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B~ And T=cell Imnunodeficiency Disegses:

I- Introduction

The immuncdefliciency disorders are a diverse group
of illnesses which, as a result of one or more aboor-
malities of the immune system have incregsed suscepti-
bility tc infection. Although the pogsibility of an
immuncdeficiency should be congidered in any individugl
with "foo many infections™, these are relatively uncommon
disorders, so it is important to consider other conditions
thet lead to infection., When there is nc gpparent expla-
nation for the recurrent infections, a primary defect in

the immune system of the host must bte considared.

The immune system Includes the B-cell system (anti-
body), the P-cell gystem {cellular immumity), the phago-
cytic system (polymorphonuclear and mononuclear) and the

complement system.

Immunodeficiencies invelving the B-cell system, the
antivody immunodeficiencies, are the most common and

comprise about half of the primery immunodeficienciles.
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T-cell {cellular) immmodeficiencies are the next
largest group, compriging sbeut 40% of the toisl pri-
nary Immumodeficiencles, Three fourths of thesge
patients have associated B-cell deficiencies, so they

are combined immuncdeficiencies,

Many of these cccur in conjugetion with dis-
tinct ¢linical featurea as pari of ssyndrome :(e.g.,
ataxis telanglectasim, Wiskot{ pldrich syndrome) or

are a3sociated with thymic hypoplasias or dysplasia.

Phagocytic immunodeficiencies, comprising about

6 percent of the total, involve either the polymorph-
cnuclear phagocytic or the mononuclesr phagocytic sys-

tem (monccyte/macrophage).

Disorders of the complement system are also reco-

gnized in 4% of the total,

Clgssification and frequency of the primary immunc-

deficiencies: ({Tgbhle 1
Approxzimgte %
i of total
(1) antibody {AB) immunodeficiencies, 50
(BR-Cell)

{(2) Cellular immunodef. (P-cell 40

e) With sB. immunodef, {30}

b) Isolated cellular immuncdef, {10)
(3) Phagoeytic immunodef, 6

a) mononuclesr phagocytic immunodef, { 1)
(4) Complement immuncdef, 4

X AB = Antibody
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The secondary immunodeficiencies result when
there is interferagnce with Immume function by some
disegse or injury . These secondary forms of immuno-
deficiency are considered more common tharn primary

immunodeficiencies,

The gim of this essgy is %o study the following:
13 The events involved in B-and T—cell maturstion as

well as regulgiory cell interaciion.

2} The pathogenic factors leading to B-and T-cell
primary immuncdeficiency disesses.

3) Clinicel and laboratory approsches fo the evglua-
tion of the patient suspected to have B or T-cell
immunodeficicncy disegse,

4) The major primary B and T-cell immuncdeficiency
diseggses and immunodeficiency discrders associgted

with melignancies of fthe T~ and B-cells,

5} The important conditions leading to secondary

immmodeficiency of B~ and P-cells.
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IT- The Development And Hgturstion of B~ and
P~cells,

A) The Development And Maturstion of B-cells:

The development of antibody=-producing lymphoid

cells is best understosd in birds, Studies in the chic-
ken hgve shown thet noncommitted lymphocytes, derived
from bone merrow sitem cells, meture to B-lymphocytes,
under the influence of the burss of fibricius (Cooper

et gl, 1965). The siivstion in men is less ¢lear. The
location of the mammalisn burss is yet to be fully appre-
ciated but probebly is in the bone marrow and feetal liver,
(Owen et al, 1974). ILymphocytes with markers charscteri~
gtic of E-cells are gbundgnt in 1ymph nodes, spleen,
tongils, appendiz and peyerts patches. They are plsc pre-

sent in the peripheral] biood.

The B-cell is a small, mobile, non phagoeytic and
has Immunoglobulin on its surface, The B-cells make
up 205% of the periphergl blood and thoracic duct lymbo-
cytes, 20-30% of the lymphocytes of lymph nodesg and
epleen, a mapjority of the lymphocytes in the bone marrow

but are not ususlly present in the thymus, (Cooper et sl
1965).
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Early B~cell Development:

The first cell that can be identified gs a cell
of the B-cell lineage makes its gppearance in the foetal
liver during the =eventh wegk of gestatlion in msn, Thege
cells, called pre-B cells, are iniftially recognizable
ag large, repnidly dividing cells conteining small asmount
of intracellular immunoglobulin (Igk). ILater, they also
occur a8 smgll resting cells. (Owen et gl, 1977). Some
believe that these cells lack surfaece immunogloebulin,
where as others believe that smsll smounts are presgent
and are turning over repidly, (Raff et g1, 1976, Miclchers,
1976). All would agree that the pre-B cell is not reactive
to stimuli that require binding to an Ig receptor grnd that
the pre-3 cell lgcks other surface charscterisgtics of
mgture B cells, including Fe. receptors and complement

Teceptord,

The next identifigble step in B-cell development
occurs some two weeks after gppesrsnce of pre-3~-cells
in men,

The pre-B-cells {probably from the small resiting

cell compartment) develops inte smgll lymphocyies thst
bear a single immunoglobulin (Igi) on their surface,

These cells, Variously celled "Immsture B-cells" or
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progenitor B-cells gre similgr to msture B-cells in
that they ¢sn infteract with entigen but are dissimilar
in that they are exzquisitely susceptible to ftolerizstion.

(Kogsal et al, 1975).

Late B-cell Development:

The fingl stages of developmental of B-cells inve-

ive the differentiation of immgture B-cells into cells
capeble of responding to gutigen with the production of
gntibody of specific class {isotype). Such differentistion
oceurs largely in the bone marrow, slthough some differen-
tigtion alsc probably cccurs In the spleen gnd in other

periphergl lymphoid crgans, -

Uging techniques in which developing cells are lgbe-

iled, by the sequential application of two different flup-
regsent anti-Ig resggenia, 1t has been ghown thet immature
B-cells bezring only Igh develop into cells begring Igi
and IgD on the surface from which cells which produce

Igil srise, 8imilerly, other immsture B-cells with Igii,
develop into cells bearing Ig4 and IgD on the surface or
gcells beagring IgGl_4 end Igh on their surface, from which
cells which produce Igi and IgGl_é, regpectively arise.
(Abney et g1 1978, Gsthings et =1, 1977).

Important features of this scheme of B-cell deve-

lopment sre that:-
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1)

2}

3)

Igil bearing cell preceede IgD beagring cells in
order of appeargnce,

Igs bearing cells destined to produce Iga arise
mainly, if not exclusively from Iglki-bearing cells
end not IgQl bearing cells, and

Terminal stages ¢f B-cell development can occur
in peripheral lymphoid tissves including peyer's

patches gnd spleen.
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B} The Development gnd meturstion of

P—cells:

The cells that provice the host with the necesssry
mgchinery for cell-mediasted immune regctions grise in
the bone marrow, This site is elsc the origin of %he
celle of hematologic system and may explain the clini-
cal association of certain hemglologic discrders gnd
beone dyscresies with immunodeficiency syndromes., Begin-
ing in iptrgutrine life, scme of the bopne marrow cells
mature under the influence of the thymus (T) gland and
are known as T-lymphocytes or T-cells, iligration from
bone merrow sites into the thymus gland begins in eariy
foetel life and persists for severel years, at leamst into
gdolescence., After this thymic interasction, the cells,
termed post-thymic cells, take up residence in the peri-
arteriolar sheaths of the spleen, peyer's patch tissue,
and parscorticel (thymic-dependent) area of the lymph
nodes, In these sites they have the gppearance of small
lymphocytes with dark pykmotic nuclei and a high nucl-
earcy foplasnic ratio,. It is alsc possible that cells
pass directly from the bone marrow to the thymic-depen-
dent lymphoid areas and "meture" under the influences
of humorel factors elaborgted by thymic epithelium,
Bxperiments by(Gowans and Knight 1964); have shawn that

Central Library - Ain Shams University



the cells do not remain sessile, from the lymphoid
crgans they enter the blood stream and thorgeic duct
and constantly circulate throughout the lymphoid sys-

tem. They do not return fo the thymus, however,

Microenvironment:

T-cell differentigtion shares with B cell diff-
erentintion the necessity for an appropriate microenviron-
ment, which in this case, of course is the thymus., FEone
merrow cell precursors migreie to the thymus at a low rate
through ocut the life of fhe animal and once in the thymus
are induced tc become mature T-cells {Ford gnd Micklem,
1963). The induction process involves interacticn bet-
ween thymus epithelium end the bone merrow cells which is
medieted, (Dosch et al 1974), in part by humoral faciors
such a8 polypeptide tihymopoietin (Basch and Goldstein
1974). That the thymic epithelium is the origin of diff-
eren{iation fgoctors is shown by studles by Pyke et al.
{1975), wherein supernstants from humsn thymic epithelial
cultures were shown to induce bone marrow cells te form

rosettes with sheep erythrocytes, a property of T-celils,

Thymic Hormeones:

& product of the thymus which hkas been partially

purified and chargcterized is able to exert an influence
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upon the fthymic-dependent populetion of cells both as
induces, conferring onto bone marrow cells the capabi-
1ity of post-thymic ceils, and as an expander or sti-
mulus to prolifergtion: It seems most likely thgat
there gre mgny factors elaborsgted by the thymus which
play a role in T=cell maturation, differentistion, and
perhaps proliferation. The best discribed gre thymic
factor (Bach et al., 1975), Thymopoietin (Basch and
Goldstein, 1974}, thymic humoral fsctor (Trainin et al
1975), and thymosin (Goldstein et a1 1975). Following
treatment with crude calf thymosin, periphersl blood
mononuclegr ¢ells from immunodeficient patients can be
ghown to develop E-rosetting characteristics (Touraine
et al, 1974 and Wara et al, 1975). A preparation from
calf thymus can convert bone marrow (stem) cells of nor-

mals to B-rosetting cells (Horowitz et al ,1977).

P-lymphocy tes;:

Iymphocyte 1life span:-

There gre long-lived and short-lived T lymphocy tes.

Studizs of periphergl blood lymphocyties from patients

receiving X-irrpdigtion as long as ten years prior to

time of testing heve shown the persistence of radiation

induced chromosomal damasge, These studles imply that
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at least gome lymphocytes have g life span of 10 years
or more, such cells would be ideally suited for the
cgrrigge of immuneclogic memory. = The long-lived lympho-
cytea form the major portion of the thoracic duct cells
{90%), whereas the sacrt-lived T~ lymphocytes are meinly

located in the thymus, spleen, gnd boxe marrow.

T—cell circulation:

The thymus continuously resupplies the periphergl
lymphoid ¢issue with T-cells, and thymectomy is ulti-
mately followed by lymphocytopenig and lymphoid deple-
tion of the thymic dependent areas of the lymph nodes
and spleen, However, since the periphersl T-cell pool
is long-lived, post-thymectomy lymphoid depletion msy
tgke some time to develop. A mgjority of thymocytes
entering the periphergl pool are shori-lived, these cells
are non recirculating and are made up in part of a popu~
lation of immature T—~cells that may depend on thymiec
factors to complete their development, A minority of the
cells entering the periphergl pool are long-lived, these
are mature cells that are continuously replenishing na

large pool of circulating T-cells,

Lymphocy te cireulgtlon:

The controcl of lymphocyte flow is probably dependent

upon cell membrasne receplors, becguse treatment o the
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