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H\A"\an \rmmun( Sm

nlte et other s,s{xms,%\c (MMmune ;yg‘cm is not lomlid to a s\'ns\c localion.
lnskead it ts spread oul \'hxough the entire body. The immune system ulilives o
secics of inlenal defense mednanisms thal help pro|ed celly of +he body from
pathogens . A paﬂ\ogm is any agenl, living or non-'(v{n’, thal can cause horm
to the cells 0( the bod.y.

+Thee pathogens can oy cause h
through the aic we becathe, the

our skin and so forlh.

A order for the immune syskemdo be effective, it musl be able to dislinguish
bedween ks own cells £ the body and {orc?n agents that can being harm .

Sudh reognilion is possible because the cells
molecules on the membrane , The immune systen can use these unique bionplecdes

b recogine (Ls oua colls

Sathogens such o3 bacledial cells have their own membrane macromolecules. These
{orcign macomoleculec stimulale Hhe immune syskem to Vaikiake a (esponse. thad
wn desteey the pathogen. Any subslance , sudn a5 lhe macromolecale , that can

wattiale on immune response (s called an ahé.‘gm.
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Human
cells

membeane prd-ctq
of the humen cell
used by the immune

syslem in self-
fecognition {L/\l

@

bN,’IHd\ cel

om i} they enber our body. They can enter the body
food we eat, through the wounds and culs 1n

{he Boly conkain unique marro-

P antigens that can be used by
the immune system
to intiale a
set of respanses
to kil +he
forcign cell

» The human immune syslem and iks defense medanisms can be divided

into two types - non-specific Cinnale ) immunily and specific (acquired)

inenunity.
\mmune Syslem
Y A
[nnae lmmunllyl({mmedidom

® Phystcal Borricr

«Our skin cicales a ph‘< ycal botrter
tha! prevents pothogens from enteiing

® Mucous Membrane

«Qut aic PoSfOE:L)ﬂ‘S conkain Mucdus

that Lraps ns thal enter alsn
iy r\“fc E?:w?hm}\\e in. J

® Flid Secions
«Stomadn secrcles HO thal kills off
pathogens entering with food. The
s, moulh ond eyes seciele an
entyme 4hal ills of baderia.

® Phage cyles and Neulrophils

.Q?amlitcd cels thad can enguj,f
and dos\wg pa.“.ogm;.

® Inflammation ond Fever

WSpecial chemicals can lead to
inflommatian and {ever, which con
LW of pathogons.
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™ Cell-Medialed Immunily
-This immune cesponre involves speu'ad
de{ense cells called T-lxmehnr!lu,
Theee ace several yper of Tocells,
including killer T-cell's, Suppresser
T-cells and helper T-cells.
<These cells have a special pralein on
tur membrahg thad con recognize
foeign antiqens and VIl of f the padh-
ogons .
@ Adtibody Mediated |mmanly
«This tovolues B-lymphogyles (plasma
and memery © cels) . These cells
ace rsponsible for producing
special dfense molecler calked
andi bodaes .
sAntibodics com circulade in the
blood and will bind to sperific
antigmms and inckiade a defense

re\poﬂsc-




Cells of Human (mavune Syskem

» beukserler o whvle blood cells o spalolht(\ cell thal can defend oue bod
fom Pothogens. AU [eukocyles oxfginale fron cells in the bone mocrow call
nematoporckic slem cdl . Leukocyls can n buen diffemtiale into a vortckl of

dilkreab cell bypes thal each have Hheir oun unique funcdion

| Leukocyles

(’) Ikﬁranulu!l«s

lr-Lmi«ylu )G el Kiee ] @

\) Helpee T cells

3) Killer T cells
3) Memory T cells
1) Juppresrer cellg

+ Leskooyles orc omee ba-like cells thol ore capable of Moving -‘:dopudm“y.
They can mowe aqainct the flos of blood and con slip through the
walls of capillories and. enfer our lisruc a a procens called diapedesic.
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l

(®-Lymphocyks]

1) Plasma cells
1) Nemery cells

) G analocyles

sThese cels ot choracksited by the presence o{ ngl\uk'. in Yher C\{*QPL’»KW\ and
by Hheic lebe-shaoed nudlei Newdophils are phagocylic cels thot can seek
oul and engu'{ badertals cells fhat infect our boly Eosmog\nl; ote nvoled

in allerqic reactions ond porontic infeclions Basnphily contain specral
chemicals (1€ histamine) that are invelued in inflammadion and also contain

an anbi-clelling agent called heparin.

1) thata!oql«

svhen preces of megakaryscyles becak of £, ey form skuchwer called pladelels

(¥eombecyles). These plakdets lack a auwdeus. When a cal in a blesd vescel
devdops, plaldels wtll bind 4o the cut ond agyceqale within mirules {o

(xen a Lmporary palch.

3) Ageonalucyles

*These cells lack granules ond have spherical or kidwy-shaped nucler

eMonocyles eater Lisrue and devclop ko mtmoﬁgd , Ohich ore lor9¢
scavenger cells thal engulf pathogens via phagecytosis

* Lymphocyler ace cells involved in Our acquiced immune response. They dif{eendidy
info Weee Lypes. Nadwal killer cols seek oul and deslroy afected cells ond cancer
cells. B-lymphocyles ot cells thal arc port of the antibedy medialed. respence
ey fuether diffecentiake inlo plasma cells that praduce the anbibedkicr and
nemory cells thad prokeck dhe body From re-infechion. T-lymoheeylec arc
ook of tell-medialed respoase. These Affecerdiak into killer T cells , ohich
(«M\gnh( fom’gn M“ﬂt'\} and d&ﬂ{loy pdb&(ﬂS, “(\ET(QH‘ ,ohich celease
chemicals oad acsishe maluradion of other cells, memory T cells | hich also
peoled frum reinfection and suppresercells | whick equlake ond ruppress

the mmune system.
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Innate Immune Syskem

AL

nale immune syckem consist s of 000-5pecyic delense mechonisms that ad

bmmed\a\e{j {0“&.)\&3 \n(c(\\on This is the prionany (ine of d(&r\;( osa\m\ pcrﬂ\(amg
Non-specific implies that il does nol depend on presence of specific onligens ; that s,
the innate immune sydem alacks all palhogens wih equal litelhord.,

“\]wa\ ?Dnlr((

»Thee ore sevecal anslomical struduies that ad as Pk,cu‘cal boutees Lo pathogens.

) Skin s Our skin comisls o( seecal layers dhal crcde a (lect Line of defense osain..d
imvading pathegens. The skin alio contains glands thal seacte faHy auids and this
cralrs an envicoamend fq chich mosl badlaia cannel grow.

2)Muwus and Cilla: Gobet el found along our air possagasays P“’A"“ a g.l.'cl,r

Cgens. Cili be sl 4
omd simely layes & mucour that dcaps pathegens. Cilia can then be used 40 mone
the pothogens to the owtside or fo our stomoch.

9 Aadily of Stemoch Pantelal cell release HCL, which creales o hi kl3
ment ot e off mos! polhogens that enler Hhe slomach wia ?Bo

) Teors ond_Saliva : Lymayme found. in deoss ond saliva helps breakdoun cell
walls of vadutol cells.

JThese becctecs doot ol\\‘ prevend {he palhosms fum enleing bul they also craake an

m\ws?blab\( enviconment in Lhich P"“WSCM cannot grow.

In{lommalion
1 Once ¥he anotomical p\vkal hoctters ace breoched ond the Po“o en enles our Aissue,

the innole imounily Men indioles Phe process of tnflammabion . In this process,
bliot;mflo\.‘) s Mu“{md 1o the wfeded area. This blood brings severa \‘mpopfmf
white blood cells = newdrophs, con‘nophds,basophﬂcs and mmo?)\asn.

1) Newdeophile - fhese cell ore cecruiled 4o dhe it\fodca orca and engu\f bacdecial cell
ond othes harmful agents ond Vil them u'niro.ce(lubr\\v . They cn eal up 1o
20 backuia before dying.

acidic enwion-
or vio MUEOVS

2) Bosophi\s : Releose hislomipe , oM coutes Hhe Ji\okica O\/ blood versels
Yeoding to the infeded area (causing cedness). The caprllones v the infeeled
acca olso become more leaky, which couses edema (swelling)

) Eonnophils  Thee granuloeyler ot specialied 1o fighl cectain parastes

M) Nowcophoges: The tncecased blood flow alss owaes lorge phagocyler callsd
maccophuaes thol can enqulf about 100 bocleifa Bf?orr, dyng.

5)Mast Cells s These cells are sidualed within the 4tsrue ond rdense hisdanae
ond other chemicals called c!{oh'r\u ol pramolc inflaml.m.

4 ) Nadwol illee Cells = Although these orc nol really involved. {a the inflam-
makion cesponse dicecHy, “\01 do kil of infeded cells and cancer cells
non- specifically.

Wi\\gﬁn Invades

4

[ ils « Mot cells releare
“?*mghm“m ond o\ c\m\u]

N

Capilloctes occ More Blood Flo

Watcofho&ﬂ t Neu\np\\ .\ﬂ

feduess!  [Brings phage-
Oﬁc?,an{.&u’
nuditents {o
fnicda& Orea

[i_n{cdeuhn-i] { Phagocydos is|

(Pus |

assage i
‘ of
Antibodies

/
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Adaglive \mmuce Syslem » Ankibodies , also called immunoglobulins, ond only to sperific ankigens Once
Mhen u\(cd\'on btqms, the innate immune fygl(m Kicks «n imﬂ\tdl‘o\c‘q ond uss non- t"’“““i- ‘i\\\? call upon other \eukscyles or they !Oft o%rcqa{, v form
spacific mechonistns (12. inflommation) fo destroy the 1nvading pothogens ond. beep arge inseloble csmplexes via o process called  agqluhinalion. 7

them ffom sprcad\'ng. During this time, the adaplive immune syskem i mobilited and  « Humocal immundy 15 effechive against bacieial cells, pacasiter, funqi, virucer,
begins Lo genc up 10 {ight the infeclion. Sevcral days may be needed bo adlivale ond tovins,

the specific defense mechanisms of e adaptive immune syslem. Cell-Nedialed Iramunity
+The adap’hc immune syclem. con be rubdivided. info av\{.‘bodymtd{a\d (humeral) +This inwdhues \eukocyles called T-lymphocyles. They ove {ocmed. in {he bone
immunily and cell-medidld immunily. moerow bul madure i the dhymus. In the Pymus, T-ymphocyler are tested

. lo ensum thal they do not alack 4he bedys owa cells.
Anhbodrchna\cd \mn\umhl (Humoral\ o Oie Hp( d( T- I‘Mphbc\{k is the hel e Teell , Rc\pch(e\\s release chemimls

e et oot oasd 1 e g el ikt ont. fofns. o el by ©-ymhels
f\odcs. matwe into plasma cells and memoty © cells,

*Ducing the innole immune response, macrophages engulf and deslioy pa{kogcw.uu.mr o T- lymphocyles contain membrane T-cell medon, These ml\;.car\ L{ud Lo.
they keep the pathogenic antigens and display &mﬂ on lheic membrane. The B- ant/gen compleves and With the help of Helper Tcells ,diffecentiale intfo

\phocyles conbain Bcell receplors on theic membrane {hai can bind do {hese cytotopic Tcells (aller T cells) . These cylotouie T cells {ravel 4o the infecied
macrephoge-bound anligens. aea and bind ko specific andigens. Once bound , they celease pouserful

1Once the B-lymphocyle binds o the specific anligen, aalls upon e helper T- proteans (perforing) that can dedl holes and kil the pa“losm.
cell t\\u\ he\ps it dl‘ﬂ‘ﬂ("\{q‘a‘\( Fuf‘“\ﬂ‘. Tht B-Nmphoq\«&n \Lﬂdtlyoc‘s ('\Oﬂ’ eln GM&‘O(\,T"‘{M?RM\'\H con ako {bm (h own ’V\(N\O'][T cell ar well as

oycles of mt\on: to produce plasma cells amd Memory cellc. suppressar_cellg thad com pegu\,a‘t ond tone dovn the ‘mmune response.
Plora cells ace “fotodes” thal produce antibedice that ace sp«({‘fc o {he andigen Heloee T cell ; <
that the B-lymphocyle wos bound. bo. Memory cells houever keep o copy 0? o3 B o) »Cell-mliakd
thot onlLibsdy in case of teinfeclion. Plasona Cells  Mernocy B cell : “""/‘ ‘é} o ) o immunid y vs
“'lV‘,T cell ‘ @ ) ‘7‘ ! " (ﬁcdlvt
( :':; s (;Fi Y i ‘ L SV GfN‘
Vl'ﬁ'umlla“on 7 { A @ infectd W} :;?{edd (E“}'

B—\\’.T\uqu ond milpsis

3 -® . ( Q

. - - o » 4 T_l e
® ’q} U O (X ymghocyte ) %:f cell
il O i (:Tf)‘(yio*ow Teells

Mocrophage
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( r\on-spu-'ﬁc )

Innale (mmuae System

0 Most Cell

4

.

oLocaled in certain dissues ond aleng the

mucoas membranes, they can be sliowdald

p by pathogenic andigens lo celease hislamine,
hepann and other chemicals indo {he bleod.

‘These 10 b stimulate vasodilalisn of bleed

vescels, Iacease peameabilily of capilloctes

&in cucface

| Adaphu \tneaune ',,:_"rf] L*?“'{’-)

eatside envlcenment |

/ .n.,oa(r-, ?ou\darn
——— ',-,//. v

& \(t. { —
a; . .

Q

Bl Pt\'nu,‘/{

(u‘ o shin

skin @\ .
e o) L

e

T-L!mg\m!h(

oThese cells

%

*By inlcracting widh other blasd cels,
suth a3y deadeckic cell, they diffcentiak

into plogma cell s (preduce anbibedis)
and. memoey cells (store ondibedics)

dffeentiale in four dypes

JAssisd with B and T-cel dif[ecendiafion
and releoge ehemicals dhal calls upon

marephages ard olhe cells

Teells N

B o specific cells and releose (\«Am:(?
tha! N&Q Lhem (re vnfedcd (({L’f

other immune cells and e
neqolive - feedbark rarchonismg

Yo furn down our imtaune
fesponse .

Nemeny T-cells
» Swdor Cundion Lo memory

decease bloed- clotling and call upon .
other while bleod cels ¢ ieduce M{hanM- R {1 quEnT‘(eI\s
® Dendrilic Cell —;ﬂ&_f - ,',.'/’: ——
shocaled n We epithelial hssue, dhese / : .
cells link the ianate immune sysiem {e @'b IS =88 Cyloboric
e ' the adqph'w inmune sv)lrm. ]’hq e : i ,_: *
% aabigens ond punh‘ themn on the membrang  Blocd (lov ‘o, )
jo B-cells and T-cells. — endéthelium of
/ blood vesrels S‘uw.nw. T cells
(aﬂm\mét\s s - — N R .PgauT
: “These ore the fiest-cesponders  fo teauma. @ Eosinophils @ Macophages
@ They are phagocytic cells Hal can engulf oThese have lads of vesicles = These are lwge
pathagens . Thyy migrale from blood ond thel release chemicals thal &% phagecytic
iy infecddd dissuc. bill of pocasiles Alse iabed T 227 cells Bt engulf
in allergic reackions. pathogens, fnfuw

ngﬁ'\z
@

“These respond. Lo infections duc Yo porasiles
o allegic reaclions. They meve from bloed, {o

Lisiue asd release hislomine ond heparin,

celly concer cells @nd
any dt\mt fovu‘l i the
Hssuc.

“Moves fom blood and
iro hfcdod lisyue.

@ Nalural Killee Cel)
é) ?Ciredales in blood and mowes

‘nte qffeded tissue. Bind o
infecled cells and cancer cells
celeases chemicals and Lills
them of
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; 3 . thorate dudd eollecks lymph (i
right subdovie®  § : The tho ) ymph fiom
VR Nl - ,';,/ | owee n‘ghl pact of He body, the GI
mﬂs“c\(m ona the \eft side of the bod y
e and i\ coonedds 1o the lefd <ubclovian

Lymphetic System
+The I\{mp\'\ah( syslem s nchworle o§ vessels that goys a role in flut'd \mmumi\’
and §luid homeoslasis . Withood Hhis system, fluid buitd-up could quickly eccus

van.

in eur lissues, ‘(uAir\ﬁ lo mony gecous <0MPli(a)n'oﬁs. \‘Nf*"‘h ’
Y g 1 The right lymphotic duct cdlecks lymph fiom
(e e Aecall thal hydeostalt : , «+The right lymphotic duc '
cdls 0( @(‘; CZ@ caPiuor\’ fessuce fOK(\' blood Me d%\\\' evd e of the hcod, fhe neck and
e chest and emphies (L indo the right

(t‘fo‘::d Wﬁ‘ % o4l of e arledinle n:d(
(] " AN of the capillary and. infp ,l “(\f““:;“ subckavian vein.
2¥then the bleed plarma Mon many porls of the mekoléc <‘SL¢M ote small mosses of {issue

oossd w45 NS <
vescel ( /. QQ B intetstitial tissu “"J{S
S\.BMJ@@GQ @. - \D the interstilial bssue.

A Yo Q) "4—v ul .
Jmm‘c_‘:Og@ (’%@%{ e f’t“rs he ‘L's-me SP“Z' called lymph nodes . Wilhin these lymph nodes ore cavibies called
(l mh vesel M o: ev:‘asg:c:\c\'s\bfa:hc sinuses . bymph cocrying leukocyles such os dendrilic cells enkecs these
. ! lism‘c‘, - cavibies . Inside these caviles other leukocydes Na\ os P\“"F cells Pr;hdw(
Py « Onbbodics and there ondibodics leave the \ymph sinure; fm the ofhe,
Sy » On the venule side of the WP‘““'Y’O“MO{'C end. \numid.‘t-‘on \':ukoa‘;hs m:\: o:or*““P““Q" found (nside the nodes
y wesure pulls the blood plasma back into Bler Wb Wmink el - el et
7 copillary :_) e Hood vescel. Howeves, this pressure is not e EAPRUBNG EH T PRORTE
=3 . — ceod cmﬁh and cot\vu?i pull c'll ofii in _ oThe wolls o{ lymph vessels consic] of endotheliol cell
R Nw\ndso /. o‘f *:“Lj{“'d cennaing jo the [/ lymn ol ovedap sliqhtly. When theee is o bulld up of fluid in the
/ Sutounding wicshi ly spoce. c : d ¢ that th
i h: ems Lo this 167 fluid T 1F & cemains in The dnue spoce, o4 wil leod T bissue spare, thal tealq. fluat pe VW\.( Plurkc; on e
PP . i cells . Thie forces the flwid Yo move rado fhe ‘“‘?h vegsds.

10 o cotinuol build-up. To prevent this feom hoppening, our \ody wses \ymph \ymph
‘ olside Yhe \‘mw vessels s a syslem o( one-uoy values .

yorek 4o drain dhis {lud oud of the inderslitiol spoce. The fluid then trovels T
ko lorger lymph vessels called ymph veins. Eventually the \ymph vessels These values as well os the endothelial cells spen one way,
reconnect Gith the bloed veccels and Yhe {luid s edurned bacle inls the blood . whicl teeps the \ywph isdde and beeps it moving in
\\ro\ua\\ the Moractc duck and n'sH' \yn\?ko{i( duA ([ one ducclion
N +The movement of stelefal musde puthes against Hhese
lymph vessels ond helps keep the lymph Moving,

&

Exit full screen (f)
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@_L‘JTP}‘_‘B‘_YL“ ® Ar\hyn binds Lo :P"'(" B-cell cecophor

-B'l\{mﬁmyhx or simply B-cells ore fhe whle blood cells of our humoral © / @O;crc‘:v‘v::dﬂ:z:\;c‘::; S
immunily thot orc (rcpmnblx (or 510“165-11'03 ond s%dog anhbodies. & L = ﬁ jl‘ffn 4 (fa“\og(;\\‘( o“g,*qc? o515 dakes n
M((}\on\'sm og Aclton L&) ) @ " /@ @ D\'se(hw entymes breok doun Oﬂ{igms
«Each B"Y"‘P\"“Y\‘ is mode 9?“*(“““1*“ bind 1o P‘"‘L‘““l‘" P““‘%‘“if— » % > Q:; © ER | 30\9\ synthesites ond modifies the
anh‘gen. Thot means thatl %-l,n\pocy\c( conkain re(eplus on lheic membrane @ anbigen MHC class T pechein

called  B-ce\l receplors that can oHach to fhese anbigens. These onbigens: ® Ankigen binds anfo MAC closs T orskein

«Nedd 0 helper T cell with a coup\emmkuy T-cell cecepor ( COY* 9\’((paolein\
locabes ond binds 4o the aniigen-MHC class I prolein on the @-cell,

() ore ethec floating {recly in our lissue ot
(2) they ace aHached onvo the membrone s of ma(rofﬂvas-, o Andaibic cell.

4 o‘Lisﬂ‘
B ok ""‘*“3"" V?E;s:j s {
)fé L @

pr rat

1)\4 Mdcro?hogt

I's ht‘Pch-CC”

,(1:-‘; /'/\\ \
) - b ) )
3, t':’%/" \ - T-cell . '\ Lomehek
L e b
eThe 9>-l1m¥\mqh can eithee bind to a flte-ﬂw‘fﬂg an&isen ot 9rab the - L VR g

arbigen off of anethec leukocyde. Whot happens once the anligen binds to i
the Bcell receplor 7 B-lymphocyle

JThe cell then undergors cell- medioled endocilmfs,u\m'd\ is the process by which e This inlecaction causes the helpee T cell 4o release lymgho\n‘m whichs

the B-cell engulfs the anL(3ch info the cell. [t then uses ibs dfydiw ) shimulade Hhe B-cells to diwde via mdosts and preduce many clone
enymes to break the ankigen down afo smaller pieces ond. ol the same copies with identical B-cell receptors specifre for that antigen.

Ume, e B -cell begins {0 syn“miu a Membiane protein tomP"l called 3) stimulate dhifferentiation of B-cells indo Mma cells , which begin
major histocompakibilily complex clase I (MHCelassT), The B-ce(l pwdua‘m} P\aw,_,—,m,h ol sikile uersivnn ot Ohe B=call
then iasects the MHCcloss T prokein along with he aw\ism onto the receptor [ ve- ankibodtes 'Peu'ﬂ'(_ for +hat °"&"9°")‘

cell's memborane. 3) stimulale d.ffercnbiadion inlo memory B-cells.
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.T-Nw‘nqks or simply T-celk are he Lhite blod cells hat moke up our cell-
cnediated amuniy. Lk B-cells, T-cells ako have thet own membrone -bound rece-
plors colled  Tel (qge\u;,

sTheie are }wo NPN of T-celle thal can b( dl'l'fnguisgd by “\(\'( T-cell f“fP‘"'A
Algha - Beto (a®) T-cell's contain a T-cell receplor that has an alpha and o
beta subunit while gammo- delta ( - S)T'C?\\s hove re(epbq (ohmhas Of
a qamma and delta subunit.

P T-Lymphocyles

Aecal that the On‘\u'scn-Pme"'ng cells (APCs) of eur immune syslem such as
B -lymphocytes, macrophoges ond dendritic cell engulf antigens and aHacy
{hem ondo pro[h'n comp\cxes called major histocompatibilily complexes (MHC),
Once the Pa{\\ogcm‘c anhgcr\ is bound fo the MHC, its the JoB of the T-cell 4o
(Cognite the poﬂicu\w andigen - MHC compler and bind {o it.

oMong Lith the <P pralein dimer, o ® T-cells can have one of dwo Wpes of
a\yoproteins found on the membrane . These aclude the cod and cps dyeo-

F‘o\(\'m

A) cDH4 T-cells

oo %\‘09‘0\““ o T-cells that haxe the COM glycoprolein only bind

to the MHC closs T prolein membrane. Once
they bind , The T-cells can erther stimulale the
(1) humoral - immunity
Helper T-cells ace cDY* cells that bind fo
B-NM#WC‘{"S and shimulalc them {O onfcr.
enbale info plasma cells ond memory & cells,

== 4 » M-mcdmlfa immuarby
B) DB T-cells '

¢ These T-cells conlain the CO8 9\y60pvolt(n next fo theit op P«-LM receptor
These cels can only bind to the MHC class T complex . Recall thal this is
“h comp\n Ultd ‘{0 O\iﬂrr.-nl“alc bfbf('\ h(a“kY (C“) OHA |‘{(((fd (e"g Of
our body.

* Cylolonic T cells acc evamples of CD8* T-cells. Generally speaking, the cole af
these T-cells s Yo {ind Hhe cells of our body which have been infecled.
«Suppose @ virus, sudh o influena, infecls our cell. That cell L take qn
antigen {om Hhat vitws and atlach it 1o ks NHC class T membeane prolein.
when a cytodoxic T cel) locales and aMaches 1o the infecled cell, i} will

el e poweeful proteins that will desiroy the ifecled. cell

0% 3\‘co§mbif\
‘ g Release chemirals thal
CDB . I/n{\eded ” Eill the infecled cel|
@"' t cell
MHuC
class T
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T-lymrocyles can be calequied based on Hhe type receploc that s found monow and diffecenbiale in the ymus. However, oce they ar formed and

™ thl Mmbron(. Mp\'\u-%da T-cells co“lau'n ("CP}ON mode OY o dpka ‘Old!, " '“\c. H\YM\A, “’\t)’ Mmove nto the biscue o[ our boa] that 7 u'fam
and o bela subunil that con bind Yo MHC class I and MHC clacs T ¥ ke ouliidE Euenment
tegions of ontigen -presenting cells (APC). eTherefore , qomma-della T-cells ore u.ua."Y found nel to the epithelial

. Gommo- Oclta (Y-8) T-cells oie e second dype of T-lymphoeyle. They have  jicue of our skin, lunge, indecdine, edc.
o membrane ceceploc thal is made up of one goma and one delta unf. 2
Fundion ( ,)

¢ Siace Whese T-cells do not bind ondo the MHC moleculer of andigen-
preseabing cells, they do not depend on APCs to funchion sod carry

/\onh‘su-kisdn'ng site «The vaciable seclion of the fmp\of

ﬁ} vaciable (egion coMains an anligen -b:‘nding sile

Mol can biad 1o fom‘gn anh'scns.

} conctont reginn oul their immune responce.

QL 4cell membrane *Although their exad funclion and mechanison of action is shill not oy
well knoan, they arc believed 1o be poed of Hhe f}rd line of defense
\What types of ankigens com these gomma-delta receptors bind. 4o 7 and ccem Lo racd forler thon «® T-celc, In addibion, the anligens {o

h | d 1 A of h
() Fully (ntact andigens that have nol been degraded by other while blosd :\k\‘d;\s:;h:‘: “nc;u:‘:sr:‘;\s' o arc nol only found on pothegens themselues

cells 1ato smaller ones. In this woy, they regemble (ree-flooding ontibadies

C Mﬁn S O 5‘\;(““\0‘(; tepair \‘”\Cl‘u
(2) Any anligen that i 2* bound Yo the MHC clags T or MKC class TD Y ‘ \0 o Q P O(tp M.
molecules ?W“’l on other while Bood cells. » @ \mmunvsurveillance

(3) Anligens thel arx nol bound. fo the membrane of an{t'gen-ymmiuhj

edls such o5 maceephoges, dendiibic cells and  B-tymphocyles. ® Seem Yo indirectly affect 4he

cytolysis of \ocal ontigen- prese-
nking cells

@ ﬂesu\ak {he u‘qﬂ\u o{ other
white HOod cells to ﬁ\{tch

fca.

> Theecfore gomma-della T-cells bind to ondigens Jhat olpha-bela T-cells cunnd
bind Lo- \n {acl, most qamma-delta T-cells do nol have the €04 or CD$
3N(of(ohiml whidh meons that they camol bind 1o MHC class I or class T

molecules.

Of\hdrr\

epithelia) ca”’y
L )
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One por‘\‘mlun\y po“\oqmi( agen‘ thal reodily ofjects our immune system
is the human immuno deficiency virus (HIv). Transmitled “\rouah bodilf ﬂu.'ds

suth as semen of blood, & wades cedain [ymphocyles and {uens them into

icus- producing cells thal lose their fundionalidy os immune cells. This leads
to a medical condition we call o acquired immune defictency <!ndtom¢ (AIPS).

Mechasism of Infection
gpno
«

TN

&2

\/'L/y

s HIXY conlains a q\ycoproltfn (9[)‘7-0\ that can binc
onto the COU prolein of immune cells. Recall

thal helper T cells arc CDY * cells,d\\'d’\
means HIV otlacks these white blood cells,

«Once bound, a second glycoprolein (gpu) slimulales
cell~ medialed endocytorss. Ths {ures the cell
membrane wilh 4he viral membrane and rdeases

vital conlenls inlo the cyloplasm.

*HV 150 M'd‘(‘h meons  has an entyme alled reverse Jeanscriplase that
can {sm ONA from the vical RNA . Another emyme called inleqrase then
inlcgralec the viral DNA Gith the cells owa ONA. This tuens the ymmune cell
inte a viral fackocy thal begins to produce viral proleins needed to form

mote  HIV agenbs.

M
e |
o]

wlu

Hel per T-cell Infecled Helpec T-cel|

) Earl! Staqe- (~2 weeks)

2) Middle Stage : ( Months - Yeors)

3) Loke Stage: (A\DS)

T-lymphocyke Hat s poc of o oAapvhv?'(ocqu-'ud\ ‘mmunily So whals

the big deal these helper T-cells ?

o Helper T-cells o exleemely impactant and oversce a mulichude of diffaet
processes thal ollow our (Mmune syslem bo funchion eflecdively and effici-
ently. Alhoush they do not attack pakhogens directly , they:

(\) biad 1o T-\'mpho(\,kx and stimulale them Yo diffecentioke inh
sycdo.\iuo\ T-cells sudh as cyhotoric T-cells,

(2) bind, to 5,{',“?\,,‘4\,, and induct diffecentiation inte plasma cells
and memory B cells. These produce and store ontibodies.

hemicals (cytokines) dhal stimulele macco phager, neulephits,

(3) release
s and other cells to infhrale o defense cesponse.

banP‘\i
o theeefore, by destroying our
u\\(maul\, weakens both
{MMune sqs{cm. As a result, mnost
othec infcctions (le. cormen celd, preumonia, elc)
inabilily to mount a preper inmune cesponse.

Haqes
<A person i'\rcdul by HIV eyperiences

vopuldfon or {‘uud(ol\Q\ h'\?“ T-cells, v
the ianale immune systim and the adepied
individuols n(ecled with Hy die from
because of sur bot\‘s

three stages:

[u-like symploms (fever, aches,edc) and haos a

JThe individual eyperiences
the bo&‘.

tqh level of vietons (n
oNo visible rymploms , lows lovels of virus, presence of antibodies and o sbo bt
continual decline in % of helper T-cells.

sRapid dececase in helpeT-cells ond ncrease in rale of infecdion and cancer.

Human Immun System



'The oma“ goa\ o( sur (MMuUne ;ys\m\ is ’lo pco\fd our \aotly From pe o,mf.

: D)

Howevet, He immune syslem s not pecfecd ond sometimes incortecly labels a | S ——

non-hacmgul f‘tdqn subslance as ?a“\ogf“f(. This causes o defensive immune sl 7 Suiaee PO“cr\ Porhd“
response Hhal is called on allecaic ceacdion and fhe causing agent is called _

an allergen D - /Onkgcn

+ Allergens diffec fiom one indivdual to another. They con include substances Fouvd Ej:jﬁ—\_\lo— epithelial cellg

n e ave such as Po‘lcn, cerlain fouh such af peonulf or chwix such as
?cmull\\ﬁ-

M edaniom of Allecgic Readion

s ™most cells

+One vey Commen allerqic reackion s hay fever | Ghich is the woy our immune
g‘:!;,,:vmponj‘:h Yo 3;?;;5 Pollm. Wwhen the a\lusn‘c indivdual (nhales pollen

arbicles, these meceoscopic porl.‘cles o recognined as ondigens by our immuee p)
rolly. Plasma cells of our adoplive iovnunily begin do celeasc anliboﬁtw’fm“‘i TMM‘le\M{AE
.mmuwio\uh'n E (IqE). These ondibodies bind oato while Hofd e ‘o neotby
lissue called mast cells. These most cells codain 5ranules (tiny vesicles) with

e wost cell, the allergen can bind onto the vortable seclion of the anbibudics. o ® froduce IqE

These chemicals (n arn cause :

® ——
TqE bids 1
o varely of immune chemicals suck as hislomine . Whea anbibodies bind onle Alasma Cells q l gNos! Cell s l:||
°

) llen| - |Al I
() vasodilabion of bloed vessels \eading %o the infecded” arca. @ e

(
() incceate i pereability i ACOPL\’ caffuarfes

| anttgens Ries ot | o
r Histamine
This con cause edema (swelling), runny nose, redness and respiratory ‘floums ©

05 o cesuly of oie passageoay consinction.

®
=

Antigem binds to
Iae 0( Mos{ (ells

o This dilalec the blood vessels , Which bungs more blood f5 thol orca (counnyg

redness). (b olso {acccases the leakiness oF the capilloees, Lhich con leod +o

dema (sw“ing\ and Caufes a "runnY' Npse.

Human Immun System



Anlu‘qm Present 0 Cell (APC)
‘ -

\ e - ﬂ
.K‘Qy\ = ; B \ackerio . P 2/ |
\‘\0\“‘//- / @ / pie: y tleulin - L
/ \' "./ . /'7\‘ o “
: frapome J/ Mncﬁjﬁ L" X
" mouof)‘\oac s w/ ov\(.‘agq » |mdiva|(d (CD"") / @<
. - T Helper Teell 4
Cy oKines ¢
1 s 4 :
Cloned (& S ;.'1\ g;'l @ I K(:L‘ \@ ~a / MHC closs TC @l
HCIP‘T"&’? .Y ‘ : * . = ~ . ‘ ‘f: (Y‘bll'nes 6-"'"#'“(3‘( & =
. ‘ rs Q;‘\\;_( /M
Y gj ) v
c;hh'ncs w Activaled “CIP"TCQH ) / @

ﬂwma cells )

oo Yot Tl
e (™
G \

* oa®

SO @y

ﬁ« \\( M'mof, Ce“ Cy“b"bl\'(
2\ 5 T cell
An{lkcdfc(J S ¢ r (¢pe)
"\ )
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@Z A 3\,(0Proldr\ found on He
membrane of immune cells thal
binds onte MHC clacs ]I.

(ﬂ'- A 3lycopfo{a'n fouhd oa thnmune
cells thal bids onto MHC class T.



Antibodres and An*.g(n_s_
» Aotibodics ore highly specrfic proteins thol are produed t;{ plasma cells of

our gnmune system n response to pathogenic antegens. The primany function
of on ontibedy « Lo bind lo s specific antigen and label it for destru-

cuon by our immune syclem

Shraclure

+Arkbedics , oleo called immunoglibulins (Ig), cosisl of four polypeplide subunils

+Thee four pypeplidea connect via covalent bonds
called disulfide ‘m‘dg« ond fom o Y-s\qped
studure. This Y-shaped sliucture ontang a

% constont cegion ond a variable tcgion. As the
Vqit choins name vhph!s, the constond region does nof ral

Heavy change {rem oae antibady to amsthee but the
Mainy vanade regioa does.

+ e variable region 1s bl Jo contain @ specific sequence of omino ocids that
can bind to the specific anbigen hat it was buih for. Thecefore, the varcable

xqma\\; coataine the Mksm-hm' Ah 3 "l‘. The fegion of the Onh'gm Hat
binds to the onligen -binding sile ¢ called ankigenic -deletminant .rc_g,hg_-

AN
K />.; variable cegion
} conclant ms{ons

sThe comtont mgions ore weually wsed do bind oals othe, stewckucs, sudh os

t:lmmm of immune cells. e onstont (egion delerming, the by pe of

cn\iﬁu -b.dis sikes
v

X

anh‘smu

¢ ddempant
/ (qlbfg)

antigen —{

) IgN: Found on B-\ynplecyles and highly effective

Fundkion

+ Albbodics can either be found aMached {0 cells they con be found circula

Wng in our bloed. Ecther way, Chen on anlibedy locales and biads bo 14
specific antigen, the ardibedy-amigen complex elicils a recponse that will
inhibit ¥ patnegen . Sevteal dufense mednonisms ¢ yish

© The onibody -arkgen  complex may inacdivale {he pau\og.n For iastarce,

a fice -floating antibody that binds oot a virus may inadivale ilg
abtllh Yo bind onte receptors of healthy cells.

@ By binding onto the antigen, the antibedy can label thal pathogen or
ifeded cell for destrudion by white blood cells.

(® Sevecal aatiyody-antigen wmpleres can 0”r¢9d< to form an insoluble
compler thal inactivale the pathogen.
R e

-
= o 8 ‘ % Iﬁf\cdcd

CY%:& - = \ Cell

; Tce 4
. > :‘« q ::tsl \/
<.
Types
eThere ot five closses of onlibedis - T90, T9A, IgM, T9G and IqE.
They oe grouped by their sequence of a.a.'s on theic consfant region.
)IqG: The ondibedic nd i th “ood fhat are invelued ia imevng (o +
= pG:\ogtm.Ha'\cr:: the mo;nl’ of ankdodics n owr Hood.m‘y o

ogai:u‘ nruses.

HIQ€E : lwelved in alleqic reockions . Binds b mast cells [bassphils and causes the

releare of Wiskaming.
YI 4D The anbigem recepler found en B-\qu?\\oq\s (Playc cole in aﬁhkﬂ( f“']
HIqA * Primary onlbody found A air possagcways and digatin {iact

Human Immun System



Adtigen- Presenting Cell (APC) Dendeilic Cellg

sThese e immune cells found in fhe heues of our skin,lungs ord 6T tracd

Al palhegenic ontiaens that make their woy to eur body mucl be presented to | )
T-lymphoeyles of our cel-medialed ‘nmunily. T-lymphoeyle houevec cannot - ,/f:{r‘-g:“ N
bind to antigens dicectly. \nckeod the onbigens mut) be presenled o the .

\ e
T-lymphoegles by anligen- presenbing cels such o5 matcophages, dendrike cells, -~ ¥ 4 b w. /\

and  B-lymphoeyles.

an\(scn
Mﬂlro E‘\Ogti \ MHC

» P /\.ﬁif\:uﬂ
Yo @ -
\

\ o When Yhey encouder onkigens, they engul{ them , beeak ¥aem down and d"P"Y
themon their MHC closs T membrene Pfo{e{n They +hen travel 15 4he
ymph nedes or spleen and idecacl Gith the T-lymphocyie tha! has the

e * coreeet T-cell rctep4or (CDL|). They then skimulale ofher de¢{ense mechanisms

+Whea infection beging, the innale immune sys{cwt. cally upon maciophoges These  B-lymphocytes

ol engly the po“ogm 'd“g'd s "m‘de‘ ituoles ond Prmnl» “‘( pd‘“msmrc v B-\ymphoeyles are ?°°l of eur humoral immuniy. When they approoch {oltfgﬂ
ankigen on the MM C class T [major histowmpolibilily compler) found on anbigens flooling arourd he disue, Mey bind £ hem via specil cecephers and

e nbrne, take them in via rcc(phhma:l\'aled e\&oq‘on'y Thq Yen bireok them down ond
T-lymphocyl such 03 helpec T cells that contain CDY glycoproteins on display on antigen {rogrnent on MHC clos T molecule, When o helper T eell
fheir memorane con bind. & these ML t\oul'ohlu'gcn Complox and binds to the B"YMP\““‘I‘“, it Hen ‘nduees b Yo MuIHP\[ and d.-fFem.

btgr‘n an \mmune fcprﬂ“. .’ “L\G’l‘l "A{O ?lmmu cells onal MCMor‘ (eu‘.
M“(i\wl L ) » Release chem\'m\; @ %

o0\ - l ‘ .' e )-’p Plasma cell
T-\CCQ < # Adkivation o{ T- cells S G » 5

BAymphoaylc Helper T cel g

ML;SM ll_(:;il:)r : \ Activalien 0( g-ells :@ cells
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The Complement, System
The comphennent syslem consisly of @ sects of mednanisms thal ulimaldy prolecks our
healthy celk from anligens and pethogauic vafeclions.

(Qlasnical Pakhwsay

The dassical pathuay s liiggered by the {owmation of an antibedy- antigen compler
Thewe o over 30 inackivaled proleias floaling oround the blood thal can be adivld
o a result of antibedy-amliqen complex fornation. These proleins con then crcate a
caxade of events thot wilimately desdeoys thot anligen of pﬂ“\b‘jﬂ\\l oqm*.

c1

<01 v o prolein compley comnsling of :
6 ﬂb‘t(ulu of CA‘
.2 ol ecules off Cis. 7/
2 molecales of CAr.

The consland region of ceelain ontibedies (IgM ond Iq¢) can bind onlo the Ciq

mokecule of C4 compler. This in tum aclivales Cir and €15 molecules,

The Cis ¥ a Senne Pfa\to;( and can achivale the c2 ond ¢y mmrleus.

FEASE

S Cis

cz | ‘ [cia
/ cip )
(c1 TN = - Ty } cwa
'_(,"' —— icﬁ‘ | COMP X
MACEL R

«The CYb-C2b compler 0k called €S converlase, now goes on 4o aclivale the (3
prolein compler.

(%%

oThis is the mos| abundont prolein of {he complement lem. Th
ocks 05 a seine prolease and clesues C3Pi~lo Voo ‘uvz'\l;s '

Cvb-C2b wmplcx

r ’
rg‘z‘b; | cs | - |C3q| - ICSII

+ Binds covalently l

Ovsom;\ » A " o anap\ﬂy\ohxm . <Lum:\arb; xr'nmum
l C>b l wolans and callg (i\:"o ;lm'_\:ﬁ\ .
s X C 1COAS Tuin G

upen p\agoqm @l nickarwing.

cells.

\")far\(
| e of - /c-\r_:g\
/v Qo\\m‘jmll cel) eﬁ°<\( ° arop},/,/

¢ C% con ako bind alllerically 1o ancthec omplement prolein called 5 and
pegore k. for cleavage by the Cb-c2b complex.

cs

The €5 complement prolein quides 1he formation of the membrane aback cople

@ C4b-C2b complex cleaves €5 info (s« and Csb.

® C5a ads as an anaphylatoxin and olso acts in chemstaris , chich
meons (| can attract immune cells such as neulrophil .

® c5b serves as the foul\dd-hbf\ for the membrone atack (omple; Csb
binds to Ce,C? and Ct molecule to form the Csb 633 complex.

©® The CSb-e 3¢ complex stimulale many (9 molecules to bind 4o the
membrane of pothogenic cell + This forms a channel thal fulls the cell wh
fluid and lyses it

Hz2 C H,t
O [coa |
R (Y RN <
et ¢| (S
L-ZE] : '~ [C_.SFI ‘ _EC;S?; cell Membrane
= — [&]<1] K ca ol
Summaoi Viewhia

® Celt lysis of anlibody coafed cells
® Chemotaxis by CSa.

® Opsoninalion by C3b molecules.

, theecby ac‘iva“ng it ® A‘n\w‘\'f\dion

® Promates {O(MOA(M of onlibodics

Human Immun System



Complement Syslern
Ahe compement syskem conaishs of the dosical pathuny and the allonativ pathoay.
The classical pafaoay cequines °""L°AY'°"""3‘" Complesee hile the lober does ok

Alenative ?a“\my
+This pathoay 15 digaered even in the absence of ondibedy -antigen compleses! “N?

Prokein C3 can achually sponlanesudy conveed indo C3b. When aseund heakhy

cels | con bind onty heolthy cell membeones 4 be inoclivaled. However, pathogens
suh as baclrial cells do not hove #hese same ihibilay membrane peoleins.

O C.} "E;b ]. = ':—- // Iﬁkl\ihn‘ Fﬂtcm
121N < ab
@ \/‘ th“\, cell membeane

jre— &) =
C3 S ——
® L") - @‘a Faclos 8][C3b] C3b-p1 Complex

«The C3b-8b cong\u » a ¢3-converlace and con od @
@ on <% molecules do form he  C3b- Bu.Cab complex which con go on to
activate €5.The €5 then forms the membrane atback complex,

® on ¢3 to fam more C3b, which ompla‘(‘iu the casade.

(O]
L")
<,'.,a\amcuxl1
Foctor e >/ C3b | v “ [c2a]

S
* [C30-0b Complod w—  [C3b bl b compled \

:f’l© [Membrant
AHack
@' @ Complex
t
oy ffec

Requlakion of Complement Syslers

Mony ':oh\'m ore wse lo coalrol the u"\p\m\m\ wsade .

O Facloc I - inaclivales C3b.

® Factor W - removee B prolein from the aboue pnﬂmay.

® CA-\ahibilor - binds 1o c1 commplex of classical pa{kuay and inhibiks
aclivatioa of ¢2 and cu.

Human Immun System

4



Immunization

»When our bo&q s exposed. to pa&chn(( an}.’Sm; it begas {o pro&ucc anl&odlcs
Sp&-((iu gb( thal Ontigtﬂ. These antibodtes biad {o the av\h‘gcn;, “‘\u(b‘ labc\mg
them o destraction by our whde blood celks. | we ace ever tetnfeded with the same
anligen, our body will olrady have the anbibedier lo deal with {he pathogen.

o Suth a process i which our bedy devtlops immundy fo the pathogen by being
direcHy evposed. {v the anligens o called addive immuntly. For example, poople
who ae evposed. to chicken pox gain od‘le ‘mun ly and will be very unmc\y
to ever fed the sane <fFed If they orc exposed to i+ again

Ackive immusiby can be achiewed either:

() nadwally Ihough some soct of exporure o the pathogen (infeddion),
(2) orli{.cl’al}’? via the process of immuairakion, hich nocmally involves the

\n_\ul{on a vacine-

Nacines o aormally devdoped. in laboratones by many diffecent methods. Typically
the pathogen iy inoculaled | hich means that it 15 changcd i some way so thed
4 does nol damoge the body 0s severely as it nomally ugdd. (n many corey, the
pecson does not shou any visi\;‘c ef{ecd when lhn{ art vaccinal ed

oin ordec do rdue Hhe effects of dhe po\kogm,rv\cd\'w\ researchers muaN use soMme
small pard of W anbigen 1 the vaccine. This way, the body can shill produe
anbibodics bub the body is not huek in H«rrro(e;;_

oAnothec form of immunidy is called passive immunidy . [n pussive immunidy,
anbibedies orc devdoped na laboralory thal orc spea'ft‘c fo sorme P“{hoyml't
anligev. These anthodics orc then injecled into the body and can persist in the
blogd  for munths before being degraded. [n dhis Loy, wecan devdop an
mouncly Yo o cerlain pathogen L«npomn'kl, Node thal since the body is hot
ockuslly eyposed. ® Hhe onbigen, it doer not’ produce memory cells.

o Passive iamunydy can also be devleped naburmally,

"u‘rnr' womer ) v
thewe deviloping (ck” pass fuc mm\de by podusing immunoglobulis G
G won (uil\1 pass Q«ross the ?\mm&u\ raembrane and. can prolect
&( ?dus w\'\\\l. &ku’r own MMUNE sqs\(m is st Agw_l(,?(r\rj‘ .Lr,f_or\(_r
examp\« of natwal passive inmunily orcuﬂf"“ama which passes down

immun()a\o\m\m A (.Iap'> o Hhe L)a\;y vio Yhe rm\\.l

‘\mmunt Syskem

l lnnode Immunih

i

v N
\accination njechion  Infeclion Antib
: j ntibodres transter
with ionoculaled %"og pd% via plwsmﬁz ffr(
P°“‘°3‘“ antivod(es e 'n breact mk

(memory cells) (no mmwy) (mem

(no memery cell
cells cells Y )
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'M"W d;ﬂmn\ lissues and orgim can how be hamplon‘c& F’U“ one ndividuo
to another and such o ptocedute 1s known os on ollograph If the lissue s

transplanled {rom one location Lo annther on the same individuall then we call

",
L 5"

b

celc such as Tcells, thee s a vy high p/obh”y hal ' 3ro§l el
will cecogaire the host cells self-antigens os foreign ond W\l beain
oHarking and dcdroy\‘n(j the hos) celle, Ths s of pordiculac 5'3'\'('3‘fan/e

o
it an aulograph. Many orgons hove been transplontcd suaﬁ‘fuﬂ‘ mdun\lng the htot"‘, ot \m\sy‘oﬂa‘ bon
grap o ng bone marrou .

Mdnqs,\unqs,‘wt(‘,mn(((aﬁ' s\u’n, ovarfes, bone marow o5 well os our Hbod

ond stucdwes like the cornea of the eye
{CMP‘\'m{ed Pmmdul(s osd require o

«Grafling and ocaan dronsplants oce exdiemel
ton. The peimary (cason (of{ s 1s

a gmﬂ deal of preparation and 0na\ya
because * our immune sysllh.

[ssues wilh Nl\qmy\i

1) G(aﬂ psc)cdion

swhen a lissue or ergan is \ransplanted , it hos o vecy high chance of Bq@
rejecled by the hosd indwidual Recal thad our immune system aHacks
anyhhing al ! recogniies as being foreign or pathogenic. ¥ the MHC
ef-antigens of the iransplanled 4isue cells do not ‘'mal ch and ore
not compolible with the host cells | then the hos! immune syslem wrll

mount o defensive tesponse and. deslcoy the o.llograph.

Host cell
»

Geaft (V) ; Mojor histacempodibilidy tcmp‘e; (HM¢)
)

L o self- an&(ger\ o
— N
35 % 1 Hoot teemune cell
((yh,{on‘cf cell )

o¥then while blsed cells do nol cecoqnite the se\f-ankigens ptc;cn{ed on
ons cells , the cell-medioled ionmurdy

the MUC compleyes of transplonicd
will (spond. by preducing cy&oh\rcu?-rells thal will bind 4o ane

dt&“uy the % cells.

‘ Host
IR A ]
" _ . cellg
% 2
(Graft T-cel| - @

2) |n{ections

oThe donaled distue or orgon may conlain dangerous pothogens such as HIY,
hcw‘-'lfs B, cobies, ﬂ")‘ﬁlk ond many others. Nowadays this preblem s very
care beawe orgons ofc foulinely checked for these pathogens befsre donalion,

Tissue-Typing and lmmunosuppeession

“The best way 4o ensuce that an argan or dissue dransplantation is ruccessful 15 o

ue Phot individudls own dissue or 1 P““b‘f; the 1rssue Of an dentical +in.
A moce common fednnigue nchudes dresue

0f covse, these imlances ot veey cacc.
byping and. 'OAMUNOSUPPIESTION,

0) Tiscue Typing
JThis process involues defoming the majoc \nidorom'ch\nl.‘l’ complex ankigens of
e st ndividual and Fnd 0 donor that is nust compalible. .
2)\“\!\\\100 JupPecssion %

+Chemtcal agemks con be wsed fo inderfere with the produclion of host uhie
blood cells. Thic sugpresses the immune sysbm and prevents it from mounting

an atadk on the gw(l.
sUnfodunaldy there chemicals con also of fect other cells of $he hos) individual . ln

addibien , suppressing the nune cyclem can alo lecd Yo infeckion and
4

concet.
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n“.um{vm\ ‘0 ‘h( (umf\‘ “\co.(‘ on Mmmune Suhm“oml (((‘a;f\ fC"( ,,( our \Mmune N:\..,..\ mcmbrom . l ”
syskem  keep 0 walchful eye {or oboemal cells such o5 concer cells, - r'fou(%n"ptoln'u | *Yuller ® W Arcqges The
' ® . o, of cncer cell o cell o nalwal Willer cell Lo bind

Devdopmend of Cancer Cells

) B to od dﬂ\'oy e cd)

‘ ‘ ' d
Jhen healthy ceby orc eyposed {0 radialion chemical agenls , pathogenic agents ond g normal . . =
o‘\: mm‘n:qc(m Hey com dewelop mu\alnon’, in theic DNA. These abavmal cells ol s Nalwal killee “'“;‘\.“ ".9“’““\“‘.‘ "“‘&\”""Y ‘t‘:}:':\“b ':9“1\(’;
ace called (OM;( cels and  nol d,d.w,&,“cy on divide mp.dly and Mt stoce pouxcful digeshive proleing sudh ar perfonn.

con | LY 1 Lumors bind to concer or infecled celly , they cclease Hese proleins
anconlalady o form large wistble moxes ca umors. Jhech cavse the obavamal cell o lyse.

|mmuvo rucveillance 2) Cyhodonic T- cell (Kaller T cells)

Jince these cancec cels have sl.a\“y diflcemt DNA “\cy wll express :Vgh“{ s There celly o« port of our odop‘l.n |immn(‘v.1htv (onlair\\ TL-:ill;m";‘
diffecomt prokeins on their membcone. These diffeiott proleins cam be recad by oling with +he CD# 3\,“9«0%.,&.& meons #h.‘, oo oaly bi cel\s
reckain while blood cels as foreign ombigens, which can mack the cancer thal condain the MHC class T membean p(oLUf\.

el fo destuchion. \n fod | arccarding lo +he cwrent “\cuy' our body pieduces 084 )

{om sevecal be thoysands of concer cells on odaily bays ! So why doesnt /—- %

fetryone qel cancer @ Wheie Life L‘mg? ?!*::"'l "Tt::“f'fmdwy MHC cloa T .'_ ”-n—;—«

Altheugh our enbire immune syslem mucd work fogethec o locale ond d'aw | recephec u,mg“ - il @

concer cells, oo 90r\\'(u\0f while blood cells seem to play o dominand role . il PR

Tese ndude nalural killer ells and Y toloric T cells. o Nﬂm

) Nalural Killer Cells (NKC)

w] nexval peptide
These cells are lymphooyles thal o pord of eu innale immunily. Majortly

Mhen a k(d“u' (Q“ Bﬂmg cancefous, 't can f(P‘“t a '\Olnﬂl POP‘\dO on
of the while bb& cells of our bedy can only recognne an abnamal cel\ ths MHC cloxs T snembrone prolein wedh & (oncerous oae, and b w
£ 1t conkain an antiqen oHached onto an MUC membrane ynlu'n.

ctodily cecogrined by the €D - Tcell receplor of the cytotoue T cell
JHowevee, natwal leller cells ore unigue beause they do nol fequire the Once bound , the cybotonic T-cell con releose prokeins thad (Ylt the concer
presence of Hhe majpr histscompalibilily complex Lo notice thal somethin ce\l-

v weong with “\e tcu- l"‘ﬁ“'\‘f\a\y SoMme I'Arcdd of cancer cells ’mj.
LiMes  oie Missng he MMC ﬂﬂuc\‘ ‘00\ their "‘““L!Oﬂr,b\ul\ malrs “‘&
obnotmal cells vickually invishle +o all cells other that natural Wller cells )
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Mauyor_Histocompak ibilidy Complex | MHC)

<The abilidy of our immune syskem Lo recognite ks own cells and. dis\it\gufsk those
celk fom foretqn pathogens depends on o groug of polein markers found oa
cell membranes called the majoc hisloompod ibildy (‘omg\q. These markers are
present oa the surface of every cell and in humons are called ‘he human lew-
koyle ankigens.

Theee orc theee bypes (classes) of these membrane markeers - MHC class T, MHC
cdasi T and NHC class T

MHC Clags T
+These prolein markerr are

found on the membrane of most nucleated cells.
vThey arc used {0 differealiale healthy host cells from
iafecled cells (1. infecled by vicuses).

¥

“ A healthy cell will bind one of its normal pephides (self-

el
Ns

H{ con recognize the hcam\y cell by the self onh‘scn and

ﬁmbam/ W the lewkocyle will Hherfore leave it alone.

oIn the case of on nfecled coll, the cell wil pmhcc aviral
peptide (artigen) ond will place it onto the MHC class

T. Leukocydes can recognie  these Fom‘sn antiqens , bind Lo Vhem and iiliake
a defensive methanism that con desdroy the infeded cell.

self -am-\i%ev\ A
J % Imm
‘ ® A une
Y
{ a Respoﬂx
" o ® Q(_ Pa“o eni'c
antj
“m\\\\‘b . igen
Host Ce\) Leukocyte rf,/:“ \ < infected cell

4“““5""\0

K antigens) onlo the MUC class T. When o leukscyle approaches,

MHC Closs Tl

*These prolcin complexes ore found on only speific immune cells such as
B lymphocyles, macrophages , dendrikic cells and some T lymphocyles

ra'
e/

o These prolein complexes functisn in belping immune
cells to communicale with one another,

o Qupyos( o m(un‘}\aqc eagulﬂ a baclaial cell and paH(aJl\/
diﬁﬁ{,( W H then takes a ?(p{«'de from the boderial
el (the ontigen) and plares it ooto the MHC class IT
loaled on ks surface. This can in bun stimulabe T (ymph-
scgles sutn as Helpee T cells ko inikiale a sct of defensive

responses. ST inlerleakin-1- recruis

(v @ ot , Helper Teels

o an{isen of baclerya

M(rof‘hnge

Cytotoxic cell
.
Mo ) ¥

0

Plosma eel‘\2
|

oA vy

A Rk,
andbadlics spm'ﬂc ' e
to the antigen B-lymphocate  T-hme Lo ol
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‘Dur immune syclem hay a natuml immundegical Toletance e heallhy cells o
our body. This meaw thal the while blood cels of our bedy do nol oHock the
\)od1's own pcolu’ns (sc\{mnhgcns),

oMhen an individual 15 inYeded by a pathogn that pathmen may
conkain or produce antigens Hhod cesemble the self -antigens of fhe
healMy cells our body. Yhen the pathogenic anln?;r;s induce the

-NOIMO“\] our \mmunc svd(m has no 1sues di(hl\ ms‘-n;ﬂ.z bd\»rm “‘t bo&v'r PIO’{(\'M inmune "4“‘“‘ to PfOAu(( onhb(’d(“' “‘C anls fes Moy H\Cﬂ
and fortegn antigens thal come from |'nvodm3 pathogens. Howcvee, in cecdain dack heallhy cells. A ¢

divdual( the tmnune syskem \oses this abilidy to Aif?m-l.‘o\c belueen <elf- 2 o P
2 Lm il lhogenic ontigens. This condition is carlled autoimmunidy or ] -ntgens « podhogenic “
an ‘\gu\c ano\. pe 9 I, ~¢" " onkigen Plarma Cells
autoimMune diseose . =L /)\\ = J
«Some examples of autoimmune diuas;s .|‘f\cluAc mulliple sc\cros\'s,hd;a\;cles(lvpcI)) ln{»d,; . . 4 A —
m‘aslhgmq 9mv"$, rheumdoid or“\n{u,amm L | others. In the casc of mya: Cel . !

b the bed Pmdu(es an auhbody thad cicculoler o ur blood. and = =/

enta gravis, rhe | 3l he — 47 d
altacher onlo acelylcholine ceceplors found an our st newrehs. Thig ipreices s o

can deccax Hhe interadion belween newons of our newous sysbem and ullimalely

affecl, our abilily to conlrack our skelelal muscle. “For tastance sheephococcal infections can aiallice ligens Tl v

similar epikopes compared. te self-antigen d in our heast This can
o Althoudn this togic s heavily resecarhed , e shill do noh fully understond why this \:a;l &oq:hcupm:l ’ t:w{ .d,.'s i ""\ gens foun ur a
dokes place. Some poss i bilikes indlude madalions in genes, infeclions by ?““wﬂ"“
and damage 1o inmunshically peivileged siles, Peivileqed Siles

Gene Mutal + Cectain places of owr body are oud of rcach to te majerrly o( owr
ene Mutalions wheke bl:od cels becauwse they conkain v\‘rluau\/ no bleod and (p\ap‘\

oA genelic P”d"’P‘”{"M is believed o be one P°“iu' cawse of au*o-'mm\m-'iy yessels. The oenea and our brain oce {0 euMP\es.

Bescorch indicales thal awlormmuntly cuns in families and moy be pacsed
d:):,.: to offsyn‘ng, Genedic  mutabions of ONR ihat code fu‘ the MUC oPhyrical domage to these (‘Pr"‘\'ged' places con selite w‘f—onh‘gms
membrane proleins may \ead to auloimmunc dliscase. that hove nod yet been encounleced by Our immune sysin, |vod.'nj

*b o
p ™00 histocompalibilily complex (NHC) BB eierer Sl AR MR R s e

cell T 143
/
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Inecfecons
vHow exactly does our innale immune syclem deal with patlogens thed ullimalely b & / N
moke theic way wlo sur cells sud as wiruses or inlracellulor pacasiles 7 ;s o I .

Jhen o cell becomes infecded , it responds by deasing proleins called 0 ) e
inker (erons . nbecfecons will draxcl fo neighboring healthy cells , bind. to special .y
receplacs on thew cells and. iniliale @ cesponse that will prepore '“"mf?r @fi
ical infeckion For vaslance, the cells begin producing owli-viral proteins - ‘ .
‘&\:l {uf\d-:\“ to block viral r(pliro\\'on.gﬂ\tf way , when the infecled cell 3 ’ { @
Iyses ond. releases more wiruses, The nearby cdls have olcady mounted a defense.  Infeded cel “ %

‘ . NM'OP\\QTJ
+These inlec{econs con olso bind. to, stimulode and. cecruit gfm'almd leubocyles. = § o

(. Naturdl Kller Cells ' 5 &

4 & = Natural Killer Cell
Nalural billec cells oe mobilived ofte inleracling with inlerferens . They can ( ) & . X y
sede oul and desloy infecled cells a5 vell a5 cancer cells. w,

Mu(u t
2 Naccophages _ Heallh
Inlecfecons ceccurt Yhese \argg ?kaﬂ"‘Y“‘ cells thal con ensulf ond break Y
‘ ) Cell
down infecded cells. Mocrophager themselves con relecse dheir oun indef erans,
amp\ifying 4he immune response.

slofecfecons can also slimulafe cell death of the infecled. hort cull.
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The Sist exposucc to some particulor palhogemc ankigen cicils o primary
response . When the onfigen makes theie Loy ofo suc body, theie is a period
of uime called the lalent peiod during whidy our odaplive immune syslem
s being mobilined and the appropeiale lymphocyks awe being cloned.

+Once we have all the (ymphocyles we need, they will begin do produce antibodics
fhat ace spaific foc \hal rmvoding anbigen. I we plot the concendrabion of

anbibodies that are prod.\ued veesus bime, we see that thece s a ‘L‘°fP
inciease 'n concenlrakion of andibodicc

however, the conceniration reoches a
?eak and. levels ofT- Thys Peu'otl o{
sharp inceore and the subsequent

\evding o\; w5 called the |oz°n'“m.‘c

/ e hase .
o, e

i < 3 Y (weeks)

(Ia]

la Hhe puimary response, the major anlibed synthesied is tmmunoglobulin M.
This adibedy 15 usually formed in ilc pendamer {oim, hich mears hal five
individud anbibodies orc connecled Ly disulfide bonds.

o Nolice on the graph thal the concenlration of
k\ (/ I ontibedies begins Lo decccase follocnng the peat.
=/ \\,~¢
)

concenbaalion deops to o very loo level duing thy;

4 (ollom‘ng the lalent pm’oJ. Even(mly

Mpon‘(. g((of\dof“f
A _
o
concen- - .
trotion
Pumow
k/'/ *
+ . + 5 4 » weeks
T | ™ 3 y 5 ‘ 7 8

nd \'n{;Ju'on

0 ro“ou{nq the f{n{' “nfedion,fhc (mmun¢ f\'(lfm will plod.u(c memory cells
thal oil\ wiry e ontibody that is spmfo'c {o that porticular anh"gen,
when the anbigen ceifeds the Second time oround, the immune response
will be much more rapid ,with a shorker lalent penod beausc of thee
memory lls. In addi[ioa, \*h( amwnk oF Onlubodu‘rs Pr‘du(eal 13 MWA
greales and the moajoc ondbady used s immuroglobulin G

st |’nfeclion

Sccondory Response

1. Relatively shoet latent pcn’od lqvul'Ck)
2.Amoun} of anhibodics produced. s

much g teober

Primary Response  VS.

1. Relatively long \adend period

2. Amouny of ontibodics
produced. is low

3.During decline phase, the
anbibody \evel deops to

vy low value,

3. During decline phose, ankibody level
pcm'sls ot o k(raher value for longcr.

{?""'Oti (or “\c_ primary r'esponre.

This 15 called the decline phose. The antibody
(| e o)

y. lmnmahbulip ™M q'\mm\lnoglobul(n G
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«Humans hov:four Lypes of blood ooups - A B, A% and O.
Deleiminalion of Bloed. Type

Whot ecacdly delermines blood Npt? Human DNA contains o
a prolein that evenlually becomes o membrane prokein o% red. blood cells.
Before & s alloched onlo {he membrane however, it is modifted ond
becanes a gywprelein. This glycoprolein contains a carbohydmle componend
ard the derminal suaer delamines the group dype.

/ Sugan;/(mpml

Lo 'j’ -
Red blood cell

=
P

«Thes glyce coleins o somelinge.
culled  sel{-antigens or s-‘mp\y
ankigens. They can come in {30

diffecent types - anligen A or
ontigen 6.

X
"m g— protein (om'ooqt

oAn individual wilh @ gene thol codes for andigen A will have membrane-bound
andigen A glyopeolelns on dheir red blood cells. This impltes That the immuae
syskem well nob peoduce ony ontibodier aqm'n;t these If-onligens. However

since 4 locks antigen B, he immune syslem will produce antibedier a arst

red bood cells dhol contain he onligen B g\ycoprotein. In such o cose, INe
individual is sard 1o hove blwed dype A-

+0n e other hand, @ person with a gene fof alﬂu‘scn B will have red bloed
cells ol only contain the akl-‘gen B g\quulu‘q, whida means the immune
cyslem will produe Onbibodies for ankigen A.ln Whis case, the indiwdual is

said 4% have blood lype ®.

o Anbige A e anligtn |3

P i VI i

ene thot codes fvr

— one of e porents

«Blood pe s a codomiant dcail This means
ol if one pacent gives the onkigen A geme
while e sthec gives an anbigen B gene, then
Me offspring will have red blood ol with both onligen A and B glyce-
prokeins. \n suth a case, Hhad (ndividual is jaid to have bleod. ng AB
These individuals do not have anbibedies for eckher anligens

¢t is ale possible fo donalke o cheomosonme {hal does nod code for e ther
oj\L\‘gﬂ\;. |f bwth Porcv\b donaie suh a chcomoseme, “’\CY will produse
an offspiing with bloed Hype O. Sudw on individual lacles both ankigens

on their red Hood cells and so preduces both ankibodics.

Bloed. T(m;‘uﬁon
ol 13 pmi\;\,{ ‘o {mn;f« blood fram one individual 4o anobher. However one muct
Veep in mind. that ceclain blood dypes cannot miy and will agglubinale (clump
togethec). Since peogle couey ondibodies for anligens they dont howe, mitia
red blod celly thot have Par\\m\u ondigens with a complementory
anbbodiec will cause themn 1o siick, causing a”\uh‘mh‘m.

bal X
Male prﬂ\\ ffmn\c Por(r\t'

A B |AB| O = Oor\o‘l\'(\a UDOA “P( G(“Uh?(
A [Yes [No | No Yes YCS ¥ Mfil‘ﬂj s c\loutd_',__ A I:IAII:Lo
Ne |Yes |No Yes no atnluk\‘nah'on 7] 5 B I'/I W
e 3 AR |Thr®
AB [Yes [Yes[Yes[Yes  |No = Nixing is not alhused; o e
\ . L
O No | Ne NO YfS QSS\QLIMLOI oawd,
Bectving
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Asde {ion onligen A and anligen & thel can be fourd on the membrane of
our red blood cells, e ac other onbigens Yol can be found. One group of

of such oskigens is called the Rh fodor. By {ar the most common ontigen

of Whis group \s onh‘amng_
oAn idividud wih a qene Yhal codes (.of andigen- 9 i3

is said 1o be Rh-posilive . This means thai their
red Weod celle il have the onbigen D prolein on

their membrane. On the other hond o Rh-neqative
pesson will lock the prokein on ks red blood cells.,

 Unlike for the ABO groups, o Rh-negative individual will wol normally produce
anbibsdtcr ogainst amtigen D. However, 'f they oe ever exposed.do anbigen D,
then theie mmune syskeon bides in and begins meng antibedles .

»The gqene thal codes for the Rf factor (onliqen D)

cn\(‘l‘“ A
.}

1 Bloed Cell

A " is dominand {6 We aene that does not code for il.
If two heluotyqous individual mate, Hnen there 1's
A Rrtd 75°1. chance of being Ah-positive and 257, chance
e [Re@] cel) of being Riw-negalive.

Maleenal -Fedal Bload Incovpatibilily
«Suppose & woman whe is Ph-neqalive decides 1o houra child with a man who 13

Ah-pecidive. Them Hhere is a chonee thad the fdvus will be Ph-posidive If the

mPrs homstygous dominand , $hen the child wil be Rh- ?oﬁhut A the man s
hduot”om. then dheee 15 507 chonce of bcn'ncj b~ positive.

f Father !
( Re | ¢ Y

‘ r (N} i o

e _ 1

N»lommjﬂou Recessive Molher HDﬂ\MjsouJ ”}”“l“ Mobher

»1{ the (e!u‘. ends up bcr'r\g Rh-posilive, how will Hhe Afec) fe pregnancy
md omy fudnrc pregnaney of tha) womon

nDuiit\g e (I‘(l pregnancy, some of 4he red bloed
cells of the {elus thal have the an’dgrn O Rh
fodor can leak indo the mothers bloed

o This will cause the mothers immune system lo
produce antibedic agamﬂ' anh'cjcn D. However,
sine the felal red bleod cells usually lvak dusn
cnld bir-“\, Wis will not rfful thot (f{uS -

o kthen dhe Lomoan becomes pregnont again, the anligen

' larenia
D anlibodier can now Crom aqors the p
and ember Yhe blood sdecam of {he fetus \f He

fedus s fih-pesilive, the andibedies will bind onto -
Ihe ced blovd cells and lyse them. The Wsing rct\"r
dangerovs chemicols vado dhe felal blood uhich
1€ bram \

uuimnlr\q touce damoge to the °r3°“’(

RN - fn:ompo!'-b'nl.lg_.

» This 15 ¥nown o
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