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'Lymphoid tissue associated wi mehoid me o e

in defending the body against the infections and spread of tumrs. It consists of connect

lissue with various types of white blood cells enmeshed in it, most numerous bein
Y NpRocyies

The lymphoid tissue may be pri secondary, or tertiary depending upon the. Mﬁmﬁ
lymphoeyte ¢ ‘and mmm it is involved in. (The tertiary lymphoid tissue
typically cmmhlsﬁ\rﬁwlymphocmmmmﬁ&umm role only when ch |
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blood and lymph.
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Some common causes of swollen lymph nodes include infections, infectious
mnnmusjmtg_a.ﬂﬂdmeg nglglsm.aandnm.&qdnhlnlmnm&
m&i&m;o cancerous cells via the lymphatic system.

is a type of cancer usually resulting from the white blood cells
mthe?;:ybacommgdlseasedordmaged Presently, this kind of cancer is easily
contro
Lymphangiomatosis is a disease involving multiple cysts or lesions formed from
lymphatic vessels,
meﬂmmssamdmmmmmmwm
benign tumor occurring frequently in association with
ioleiomyomatosis |sabemgnt1morofthemothmlesofﬂ1e
lmphﬂﬁ%ﬂntomrsmthelm
Lymphoid leukemias and lymphomas are now considered to be tumors of the same
type of cell lineage. They are called "leukemia” when in the blood or marrow and
"lymphoma" when in lymphatic tissue. They are grouped together under the name
"“lymphoid malignancy".
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FIGURE 3:15

The human hmphod syvten

(bome marmw and i) u?d”:ﬂ”:“_.h_u ”..._,H, 2
ondary orgam and denes. i blue. Thew z.q:_._.:_,”__w
amd fune cticially diverse Jyy ronphiid Organs and tssues
Are iveerconmiceed by the bloid vessals (n (mot shoaa)
and hinphane vesels (purple) thevugh which -
phocytes arculate, .3_.5 o’ howte i shiown, but all

major bunes ¢ CHIL DT row " thus are part of the
hrmiphoid wyiem. [Adapted from Har rvey Lodish ot
ak, 1995, Moleidar Celi Biology, dnd ed., Sciensific
American Books |

Primary Lymphoid Organs

Immature lymiphocytes generated during hematopoiesis
mature and become committed 1o a particular antgenic
specificity within the primary lymphoid ongans. Only
after a lymphaocyte has matured within a primary Iym-
phoid organ is the cell immunocompetent (i.e., capa-
ble of mounting an immune response). In mamumals,
B-cell maturation oceurs in the bone marrow and
T-cell maturation oceurs in the thymus,

THYMUS

The thymus is a flat, bilobed organ situated abiove the
Eﬁﬂng—ﬁmﬁggﬁn&.ﬁn Hbm.ﬂgl
ed nto lobulés, which are separa n cach other by
?gnpﬂa%%mnwg
s orga Lm.mmﬂnﬁnionuavgﬂﬁ.&n ouler Compart-
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o Tonisdl
—— Thipracic duct

\\|l Left subclavian vein

and finally leave the thymus via postcapillary v
There appear to be exceprions to ﬁaﬁg
Bnmﬁs&n%nirﬁmﬁwuﬁm ibpopy of
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FIGURE 3-17

Phagrammatic cross-section of a portion: of the thymus, showing sev-
eral lobules separated by connective tisue strndy (tmbecutae). The
densely populated outer cortex i thought to contan many immature
thymocytes (blue), which undergo rapid profiferation coupled with
an enormous rate of cell death. Ako present in the outer cortex are
thyrme marse cells {geay). which are specialized epithehal cells with
long membrane processes that surround up to 50 thymocytes The
medulla & sparsely populated and n thought to contam mon: mature

of the organ and contribute to thymocyte maturaton.

Many of these sromal cells physically interact with the

developing thymocytes (Figure 3-17). Somie thyn
thelial cells in the outer cortex, called n
“long membrane processes und as m
“thymoevtes, formng large m
" comical epithelial cells have Ton,
plasmic_processes that farm a ngtwork and
shown to interact with numerou
traversé the cortex. Interdigitanng
are located at the junction of the cortex and medulla,
also have long processes that interact with developing
thymocytes. T !

Maturation and Selection of T Cells Thymic epithe-
lial cells secrete several hormonal factors necessary for

" the differentiation._and maturation oT'Elin.&w%'f”"“"e‘s_fiﬁ'ﬁa
“the various types of mature T cells. Four such horimonal

Thymocyie
Murse cell

Interdigitating dendritic cell

~
Medullary epithelial cell

Hassall's corpuscles

thymaicytes, During thieir stay within the thymuos, thymocytes interact
with varsous atreimal celly including corrical spichehial cells (lght red),
medillary epithelial cells ftan), gitating dendritic cells (purple).
and macrophages (yellow]. These cells produce thymic hormones and
express high leveb of class 1 and class Tl MHE molecules, Hassally
corpuscles found 0 the medulla contam concentrc layers of degen-
crating epithelial celly. [Adapred from W van Ewiik, 1991, Ay Rew
Trmnol. 9:591.]

mial cells also secrete interleukin 7 (IL-7), which stmu-
“Taxes growth of thymocytes.

T the course ol thymocyte maturation within the
th¥mus, the antigenic diversity of the T-cell receptor i
rated by a series of random gene rearrangements

{sce Chapter 11). After developing thymocytes begin
to express antigen-binding receptors. they are subjected
"10 & two-step selection process, so that only T cells ree-
“ognizing anngenic peptides in the context of sef-MHC
“molecules are released from the thymus. Thymic stromal
“cells, which express high levels of class 1 and cliss 11
MHC molecules, plav a role i this selection process.
Q‘tjing this selection process any developing thymogytes
that are unable to recognize selfi-MHC miolecules or that

“have a high afinity for self-antigen phss seli-MHC (or
self. -ﬁﬁ%E alone) are eliminated by programmed cell

WMM@M a
seli-MHC molecule plus foreign antigen are allowed to

Tactors that have been characterized are -t
‘By-thymosin, thymopoietin, and t ulin, When bone
o el ae culiured with fese icon, membrs Fitors, membrane
molecules characteristic of the T-¢ ge have been
shown o aERcar. ilthiough the role of each of these fac-

tors in Tocell maturation remains unknowi, THymic sto-
Joms e

mature, A detailed discussion of thymic selection is pre-
sented in Chaprer 12, :

An estimated 9590-99% of all thymocyte progeny
undergo programmed cell death within the
out ever maturing.
primarily from the elimination ¢
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1ze foreyEy | antoen i
i i ‘{ ru,n. anngemic. peprdes displaved by seli
MEC molecules and of thymiocyres that nec opnize self-

pepades displiyed by selEMHC mo
Kuown whether some

cules. It 1 ot
M r sort of external signal T 2. the
e oF ahsence of a lactor) mitates pn.‘l-rn'.[m:l'mr
B0 those thymoeyees, Some have suggested
death of most nonselecied thymocytes may be nduced
by endogenous gicotordooids. T as Been known for
sonte time that corical thymocytes, especially i rodents,
are extremely semsiive o ghicocorticoids, wheress ima-
tare T cells are pot.

For mstance, when mouse thymocytes
are incubated wath hish physiologic Tevels of glucocor

cGids Is Dt 1o dic within 1=2 B by apoptosis.
Iiection of glucocorucoids o rats and other expen-
mental anunals leads 16 marked Stophy of the thymus
{Figure 3- 15

Relation Between Thymic and Tmmune Function  The
firt evidence mmplicanng the thymus in mnune func-
non came from expermients nivolving neonatal thymec-
tomy i which the thymus was surgically removed from
newborn mice, These thymectonuzed mice showed a
dramatic decrease w anculating lymphocytes of the T+
cell ineage and an absence of cell-mediated immmunity.
A congenital birth defect m humans (DiGeorge’s syn-
dromie) and in certain mice (nude mice) that involves
fatlare of the thymus to develop provides further evi-
dence. In both cases there 15 an alwence of arculanng
T cells and af cell-mediaged immunity and an mcrease
infectious disease.

The dechne i inunune funcoons that accompany
“l::mi"v ]('.ld]l\“ O an inerease in |'|I|.(‘l'"t'll A, AULOIMIMUNSLY,
and cancer, probably results primarily from changes in
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Bong MARROW
In birds 4 lymphoid organ called the bura of Fabricius
the primary ate of B-cell maturaton. There is no bursa
i mammals and no single counterpart (o 16.as 1 primary
Iymphoid organ. Instead, regions of the bone marmow
and possibly of other lymphond fssies serve a8 the “bur-
sal equivalent” where Becell maturaion oceurs,
Jmmarure B cells proliferate and differentiate: within
the microenvironment of the bone marrow, Stromal cells
within the bone marrow interact directly with the B
cells and secrete various cytokines{thar are reguired tor
the B-cell developmental proces.' S milar to thymie
selection duning T-cell maturation, a selection process
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FIGURE 3-18

Bifecw of glucocortiootensids an the rar thy-
o eland A novinal dhyons (it compared
with the thymme of @ rat 48 b following injec-
non of a cortcomerond (5 mg/kig body weighe)
[From M. M. Compuon and | A Cuflonsk,
192, Tionds Eadocrinel. Msabal. 3:17,)
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Secondary Lymphoid
Organs

Various types of organized lymphoid tissues are located
along the vessels of the lymphatic system. Some lymphoid
fissue in the lung and lamina propria of the intestinal wall
consists of diffuse collections of lymphocytes and macro-
phages. Other lymphoid tissue 1s organized into structures
“called lymphoid follicles, which consist of ageregates of
various eells surrounded by a network of draining lym-
phatic capillaries. In the absence of antigen activation, a
[ymphoid follicle—called a primary follicle—com-
“prises a network _of follicular dendritic cells and small
“resting B cells. Following an antigenic “challenge, a pri-
Tnary follicle becomes a larger secondary follicle—a
ring of concentrically packed B lymphocytes surround-
Thg a center (the germinal center) whi

: ch proliferat-
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FIGURE 3-19

Lympharic vessels. Small lympharic capillaries opening into the tissue
spaces pick up interstoal tissue fuid and carry it into progressively
larger lymphatic vessels, which carry the fluid, now called lymph, into
regional lymph nodes. As lymph leaves the nodes, it s carried
through larger efferent lvmphatic vessels, which eventually drain into
the circulatory system ar the thorcic duct or right mph duct (see
Figure 3-16).

ing B lymphocytes, memory B cells; and plasma cells are

interspersed with macrophages and follicular dendritic

o T T e

“The germinal center is a site of intense B-cell activa-

tion and contains large numbers of blast ¢ -

WENMM%&
“the membrane of follicular dendritic cells are mduced to
_E;]:E"W_mq;}_ differentiate into plasma and memory
_cell ITE_!]'IE absence of antigen acﬁﬁdmap—
pear to undergo programmed cell déath within the ger-

pro]:ib

minal center. The process of B-cell activation,
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1. Overview

Lymph nodes are kidney-shaped structures found at regular int
a few millimeters to about 1-2 cm long They are located all over
and range in size from Imm 1o 23mm, Each lymph node is surrounde:
from a dense layer of connective tissue. ’ mm
They are a secondary Iymphold organs and their role is to filter Iymph and assist " mnngen
response. Lymphatic vessels pick up antigenic material, inflammatory mediators anes ym a8
presenting cells (APCs) and deliver them 1o lymph nodes. APCs can interact yth BAleS
and aclivale an immune response.

2. Lymph Node Structure

The lymph node is divided into 3 areas. The outermost part is the cortex, the innermost 'EB nd T cells
themedulla and the paracortex (s in the middle of the two. These are shown in figure ‘ anlarn(-'l
are located in separate parts of the lymph node. This allows separate areas for the cafis 10/

with APCs and undergo clonal expansion.
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Figure 1: An overview of the fymph riode structure. It shows the main areas of the lymph node {cortex, paracortex and
medulta) as well as arrows indicating the direction of lymph flow through the lymph node.

a. Cortex

The cortex is a B Cell area containing aggregations of B cells within follicles. In an unstimulated
lymph nede these follicles are known as primary follicles. Upon stimulation by antigens, they













“owelh Lodis, Factoms releised
%&;;uhﬁon are thought 10
1 wcreased lymphocyt® iAo

* SPLEEN

The spleent is a large. ovoid secondary W mph
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B} IMARY LYMPHOID ORGANS
i VERSUS
SECONDARY LYMPHOID ORGANS

LYMPHOID
 GANS
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rgans of the immune
system where lymphocytes

are formed and mature

Allow lymphoid stem cells
to proliferate, differentiate,
and mature
FEEEEE N EEEREEREEEEEEER
Contain either T cells
or B cells :
AREEENEEEEREEEESEEEERESR
Have no contact with
antigens

Undergo atrophy with age







Cutaneeous associated Lymphoid Tissue

Skmlu:ndu mwdmglmmdefmm( discussed already) also produces number of cytokines
which sets n inflamatory response. More so karyocites ( Fig ) can also be induced to express
class I1 MHC molecules and function as antigen presenting cell. Epidermal langerghans cells are
modified dendritic cells which intemelize antigen and migrate from epidermis to regional lymph
nodes and afier reaching there differentiate into interdigitating dendritic cells
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ll.-‘ 6. - Cutaneous- associsted lymiphosd fssues  Keratinooybes, the mapor es of the eprdenms, seomete o tokines that

may induce & inflamematony response Langertuns vells w the shin indenabise sntigen and awne o the by mph
(8 weiled orlls) o lvemph nodes where o dilferentates ito interdgptating dendritic orlls, these function
minantly Toells that expoess the yd T-oell
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T lymphocyte

— Perivascular :
lymphocytes and | Dermis
macrophages

™~ Macrophage

¥
To circulation |

Drainage to
regional lymphnode

These cells use to express very high level of Class II MHC and function as APC which intern

activates T helper cells.
Besides this, epidermis do contains intraepidermal lymphocytwe. They are modified T cells
having CD 8. It i1s believed that they are appropreatly located to interact with antigem which

enters through skin.
However in dermis too scattered lymphocytes are found having both CD4 and CD § along with
macrophages. Some workers believe that these are second line odf defence mn the cutancous

tissue. But some scholl believe that these are preactivated T cell lines or memory cells.
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11 i mated at various sites in such a way to encounter a
um very comfortably. However. in the case of intest
ch sample antigen from the lumen and deliver it to ﬁlﬁ
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The components of MALT are sometimes subdivided into the following:

L. GALT (gut-associated lymphoid tissue. Peyer's patches are a component of GALT found
in the lining of the small intestines. )
BALT (bronchus-associated lymphoid tissue)
NALT (nasal-associated lymphoid tissue)
CALT (conjunctival-associated lymphoid tissue)
LALT (larynx-associated lymphoid tissue)
SALT (skin-associated lymphoid tissue)
VALT (vulvo-vaginal-associated lymphoid tissue)
TALT (testis-associated lymphoid tissue)

Itcan be also distinguished by level of organization of the tissue:

A O-MALT (organized mucosa-associated lymphatic tissue): specifically, the tonsils
of Waldeyer's tonsillar ring are O-MALT.

B. D-MALT (diffuse mucosa-associated lymphatic tissue); MALT that is not organized as a
separately macroscopically anatomically identifiable mass. tissue or organ (such as the
aforementioned O-MALT) is diffuse MALT.

Wherever they are, what ever is their span. their size — they play important role in promoting
munume response by delivering small samples of foreign antigen from the site fof entry to

underlying lymphoid tissue

However M cells are hittle different. They are flattend epithelial cells having no microvilli
Which is one of the regular feature of mucous epithelial lining ). The have inveginative pockets.
These pockets are filled with Lynphocytes and macrophages. Endocytosed antigens are delivered
to these contained cells in associatiob with CLASS [T MHC which M cells are capable of

producing. This delivery takes place with in the pocket.
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