.2 Innate Defenses Are Nonspecific

Phagocytes travel in lymph and blood, and may move out of vessels and into tissues.
e Phagocytes engulf foreign cells, viruses, and fragments.

e Defensins, nitric oxide, and reactive oxygen intermediates inside the phagocyte kill the pathogens.

Phagocyte

Yeast cell —_—
5pum

Natural killer cells: Lymphocytes that can distinguish virus-infected cells and some tumor cells from
normal cells.

e Can initiate apoptosis in these cells

e Can interact with adaptive defense mechanisms and lyse cells labeled by antibodies

Dendritic cells: Phagocytes that act as messengers between innate and adaptive immune systems.
e Engulf pathogens and fragments of virus-infected cells, digest them, and “present” the antigenic
fragments on its surface

e Also secrete signals that activate cells of the adaptive immune system

14



29.2 Innate Defenses Are Nonspecific

Inflammation is a response to injury or infection. It isolates damaged areas to stop the

spread, recruits cells and molecules to the area to kill invaders, and promotes healing.

Mast cells are the first responders; Adhere to skin and organ linings and release chemical signals:
e Tumor necrosis factor—cytokine that kills target cells and activates immune cells.

e Prostaglandins—dilate blood vessels and interact with nerve endings; responsible for pain.

e Histamine—amino acid derivative that dilates blood vessels and leads to itching and rashes in
allergic reactions.

The redness and heat of inflammation result from dilation and leakiness of blood vessels in the
affected area.

Histamine and other signals attract phagocytes; they engulf invaders and dead cells.

Phagocytes produce cytokines, which can signal the brain to produce fever.

Increased body temperature accelerates lymphocyte production and phagocytosis; also inhibits
growth of some pathogens.

After inflammation, pus may accumulate— leaked fluid and dead cells; it is gradually consumed by

macrophages. -
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. 29.3 Adaptive Defenses Are Specific

The adaptive immune system has four key traits:
e Specificity
e Ability to distinguish self from nonself

e Diversity—response to a wide variety of nonself molecules

e Immunological memory

17



29.3 Adaptive Defenses Are Specific

Specificity

» T cell receptors and antibodies bind to specific nonself molecules (antigens).

» Specific sites on the antigens are called antigenic determinants or epitopes.

» An antigenic determinant is a specific portion of a large molecule.

» Most antigens are proteins or polysaccharides; there can be multiple antigens on an

invading bacterium.

\ 4

One antigenic molecule can have multiple, different antigenic determinants.

A\

The host responds to an antigen’s presence with highly specific defenses using T cell
receptors and antibodies.
» Each T cell and each antibody is specific for a single antigenic determinant.

» Antigenic determinants are referred to simply as “antigens.” )'




29.3 Adaptive Defenses Are Specific

Distinguishing self from nonself

* Every cell in the body has many different antigens; the immune system must be able to
recognize them all and not attack them.

Diversity

 The immune system must respond to a wide variety of pathogens.

e Each pathogen may exist in many different varieties or strains.

« Humans can respond specifically to about 10 million different antigens.

Immunological memory

e After one response to a pathogen, the immune system “remembers” the pathogen and

can respond more quickly and powerfully if that pathogen invades again.
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29.3 Adaptive Defenses Are Specific

Macrophages and dendritic cells activate the adaptive immune system.

After ingestion of a pathogen or infected cell, phagocytes display fragments of the
pathogen (antigens) on their surface.

Antigen presentation is one way the innate immune system communicates with the
adaptive immune system.

Macrophages and dendritic cells then migrate to lymph nodes, where they present
antigen to immature (previously unexposed) T cells.

They also secrete cytokines and other signals that stimulate activation and

differentiation of the T cells.
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Ewkdva 29.6 To Eniktnto AVOOOTMOLNTIKO ZUOTNHO

Xupikn avooia

e Humoral immune response—relies on B cells
Ta avtiowpara nmov napayovrai anod

making antibodies
R : = ra B kUttapa npoodéovral oto eAeUBepO
e Cellularimmune response—relies on cytotoxic T (TC) aynysvo kai oto avriyéve emoaveiac

Avtiyéva

cells TWV Naboydvwy KUTTApWYV Kal Twv
< QAVTIYOVOTIaPOUCIACTIKWY KUTTAPWV. \
The two responses operate simultaneously and : | —
A .\ emq;avduc E
cooperatively. Both types of adaptive immune e /4
responses occur in three phases: \ Emegp{; - Npéobeon
1. Recognition phase: The antigen on the surface of /}, \}/ avtiyéva Kat
. . . : X 0
the antigen-presenting cell is recognized by a T-helper maipara \ Npdobean —_— s T avETwan
(TH) cell bearing a T cell receptor protein that is - / ‘ \ TaTe kUTtapa
specific for the antigen. ToB kittapo I Npéobdeoan oxotivoLY 6a
. . e el : 2 npoodével 10 Ta KUTTApa
e Binding initiates the activation phase. EAEBEPO QVTIYOVO pe exteBeipéva
2. Activation phase: When the TH cell recognizes an | owovcunodogeic (' §$ BoRITHIpuan il g
. . 5 - TOU QVTICWHATOC "*’
antigen on an antigen presenting cell, it releases i ,\\ y Szggz;';’::o
cytokines that stimulate B cells and TC cells to divide. \ L\ kotrapo
* Results in clones of the B cells and TC cells. )Qf' Do
3. Effector phase: B cell clones produce antibodies v )T(

that bind to pathogen or infected cells.

e The bound antibodies attract phagocytes and
complement proteins.

e In cellular immunity, TC clones bind to infected cells
and destroy them.

Ewoévo 29.6 To Emiktnto Avocomomtiké Xvotnpe H yopukn
avocio, mepAapuPdvel ™MV TOpoy®Yn avilooOpdtov omnd o B
kottapa. H  wvttopopecorafntiky ovocio meptAapfdvel v
EVEPYOTOINGT TOV KLTTAPOTOEIKOV T KUTTAP®Y TOV TPOGOEVOVTOL GE
KOTTOPO TTOL EKPPALOVY TO OVTLYOVO.

To Ty kiTTapo puBpilel kal To yupkd
Kol TO KuTTapopecohafnmukd clotnua.
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KaBe B xUttapo nouv dev sixe exreBel

Ewkdva 29.7 KAwvikni Emidoyn ota MPONYOUREVWE NAPAYEL £va SIAPOPETIKG,
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* Diversity is generated by DNA changes just
MAnBuouog
after Band T cells are formed. E15K@v B KUTTApWY
* There are millions of different kinds of both B
and T cells. 8 At n npdabean, pall e / \
) - : m onuarodémonané taT
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c c peon Tou B xuttGpov, pE o S
of antigens is already present before they are anotéAeopa T napaywy :
£v6C KADVOU KUTTAPWV. Eva nhaoparokutrapo
encountered.
Clonal selection l l
* Antigens presented on antigen-presenting /
cells, particularly dendritic cells, trigger the “V'-' *V'-' -Y~ *~V~
selection of specific lymphocytes for that
antigen.

* Antigen binding “selects” a particularBo T /l / \ / \ l

cell for proliferation.
Clonal deletion helps distinguish self from Qb “V,,
nonself. During early differentiation, any
immature B or T cell that shows potential to

mount an immune response against self antigens .' L l / Maoparo- l l Korosco ARG
. KUTTQ
undergoes programmed cell death (apoptosis). 7{\ &1 o pa ,
d’lt..
Ewova 29.7 Khovikn Emioyn oto B kdtTapoe Avnowucno fs\

H mpdcdeon tov aviydvov 6Tov €101KO DITOS0XEN GTIV ETUPAVELD
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XapunAd puBpo, Siatnpwvrag Tov KAWvVO.

EKTETOUEVO EVOOTAAGLATIKO STKTVO Y10 T GOVOEST AVIICOUATOV. KUTTapo. 22



29.3 Adaptive Defenses Are Specific

Immunological memory: An activated lymphocyte produces two kinds of daughter cells:

1. Effector cells attack the antigen

» Effector B cells (plasma cells) secrete antibodies; effector T cells secrete cytokines and other molecules that
destroy nonself cells.

2. Memory cells are long-lived cells that can divide on short notice to produce effector cells and more memory cells.

e Memory B and T cells may survive in the body for decades, rarely dividing.

Primary immune response

When antigen is first encountered, previously unexposed
lymphocytes that recognize the antigen proliferate to produce clones
of effector and memory cells.

Secondary immune response

When antigen is encountered again, memory cells proliferate and

Vaccine response Protective response

Secondary
response to

launch an army of plasma cells and effector T cells. Response is much pathogen

more rapid and powerful.

Because of immunological memory, exposure to many diseases Primary Return

provides natural immunity. immune to memory

Vaccination provides artificial immunity by introducing an antigen in response response

a form that does not cause disease. after pathogen

It initiates a primary immune response, generating memory cells. Memory eliminated
response

Mutation can result in the pathogen’s antigens changing over time,
and a vaccination may become ineffective.
This happens with influenza virus—new strains appear every year o % %

and a new vaccine must be made. Weeks I Years I Days 4 Years

Number of responding immune cells




29.4 The Humoral Adaptive Response Involves Antibodies

B cells are the basis for the humoral immune response:

* B cell begins with a receptor protein specific to an antigen.

e |f an antigen binds to the receptor, the B cell presents the antigen to a TH cell with a
receptor that recognizes the antigen.

e The TH cell then secretes cytokines that stimulate the B cell to divide and give rise to a

clone of plasma cells, plus memory cells.

e The plasma cells secrete antibodies into the blood stream—up to 2,000 molecules per

second!
Antibodies belong to a protein class called immunoglobulins.

All are tetramers with 2 identical light chains and 2 identical heavy chains, held together by

disulfide bonds.

Each polypeptide chain has a constant region and a variable region.
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Ewova 29.8 H Aopn ths Avoocoodatpivng To—

npooBeong
avtiyovo

Enitonog

MetaBAntr
neploxn

Constant region: Determines the class of
antibody—the function and destination.
Variable regions: Specific for each
immunoglobulin; the 3D structure is responsible
for antibody specificity.

Immunoglobulins are bivalent—they can bind
two antigen molecules.

2taBepn) neploxn
aplag alvoidag x

$-% / MetafAnth

nmepLoxn
eAagpiag

ZtaBepn
neploxn

alvoiba eAagpIac
Ewéva 29.8 H Aopn] TN Avocoopaipivig alvoidag
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VOGO QALPIVTG.

(B) MovTtélo mArjpwong Xwpeou piag avoooogaipivng
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Kuttapikn \ aluoideg
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Ewkova 29.9 Yniep-yovidio

-\._' e

H petapAntn meploxn yia tn Bapia akuoida evog ouyke- H otaBepn) nepioxn
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Vi VooVoige Dy DyDizg Jydoendg i
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Ewkova 29.9 Yrep-yovioro Ot Baplég ahvcideg NG 0vocosoIpivi|g TOL TOVTIKOD £XOVV TECGEPLS EMIKPATELEC, KOOEULA
amd TIG 0Toleg KMAWKOTOLEITAL OO £va €K TV TOAA®V THavOV YoVIdlwv Tov emAEyovVTal omd U OUAd0 TOPOUOLOY

yovidiov. H avococsaipivn €xet pia emikpdreio omd v kabe ouddo.

copyright @ 2023 EKAOZEIX MANAZHZH 26



Nivakag 29.2 O Tagelg twv Avoooodatpivwv

mivakag 29.2 01 Ta€eic Twv Avoooagalpivwv

Taén Fevikry dopny TonoBeoia Aertoupyia
IgG Movopegpric ﬁr EAe(Bepn oto mhdopa tou aipatoc: To mo agpBovo avtiowpa oTnV MPWTOYEVN Kal BEUTEPOYEVI
nepimou To 80% TwWV KUKAOQOpOUVTWY avocoanodkplon- diaoyilel tov mAakoUvTa Kal mapéxel madntikn
AVTIOWUATWY avoconoinorn ato éufpuo
IgM Mevrapepnc N/ Emepaveia touv B kuttapou- ehevBepn Ynodoyéac avtiydvou otn pepfpdvn Twy B kuttdpwy- n mpwtn
\) / 0TO MAGOUA Tou aipatog Taén avricwpdatwy mou anshevBepwvetal anod ta B kittapa
4} C Katd tn S1apKEla TNE MPWTOYEVOUC anoKpIonc
- (\I'
IgD Movopegpric N7 Emegpdaveia Tou B kuttdpou Emgpaveiakdg umodoygag Tou wpipou B kuttdpou- onuavTikog
yla Tnv evepyonoinon twv B kuttdpwy
IgA Mpepnic T4 Ziehog, Sakpua, yaha Kal Ahheg Mpootatelel TIC EMPAVEIES TWY BAEVVOYOVWY- AMOTPEMEL TNV
( ) OWUATIKES EKKPIOEIG NMPooKOANoN
DN
IgE Movopeprig N\ Exkkpivetan ané ta mhaouatokOtTapa Agopeletal ota paoTokUTTAapA Kal ota Bacgedgiha yia va ta
oto dépud Kal aTouc 1IaTolc mou

eMevOUOULV TNV YAOTPEVTEPIKNA Kal
avanveuaoTikr odo

guaioBnronoioel o endpevn SECUELON TOU avTiydvou,
n onoia nupodotei Tnv aneAevBépwon Tng WoTapivng mou
OUMBAAAEL OT QAEYLOVE KAL OF OPIOUEVES AANEDYIKEC
avTIdpAocEelg
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Ewkdva 29.10 Avacuvduaopuog Novisiwv tng Bapiag AAuvoidac kot Matiopa tou RNA

(A) DNA Avadiataén MetaPhntn nepioyn ZtaBepr] neployr
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' Y i ™
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(B) Metaypa@ikal gy o000 DNA |
o : panoua RNA m s
* Immunoglobulin diversity results from DNA rearrangements and v DJ ———
h i M . Meta tnv evwon twv V. D, J, ken C
other mutations. Em\,rpu(pnl J tpunuatwy DNA, To Aemoupyikd
=  Each mature B cell makes only one specific antibody to a specific 1 umepyovidio mou mpokUNTEl
epitope. MNpwroyevig petaypago RNA _.I'J HETaypAPETaL
= |t would be impossible to have a gene for every epitope. Md‘rluuﬁ¢ o pémiopa tov nparoyevoik petdypagoy |

= The genome of B cells has multiple different coding regions for

7| RNA anopakpUvel onolodAoTe E0uvIo.
each domain of the immunoglobulin. .

V D J H
= Diversity is generated by putting together different combinations METﬁ"""““”l Ewova 29.10 Avacvvdvaopog
of these regions. Fovwioov ¢ Bopuag
=  Each gene encoding an immunoglobulin is a “supergene” made Alveidag kor Mdartopa TOVL
by recombination of clusters of smaller genes. “~EBhagpia | RNA T dnwovpyia evég
* There are hundreds of immunoglobulin genes located in separate ahuoiba | AVTIOOUOTOG  OMALTOLYTOL ,5"0
clusters TOTOoL avadloTa&ewv oTIG Opddeg
) — Bapia ahuoiba 1 .
. TOV  yovidiov ™me  Papidc
=  During B cell development the genes are cut out and rearranged. , ,
; . alvcidag. (A) Ilpwv amd 1
One gene from each cluster is chosen randomly for joining; ) ,
h del d Fuvappohdynon ko | HETAYPOUPTN, T0 DNA
o ers Bl els e ] mapousiacn aVOdlOTACOETOL YL VO EVACEL
= Aunique supergene is assembled. \\I / éva am6 ta yovidia V, D kot J o8
= Result—enormous diversity of specific antibodies. £v0L VTEP-YOVISLO TNG HETOPANTHC
=  Each B cell precursor assembles two supergenes—one for the nepoyne. (B)  Metd 1
light chain, one for the heavy chain. _Bxutrapo | HETAYPO®Y], TO HATIGHO  TOV
= Genes for the light chains are made in a similar way, with an RNA evover v VDJ meployn pe
equally large amount of diversity. ™ otobepn mePLoyN.
= Light and heavy chain diversity together yield about 324 million
possibilities.
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29.4 The Humoral Adaptive Response Involves Antibodies

Mutations generate even more diversity.

Imprecise recombination can create frameshift mutations, nucleotides can be added before splicing,
and immunoglobulin genes have high spontaneous mutation rates.

Once the B cell’s specificity has been determined, it cannot change.

Once pre-transcriptional processing is completed, a supergene is transcribed and translated to
produce an immunoglobulin light or heavy chain.

These combine to form an active immunoglobulin protein.

Class switching

B cells can make only one type of antibody at a time, but can change the class of antibody they make.
Early B cells produce IgM molecules—the receptors that recognize the specific antigens. The constant
region of the heavy chain is encoded by the u gene.

If B cell becomes a plasma cell, a deletion occurs in the DNA, resulting in an antibody with a different
constant region of the heavy chain.

The antibody still has the same variable regions, and thus the same specificity— but a different

function. 29



- 29.5 The Cellular Adaptive Response Involves T Cells and Receptors

The cellular immune response involves two types of effector T cells:

e T-helper cells (TH)

e Cytotoxic T cells (TC)

» They work with MHC proteins, which present antigens on cell surfaces.

» T cells have specific membrane receptors that are glycoproteins with two polypeptide
chains.

» Each chain is encoded by a different gene and has constant and variable regions.

» T cell receptors bind only to antigens displayed by an MHC protein on the surface of a
target cell.

» When aT cell is activated, it proliferates. Its descendants form clones of two types of
effector cells:

e Cytotoxic T cells (TC) recognize virus infected or mutated cells and kill them by lysis.

e T-helper cells (TH) assist both humoral and cellular responses.
30



Ewkdva 29.11 Ynodoxeac twv T Kuttapwv

To avtiyovo kat ta popia MHC

i ‘ npoodévovtal £6w. JF
y

> MetafAnTéc
B-aluoida 5
E€wrtepikd - 2TaBepEC
neptoxéc
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Ewovo 29.11 Ymodoyéog tov T Kvrtapov Ot vrmoooyeic tov T Aeupokuttdpwv eival Uikpotepol amd avtovg tomv B
AELPOKLTTAP®Y, dAAG TOL OVO TOALTENTIOW TOVG TTEPLEYOLY TOCO WeTOPANTEC 000 Ko otabepés meproyéc. Onmwg Kal pe tovg
VodoYelc Tv B xuttdpav, o1 otabepés meproyéc o1afepomotoHy ToV VTOOOYEN GTNV KLTTAPIKN LEUPPAvVT, eV 01 HeTaBANTEG
TPocdopilovy TNV EWOIKOTNTO TNG GVVOEGTG LE TO OVTIYOVO.
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. 29.5 The Cellular Adaptive Response Involves T Cells and Receptors

Major histocompatibility complex (MHC) proteins form complexes with antigens on cell
surfaces and assist with recognition by the T cells.

MHC proteins are cell membrane glycoproteins.

Two classes of MHC proteins:

Class | MHC present antigens to T. cells are present on every cell.

e Viral protein fragments are complexed with MHC [; T, cells with appropriate receptors
then bind to the complex.

 T. cells also have a surface protein, CD8, that binds to MHC .

Class Il MHC are on B cells, macrophages, and dendritic cells; they present antigens to T,
cells.

e When these cells ingest a nonself antigen, fragments bind to MHC Il and are carried to the
membrane and presented to T, cells.

T, cells also have a surface protein CD4 that binds to MHC II.

32



Ewova 29.12 Ta Makpodaya Eivat Avtiyovonapouotaotika Kuttapa

Ewove 2912 Ta Maxkpogaya Eivon
AvVTLYOVOTOPOVGLUGTIKA Kvttapa To
Bpavopa evoc avtryovov extiBeton amd o MHC
uopro  tééEng Il omv  emedvein  TOL
paxpo@ayov. O vrodoyéag tov T kuttdpov o€
éva e0wd T kOTTOPO UTOPEL OTN GLVEYELWD V.
pocoebel Kot va AAANAETIOPACEL TEPAITEP® UE
t0 ovumieypa avtryovov-MHC popiov tdéng 1.

Avtiyévo Npwteiv MHC

e taénc i

n To avTiyovonapousIacTiko |
’ kUttapo npoohapfaver éva
avTiyovo HEOW PayoKuT- |

. Tapwong.

To kUTtapo Siaond to aviiyévo,
oe Bpalopara eviog Tou :

~ (payoowparog.

Mia nipwreivn MHC |
1aénc ll npoodéver
| &va avTiyoviko.

6 To MHC napouoialel 1o
avtryovo o€ éva T, KUTtapo. [ ’
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Nivakag 29.3 H AAAnAenidpaon petaV T Kuttadpwyv Kat Avilyovonmapouoilootikwv Kuttapwv

mivakacg 29.3 H AAAnAemidpaon petali T Kuttdpwyv kal AvtiyovormapouaoiacTikwy Kuttdpwy

Tomoc
avTIyOVOTTapoUCIaoTIKOU Emupavelakr mpwieivn
KUuTTapou Avtiyovo mou mapouaoialetal Taén MHC Tomog T kutTdpou Tou T KutTApou
Omolodrnote KUTTapo Opaloupa evOOKUTTAPIKAC Taéncl Kuttapoto€ikd T CD8
NMPWTEivNg kOtTapo (T.)
Makpogaya, devbpitika Opalopara and ECWKUTTAPIKEC Taéncll BonBnukd T kuTTapo CD4
KUTTOpa Kal B kuttapa MPWTEIVEC (T

» Humans have six genetic loci for MHC proteins, each with hundreds of alleles.
» With so many possible allele combinations, different people are very likely to have

different MHC genotypes.

» This is why it can be difficult to find a good “match” for organ donations.
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- 29.5 The Cellular Adaptive Response Involves T Cells and Receptors

T, cells and MHC Il contribute to the humoral immune response.

Activation phase (in lymphoid tissue): T, cell binds to antigen-presenting cell and

releases cytokines—the T, cell proliferates, forms a clone.

Effector phase: T cells activate unexposed B cells with the same specificity to produce
antibodies.

B cells are also antigen-presenting cells— they take up antigens bound to surface receptors
by endocytosis, then display fragments on MHC Il proteins.

A T, cell binds to the antigen-MHC |l complex and releases cytokines that cause B cells to

produce a clone of plasma cells, which secrete antibodies.
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- 29.5 The Cellular Adaptive Response Involves T Cells and Receptors

T, cells and MHC | contribute to the cellular immune response.

Activation phase: A virus-infected or mutated cell displays peptide fragments bound to
MHC I. T, cell recognizes and binds to the complex and proliferates.

Effector phase: T, clones recognize other infected cells, bind to them, and initiate lysis.

T, cells produce perforin, which lyses target cells.

T, cells also bind to a receptor (Fas) on target cells that initiates apoptosis.

T, cells recognize self MHC proteins complexed with foreign or altered fragments and help

rid the body of its own infected cells.
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Eva T kitTtapo éxet évav unodoxéa
T KutTGpou yia 1o £auTd avtiydvo. ]

Ewkova 29.14 Tregs Kat Avoxn)

Ynodoyéag
T Kutt@pou

MHC
TPWTEIVN

D Eva sauté avuyévo |
npodéverar oto MHC -
kaiexti@statomy |
KUTTapIKY) Em@aveia.

: .
» Regulatory T cells (Tregs) recognize self T =\
avTiyovo

antigens. YnoSoxéac
T kutt@pou

» When activated they secrete cytokines, b

which block activation of T cells that are

npoadéveral
OTO CUUNAOKO
avtuyévou-MHC.

bound to the same antigen-presenting cell. 5. 1. oo | ‘
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