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. Role and components of the immune system

rhnl}“"'a '

. HLA: major sclf marker

yeriment: al_study_of body responses against eells deriving {from

nmﬂ'—"—
|

Tissue pralt between two different sites in the same

imdividual, In this case the grafting is accepted.

Tissue graft between two individuals of the same strain

(Identical twins). [n this case the grafiing is accepted.

1. Allograft: Tissue prall between 2 non-sibling individuals of the

' same species. In this case the grafling is rejected after
15 days.

4- Xenograft Tissue gralt between two individuals that belong to

different species. In this case the grafting is rejected

after few days.

) Q_Eganizﬂtinn and expression of MHC

in man, the MHC (Major Histo compatability complex) genes code for two
classes of membrane glycoprotein that differ by their structure, distribution
and role. MHC or HLA (Human leukocyte antigen) is classified into HLA
classe 1 (HLAID) that includes A, B and C L.oci and HLA class [I (HLATI) that

includes Dp. DQ and DR Loci .

The gene coding for HLA are highly polymorphic because:
- There exists a large number of allelic forms.

2- The alleles taken from each parent are co-dom.

~Itis impossible to have two individuals having the same MHC except in
'‘dentical twins.

Note: Immunological self: (HLA + peptide present in 1t)
How can you explain the rejection that takes place in the allograft?

Tilﬂ ‘ETamlﬂn 1s due to that the [_rdﬁg_d cells are I“LCGLH]?LEi as non self
“Ompone
POnents due 1o their difference in MHC (HLA).
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Successful blood transfusion
To have successful blood transfusion,

donor and the agglutinin of the recepient
like: Anti A and antigen A or Anti B and

d”ﬂlllt!ﬂU“E‘ﬂ of L

we must test the
the same I}

and they must not he of

antigen .
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' - » RBC have additic-
_;5\"5!9“1' bﬂnlt l\ g ol l_!Il]!-‘rfl-li protems .l'.i, 7y

1 . of these proteins are known -
Rhf;l _1[-,5::11‘:'-‘- ol l|1L.L. pro{cins are I.rm,ur‘: as (Rh™) knowing that B g
1]_:d ﬂtl-l:]ﬂ 1,,'..i[h Rh ".'i.,‘]”h,‘ Rh 15 i:””]{!;”ihi[. 1-'-.1711 IH T T
i pﬂtll By hlood transfusion,
> 1€ o
,..h 0l
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Serums-tests Blood

r/"me With agglutinine | V/ith agglutnne ;
with 892 anti-B | Gl OUI)

anti- anti-A and anti-B
e s T - i ~
ot
e B

ﬂ -
@ 1o agglutination @ Agglutination ——

L PR TLY o .r- L.:T't“'
Give the blood group for each of the above serums-t
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e PathogeniCiln

.. minel. protoz
Viruses, bacterid fungt, pr

as pathogenic agents. {

oa and worms can cause disea
e

"non self” or antigens.
antigens that are recognized by ¢, .

e Elements of the

The non-self elements OF "
o of snakes, or celluler like v Muns
can be soluble like toxins, venome ke Mmsﬂs.[] .

w geE I

What is a modified cell
The modified cell, like cancer cells, has within its HLA Markey,
peptide instead of self or useful peptide.

antigen presenting
cell
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a5 are u,-lgumlﬂd from the pluripotent stem cells in the bone
- - ™ oE R [ o 1 : - = e - h LR I"I".— -I-||.-
¢ of 1wo types: Myeloid and lymphoid stem cells

My<
i A) Grﬂﬂlllﬂ'ﬂ}'lﬂ

1. Diameter 10 um

s: Are characterized by:

7. They constitute 67% of the leukocyte population.
3. Lifespan: 2 to 3 days
4- Multilobed nucleus
5- They are of 3 kinds:
_ Neutrophil: For phagocytosis and bacteria destruction

Basophil : For amplification of allergic reactions.
_ Fosinophil: For phagocytosis of antigen-antibody

complex.

a—

Granulocyte .

Monocvie

B) Monocytes: Are characterized by:

1) Diameter 1010 18 pum.

2) Horse shoe shaped nucleus.

Jstitute 6% of leucocyte population.
migrate to the

3) They cot

4) They become
phagocytose Viruses

$) Life span: From months 10 sever

macrophage when tissue 1
and bacteria.

al years.

C) Mast cells : Are t:lulrnclurin'{l hy:

1)- Round nucleus

2) Contain granules called histamine

3) They have receptors for antibody-

187
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4) They are found in the connective tissue and Mucos

IIistamine

Mast cell

II) Lyvmphoid cells: The leucocytes that derive from the lymphuid

are of two types : B and T [ymphocytes. They are Charamefii’.ed Step,

by
1) Very big and round nucleus. !

2) They constitute 25% of leukocyte population

3) Diameter : 7 um.

[.vmphocyte

¢ Characteristics of B lymphocyte: They are characlerized by the presence o
membrance receptor called antibody. Upon activation, the R lymphocys
become plasma cells or plasmocytes and can relcase antibodies ino
plasma. (or immunoglobulins IG)

o Characteristics of T lymphocyte: Characterized by the presence ol !
membrane receptor called TCR. T lymphocytes are of two kinds:

') e Toumic = Ty = Tigne = the receptor of such cell is CDs

Role : They kill the infected and the modified self cells.
2) Tt = Theiper = T4 ¢ The receptor of such cell is CD,.
Role -

they help the other L.ymphocytes by activating them.
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| I’rﬂductlnn of B and T lymphocytes

——
=

i e ——
i —

| Maturatinn of B - Lymphocyte

=L =C

1y Thymus : Role : maturation of T lymphocyte

hout the origin of Ivmphocvtes B and T.

- 5 :]
\of100 : . . . : ;
T o 1 shows the various experimental given (conditions ) applied to mice

Doc 421 to determine the source of lymphocytes.
jn OFL*

Experimental conditions

\ | Irradiation. | B -
'i;f 1-irradiation . 2- Grafting of bone marrow.

LE—F;—;] Ablation of the tll}mu: - Irradiation. 3- Grafting of bone marrow
?D 1= ,z;kblaliun of the thymus . 2- Irradiation. 3- Grafting of the thymus
;Rtmark:

Imadiation allows to kill bone marrow’s cells which multiply quickly.

(\ Mo ;rcr‘ucl“‘ﬂ o
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Orcuchon ol H"U.'l"'-li’
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I'.L'Ihjl. ‘.'lnl.'!"l.n\.\ wld r

-C'fru— Hu produ clion of
> ymhocyles B andl
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te maturation
Lymphocvte 1T i : 5 i
o mechanism D) which the lymphocye, e

al) and are able to fight non SEIf‘ﬂnthGmE'

Maturation is th

: function : - |
competent ( any encounter with antigens, have Beng M
lymphocytes, before an eening is necessary “EPtory 2y 1
and non self components. S0, Scree ‘ =h
Screening:

e in the bone marrow: B Lymphocytes that have TeCeplor
component must be eliminated while the others are Preserye, &y,
' b
e In the thymus : All the T lymphocytes that have feceptoy
S

HLA and non self peptide within it must be preseryeq vy, J “ain,,
that recognize self HLA and self peptide within it myg; be oi; ¢ the o,
1=

_ Na.
B) Secondary lvmphoid organs : All the lymphocytes thqy Were tld'
the bone marrow and the thymus migrate to the secondary [y, Wrgyes.
spleen and Ivmph nodes to be stored there. Phoig Orgg.

Lymph nodes: Lymph nodes are distributed around the
that conlain lymph which is a coloriess liquid coljected
cells.

e
ELP"EE{. al
i Ilu,:

'I:‘}‘ n]phﬂﬁg v
om g

Role : Lymph nodes fight the non-self ¢

. omponents coming frn.. -
tissues to the lymph. & trom Ifegry

Spleen : Is an organ connected to the blood vessels.

Role: Fight the non-self components circulated In the blood
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6 Antigen recognition hy B-Lymphocytes

me

= . = i T T e y
4 oUte iaens like viruses and bacteria,

L ) L] » - :
{he o ofan antibody and its CI.ISSEE

il can’'t recognize the antigens within #HiA, they can recounize on

{‘t"r )
2t s g-Lymphocytes have specific rope ; -
m Lympaecs € spectlic receptors called immunoglobulins

» U
}’L :" L]
The ibodies:

yr 81 following cl st
( body has the following characteristics:
ant! :

™|t consists of four polypeptide chains: 2 heavy and 2 light.

-\ [t has an uppet va'rmblc'r‘egmn and a constant (more or less) lower one.
;} The variable region differ from one antibody to recognize z specific

~ gntigen and binds to it.
g) Tthas two antigen binding sites.

5) The constant reglion has slight variations that determine the different
" asses of antibodies. IgM, 1gD, IgG, IgA and IeE.

Antlgenls
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Sita for an
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Constant fragment (heavy welght chaln)

Specificity ¢

The antibody can’t recognize the whole body of the antigen but it recoenizos
only the epitope of it (antogenic determinant) : The antigen may have se eral
¢pitopes, so 1t needs many antibodies to recognize it.

Sites (adctional) for antgens

R
N

Anligenic
—= Oelermnants
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1 — specific immune response

Document 1 : No1

When a pathogen crosses a natural barrier and replicate s i
‘ : . ;
host. it triceer the host defense mechanism within only fey,

phase of defense after the natural barrier is called non specifie immurs_ T

1) Natural barrier:

The natural barriers try to prevent the penetration of the path

the body. These barriers are skin, acidity of the Stomach i
b I

secretion, nasal mucus ...... elc. at

2) Manifestations of a non specific immune response

° Symptoms of inflammation : reddens, swelling

° What happens in the inflamed wound?

-y ' . ) T TR .i.'.'._.l_ E e :“..__.l..h,
\'ﬂ]L‘I] MICIoDes clel o dssue, uie mﬂ; ’

T CG”S, {hc ﬁ'lﬂ[:t'{j.ﬂlnq
other leukocytes release soluble molecules called ¢ tokine “f}:.l“'e g
local function, Ich ha

What is this function?

Cytokine :

|- It increases the diameter of the blood ve

ssel 1o increase -
- : ie flow
of blood into the nfected area. OWing

2- It increases the leakage of plasm

| a from the blood vessels
infected area.

GRAE

3- It increases the squeezing of leukocytes from the blood vesselsu

the Inflected area by diapdesis,

-"".- E é&‘ﬁfﬁ f":-'“k_
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corption lhe macrophage engulfs the intruder.

estion : The macrophage digests the intruder b
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. The macrophage gets in contact with th

-l e

) FamiEsion s

e i L

bhaciarum
/

RS

(phagosome)

r
§
I r
¥ rrSiTicaton
E / of the barterum
£ /
i ;
% ' desrtagraicn
; ; E zppe am\ﬁ;e ol nuce:s
{ wasles $ | remains infact, iprs)
i| are rejectad it can later YT e
; mutliply - LT yt
'y ;
5

eistatid ey st T

= g -
'f"'.'.r.-." § iy

ATMCTREEICREL
..,_ 5 I-:II e s

The steps of phagocytosis: adkesion, absorption, digestion.

dniyction 15 eonbineed e sSUE S
TP gl g e ety T e Yt (SR

L.~ Y RS DS

r
.

20te: The non-specific immune response 1s characterized by
Memory against the attacked cells since I _
discrimination among the target cells and also there 18 no ¢

Atency period 1o start the process of attacking.

197

such response there I8 Ik

' | ] . o " u
L Shiitunate Lie ilruGes

Itincludes three steps:

e intruder.

lysosome enzvmes

that there 13 1O

¥Ry

lapsed time or
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cific immune response

Document 2 : The sp¢
,_-—l-___

mmune response fails to "'lj”””:ltu

-specific
When the non-specl i 4
hecomes necessary. ¢ ity

specific immune response
| et tvnes of the spectlic immune respone.

What are the different types ¢ [ the s POnse g, o

characteristics? Car,

; " ' “spectfic | Cr
I- Experimental studies: Induction ol specthic immune "CSponsg

Document a shows that any particular specific i’”mun
protective only against the agent that induce it. o

' A e 1 oy | gt e,
How do the experimental results of document g shiows lhat
lelf ¢!

response, developed 10 days after the injection of salmop, ]h:r;: .
cholera is specific? flla o ™

i -1.. m it bl i M B E Fonian
- e -

& killed ive
F -fﬂ -"- Calrammmlla }“:H
\ : :

killed live i
4 | . :
\D}L{i V. cholera |
] :‘3'--., ,}J/
W
L';F ; .1}"1}
A o Hled
;! 'i:{\ £, Salmonella
' 3 e f*"'h'"
Y
& o killed
N\ V cholerg
\lL_, = N #-Salmonella death
ji‘— EEREEED \,{fgj i
'y ¥
» '

Dac.a Induction of specific i

e *
R T W e [aRRe ST N

nuUne respanses,

“sponse ohgepy

since Injection ol kille ed 10 days after |

sacteria injection is specte
'1"iilll{}l i L4 i 4 - [ L'!‘
salmonelly by, NG againgt v -I'L”d eads to subsequent resistance against i
cholera leads 1 wuh%e-|hl "10H0 cholery, Sinilar]y Injection U{‘kiﬁud vione
a rai“ ! seguent TESiE T - ' ARy . ol
SISt salinone||y. lence against Jjve vibrio cholera but
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r [ the speciticimmune respopse
N Se

Al
y, T
[

m-u..-i:q;.'
o<

cells

letans
lodn

T e e, i WIS e A Sy S R e

= g

B T i o e i

e —

T ——— -'"--'“-,-- L T T
um::.'rr.‘:‘f and cell-mediated specific immune respnses.

e

There arc two types of specific immune response:

1) Humoral_immune response : The effectors of such type are chemicals
(antibodies) present in the serum.

)) Cell mediated specific immune response : In this type the effectors are not
chemical substances circulated in the plasma but it is a cellular response = T
lymphocytes.

Note:
What is meant by toxoid?

Laboratory manipulations eliminate the harmful effects ol the toxin without
changing its antigenic determinants. The neutralized toxin is catled 2 toxord

What is meant by C.G.B?

. ST th i1 HE ]
E&Immﬂ and Guerin bacillus (CGB) is a harmless hacterium HiLE ar
ﬂl. n . ' " F =~ o -1.. i
HiMon antigenic determinants with KB (koch bacillus).
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ent shows the importance of
y of specific iImmune respe

Mmune response
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“]ncumcnl a. what do voy conclude?
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The experiment shows that there is no secretion of zntizodies i-
cnntammﬂ macrophages alone or lymphocvtes

secretion of anti SRBC antibodies in the medium con
lymphocyte at the same time. This shows that n
hmphmwe alone can ensure the secretion antihadic

L"-'.‘:f'n“{l]

and LB’“F”C’C'»' W

_/"-.".
':} n ﬂ T »
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rhﬂ induction of the specific immure responce.

in this process.
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- A cellular cooperation is needed to Pruc!tu:e anbbedies -

). Macrophages role in the induction phase

When a macrophage digests an antigen, the remaining peptids
surface of the macrophage within HLAlthen the macror
closest lymph node where it becomes APC (Antigen presenting cell)

Inthe lymph node T}, cells recognize this APC by double recosn

their activation.
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nultiplies qbundamly and

o APC, it s ident
ghter cells identical 1o lh

number of dau

':5 T‘l‘_

‘ g a large i are cls Mo,
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.. Role of Ty cells in the specif
t 4 H L_the specific immune respon
5¢

role nl*inlerleulcma in immune cells activat;
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Ak ‘[11 Ty by the absence of thymus which in |
; , . £, C turn leads t
aturated Ty lymphocytes and as a result s e
sult the specific immune
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nain in active.

ot will 1€l

ow the importance of Ty

cment Ty lymphocyte : |
I ymphocytes are cultured in the presence of killed

CGB and macrophages. A few days later the culture
medium contains interleukin 1L, EE.:crElcd by activated
Ty cells. This interleukin is added to a mid:-;tun: r;ri' B
and Tc lymphocytes but only Te lvmphocytes start

their multiplication.

Thus IL, activates only Tc lymphocyte.

T,; lymphocytes arc cultured in the prescnce of tetanus

toxoid and macrophages. A few days later the cuiture
medium contains 1., secreted by activated Ty cells.

This interleukin is added to a mixture of B amd T¢
lymphocylcs but only B lymphocytes start their
multiplication.

Thus IL4 ~ctivates only
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B lymphocytes.
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en undergo clot
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Fate of activated Tc lymphocevies

Among billions of T¢ cells expressing different TCR, only those that are Spec
for the antigen undergo clonal selection and are activated.

The selected Te cell proliferates under the action of IL.; . The multiplied cells o
classified into two groups:
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humoral immune responee
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macrophage and the antigen. Then the MAacrophag,
digest the antiooay and Lhe virus carried by ;. -
Such cooperation between the macrophage ap the

opsonization.

i L= F

- -_ ! - e 3
i
o = i
s | e W . I
e a L™
3 - 5 N v -‘I )
ef S et
e © : o O o \"'¥
® R® © e i . O B >
-l'."J': c=h, N D L g Tl S g e e, ke i 1"-'-’;ﬂh:;r';'H“ﬁ";in‘?*?*l'Hh';H_H_H;H‘* - < ‘
o

i it oll Ny il Sy e

et 3 2

Doc.c Bacteria opsonization by antibodies.

b) Cooperation between an antibody and Plasma proge:
cascade). (C“mpfem?r.
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enzymes that activate each other. The most Important o
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Onf:e antibodies have bound anticens on the surface of
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¢ chain activation of the ¢ h =
? > complement proteins 2
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' ed th:

complement cascade.

Thi;ﬂ cascade leads to the formation of 4 membrane attack o !
-; L . L L e qh\. In : 1 "
o ikl

the complex of the
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infected host cclls.

has toxic substances that can kill infected cells called perior
When a T¢ lymphocyte recognizes an infzcted cels

‘ ;i:inn. it starts its releasing of perforin to maxe : n the
aou™ e T einfected cell, then granzyme is secreted into :E‘:f:_irifc-:'ti*r; s
el .4 :iriu-‘a of enzymatic reaction in order to destroy the DNA leadin;
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2) Cancer and immunity

55 = tion to Inflecte
The immune system can recognizt in addition nilected cells, mads

cells like cancer. These cancer cells multiply abundantly more thap
proliferation of Tc cells for this reason cancer needs a certain Iherap

includes:

Surgery
2. radiotherapy to block the mitotic division of the cells.

3. chemotherapy to block the mitotic division of the cancer cells by ;.
will lead to anemia and immuno-deficiency .
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2) Bases of immunological memory

When an antigen is introduced in the
body, it causes @ clonal expansion of
T and B cells. A clone gives

rise, on one hand. 1o short-lived
ctector cells and on the other hand to
long-lived memory cells.

specitic

The remtroduction of the same antigen
i the body activates memory T and B
cells. Since memory cells are more
difterentiated and more numerous than
the cells stimulated in the primary

response, the secondary response s

comparatively faster, more amplitied

and more persistent.
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: antider Bifdine citee A\ o ,
jy has two antigen h‘”“”: sttes. When antuibodies react with

)2 -h antibee -ell surfaces, they f .
BA> e u‘-;Fr':-“_‘S"‘d on ccll surlaces, they torm molecular bridees between the
. 1;1'[11" . . : : . . : — e . ‘ L= 3
-1”“% causing their agglutination. The agaregates can be seen with the naked
cells
£) “mni"'-““‘ for typhoid, for example, relies on the screenine for anti-
WA ! SN o L Y " : : . ;. ;
fhe nella antibodies 1 the serum of the patient. A suspension of killed,
1 = R T T R _
hit'll_‘”th colored salmonella 1s mixed with the test serum in a tube. After
nrlll‘;"ﬂiﬂ'” the suspension 1s observed:
i .11., *
i[1Ll . -' q .1 : - & i
. he bacterid are agglutinated, 1t means that antibodies are present in the
i , Thus the diagnosis is confirmed.
serunit: S _
7 the bhacteria remain tree. it means that the serum does not contain anti-
..ﬂnu‘rm‘”” antibodies.
o
iffusion in gcl
: 41 A0 TS * " LTAd A L™
o an 2gar gel, antibodies and antigen:
' od in hollowed W clls. They
:]!"‘: P]:’LL : = . _-*
mate in all directions in this
can MUIETSHE

humid medium.

The contact between an ."1'.‘:'[II.!“"L"'I-.{:~ “1d
(s specific antigen constitutes  an
amune complex that can be observed
m the form of a gray arc (document a)

specifically colored by poppy red stain.

e

3) ELISA : Enzvme Linked Immuno Sorbant ASsay

ltis a technique used to test the presence of HIV.

Seps:
' : ' 24 A zar 0, N - - H——
- T{'I a well 'l..'-,'ho_qe bu;_{g;n 1S covergd \.1.'1{}'] HI‘L CWeE acdd a 38Tum anen Iroi

& person, in the serum there are many ypes ol anuoodies hal <an
recognize specific antigens.

¢ Wash well , then add an anti-antibody coupled to an enzym
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Result : There are two possible results: l

I- If the substrate becomes colored means that the seryp, has
antibodies. a“"*l{]k

2- If the substrate remains colorless means that the serum hyg N0 Aee.
antibodies. Ny,
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ThlS IECJ]I]I-Ql']C depends on the usage of a radioactjve antibody that em
light when it is subjected to ultraviolet rays. ) Il
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"= jqueto a recessive gene that leads to-
L

[ is | |
[ An abnormality in  the

complement, phagocytes and B cell
development.

» A T cell abnormality which is much more serious

od immunodeficiencies: Struc i +
;EEﬂi'rtd im Structure and replication of HIV (life cycle)

HIV is nmd'e of an RNA genome packaged by a protective shell of protein
called capsid surrounded by an envelope of glycoprotein spikes. It is a
cetroVIrus that has the ability to transform from RNA to DNA under the
action of reverse transcriptase enzyme to be inserted in the infected genome.

- ay

a7V may remail dormant in the cell or replicate when the cell is activated it
then buds at the cell surface and infects other cells.

This virus attacks the cells carrying the CDj protein which is found on the
macrophage and T..

W~ vical ]
=4, protein , ,o}'?‘*;‘“-

s e 1 [ ‘C:%

e MV structure

] 3 [
Revopnition of 2 taped cefl At fiedli
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1) ; oticed for several ¥ e bﬂdy i

During this thSE the concentration of T

{3 Ui
taﬂ'.s X

decrease.

7) Slight - nmunodeficienyy (about 2.5 years)

There is an increase in the number ::}f{l}ppmnumstfc infections, Durip, i
phase the amount of T, continues 115 decrcnsmg‘ and the am'}UE[ s
antibodies _starts its decreasing while the concentration of the Vit stﬂ:l:

_ s
to increase.

3) AIDS: In this phase, ther
concentration of the virus incre

e is no Ty, no antibodies and as j result ¢
ases rapidly until the death of the Pﬂtiujm e

i ——
A Asymptomalic phase Slight ~ AIDS | A
immunodeficiency 11000
. ano
4 - EC0
‘.
_ 400 |
- 2
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5 1 71 40 2= L T T —2-
218 24 30 25 42 42 54 60 g6 77 78 84 90 95 102  time (in months)

Doc.qZ Changes in the concentrat ;
i ' eoncentration of HIV anti- I
individual as a function of time. t-HIV antibodies and T4 cells (Ty) in the blood of an infected
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' » Jiseases
Document 3 : Autn—mmlunc disea

Auto immunity

Our immune systen, and

lymphocytes that recognize our self ant 1
isease, there 18 m

the case of auto immune d
‘minate or destroy totally our self qpy;
lestroys the tissues and may be fatg),

during maturation,  climinateg ol

antigens whether free or within H| A bm“:n:
S S :

alfunction in this maturatiop In

The immune reaction can't el
causes a chronic inflammation that ¢

The auto immune diseases may be spectlic l.nr Some  organg lke
malfunction in the thyroid, pancreas, ... ctc or not spectfic in the organs, Jik,
diseases that affect the skin and the joints.

Een by,

Examples :

1) Rheumatoid arthiritis ; It is due to the deposition of immune complex iy
the small joints like in the fingers leading to inflammatory reactjop
edema, pain and distortion of lingers.

2) Insulin Dependent diabetes Mellitus (IDDM) . 1t is due to the destruction
of B cells of the pancreas.

3) Multiple sclerosis: It is duc to the destruction of the mvelin st

! : 1eath that
cover some nerve fibers and leads to neurol

ogical deficiencies.
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