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A tissue is a collection of cells with a usually common
embryologic origin that function together to perform a

specialized activity. In addition to the cells, a tissue contains
a substance that’s present between the cells called the
extracellular matrix (ECM).

* Body tissues can be generally divided into 4 main types

according to the rype of cells and the amount and content
of the ECM they possess.

* The main types of body tissues are:
1. Epithelial tissue
2. Connective tissue
3. Muscular tissue
4. Nervous tissue

Extra- = outside. Intra- = inside. Inter- = between.




Table 1: Types of tissues and their characteristics
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Epithelial Tissue

* The epithelial tissue has the foll L_x(d)vwng characteristics:
o) ey ) i gls
1. It covers surfaces or lines caV1tles As a result, it’s In

contact with another medium (air or fluid), which
means that i1t’s exposed to foreign bodies and chemicals.
To endure these adverse conditions, the epithelium has a
rapid turn-over (time from birth till the death of the
cell). Lesbonl 5 lelil s o ilia dosl 55 (o (5% Cam Banll Il gl Jia
UALQ} cavitiesd! U—“Lﬁﬁ‘ d.\\}uadbaﬂés UJSJCJCJM‘ quJMﬂL;Lu.A\ C_\.m.\j\\.a.u.\
L sbose g Lgilivon IS0 Fpm AN A5l i jrall s AN Al Jie (63 (i paiill sl AL ay
(i) Jla 2025 Y A (lamy 202y i Zodll o U <8 5Y A turn-overd'**
(&) 4) Aallg (aly) 7-5) Banal) Ailday Jia day o Lgudany i) Jia han diday Lgudany
2. It’s formed of sheets of closely packed cells. As a result,

the cells assume a polyhedral shape (columnar,
cuboidal, etc...).

Polyhedral = A 3D geometric shape with several faces. From Greek poly- = many and -hedron = surface




3. The cells are polar and are connected with each other

and with the underlying tissue by various types of

complexes. Polarity of the cell: different parts of the cell
have different features because they perform different function.

4. The epithelium rests upon a sheet of extracellular matrix
called the Basal Lamina.

5. Epithelia have a layer of connective tissue under them,
for example: lamina propria of the gastrointestinal tract

and the dermis of the skin.

6. Epithelial tissues are avascular (lack blood vessels). It
takes 1ts nourishments by diffusion from underlying
vascular tissues.

a- = Not, lack.



Epithelium Fig.1: Characteristics of
Epithelial tissues. (a) Cross

Lamina propria section of small intestine.
(connective tissue) | /| (b) Section through the
skin.

Abdominal
cavity (fluid)

Lumen (air+fluid)

External
oo environment

Epithelium (Epidermis) —

Connective tissue
(Dermis)




Functions of Epithelial Tissue:

1. Lining, covering and protection. “les Akxi (s
JIA
2. Secretion (epithelium of stomach and glands).
elealal, N .
3. Absorption (epithelium of the intestines).
ekl o
4. Contraction (myoepithelial cells).



Basal Lamina and Basement Membrane

Apical (free) Lateral surfaces

» Basal lamina 1s a sheet of  surface |
ECM located under the
epithelium. It’s very thin and
can only be seen by the
electron microscope.

> Basement membrane 1s a
much thicker structure seen
by the light microscope. It’s
formed of the basal lamina
and the reticular lamina. The
reticular lamina 1s the upper Nerve ~Blood vessel

— Epithelium

Basal

Iam!na Basement
Reticular membrane
lamina

Connective
tissue

reticular-fiber-rich part of the connective tissue that’s
usually located under the 6p1thellum basement membraned\ c\j}[}

Light Microscoped) < 4is )l 3 Lyl (5 5Ss alaann ala oAk (e S (e o 5S
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Reticular lamina

Fig.2: (a) EM image showing the basal
lamina (BL); note underlying reticular
lamina. (b) LM image showing the
basement membrane (white arrows).

ciai basement membraned
Light Microscoped!
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Functions of Basal Lamina:

1. Provide structural support for the epithelium.
2. Help m filtering of substances that pass through
(depending on the number and size of holes 1n 1t).

(Allow substances to pass through epithelium)

(Do A sall )5 50 Fmg) s e (s siat basal laminad) asadl (SLY) (s

3. Affect cell proliferation, differentiation and
migration.

AY JSe e WA AS a5 (LAY £ 58 e LA Jga8) b e LAY ASS e Sy

4. Important for cell repair (as 1n repair of nerve fiber
and neuromuscular junctions).

alu 58 basement membraned! Y Wil healing s 73al uay olic



1)
2)

Types of Epithelium

Epithelium can be divided into two general groups:

Lining or covering epithelium 5y

Glandular epithelium > Main function is secretion
(2ad)) glandsd) ge 3 ke

However, some lining epithelial cells secrete (like

those in the stomach) and some glandular cells are

present between cells of lining epithelium (like goblet

cells of small intestine)




According to number of layers

—

Simple
(1 layer)

\

Stratified 7=

& 5 (0 S| palliad aany Jue g 6

Pseudostratified
epithelium

1>

(>2 layers) Formed of several strata

According to shape of cell

(Multiple layers)
According to shape of cell in top-most layer |

\ 4

Squamous

\ 4

Cuboidal

\ 4

Columnar

A4

Squamous

pd
~

Y

basal laminadl e 2=Y)

A4

Cuboidal

A4

Columnar

A4

Transitional

> Keratinized

Non-

keratinized

epitheliumd) sial 3 Ll

e ga agle allaty G Jsl
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basal laminad! o=



1 layer > Flattened cells (44 3)
Simple Squamous epithelium

o Formed of a single layer of flattened squamous cells.

o It’s found % Arteries, veins @ﬂ‘ e Al L -
* (Capillaries (lining blood vessels)=> Endothelium
* Lining of body cavities =2 Mesothelium

Pericardial cavity (Heart)/ Pleural cavity (Lungs)/ Peritoneum cavity (abdomen)
* Lining alveoli (x50 «3uay2)) = Pneumocytes

o Function: Their thin cytoplasm allows various
substances to pass easily across them (endothelium

and pneumocytes). Mesothelial cells, also, produce a

lubricating fluid. % <l secretion of fluidsd 25 Al 4ada 54l
(iay) frictiond! gieiy

Squamous = from squama = scale . Endo- = Inner. Meso- = middle




. e very thin Lalss Al

2 4 Epithelium _» 5 suludl 54 ) el Jolits e

R ; Basement Slmpl“e Squamolfsq uﬁ“—“ O

/  membrane Gilalaal g ~Usty I shalially
Lamina 3 sall Jals

propria

Capillaries

Air sacs of
Fig.3: Simple squamous epithelium. To King {taeus
the right, we can see the thin gfu:t;et:amous
pneumocytes lining the lung alveoli. opiticlel
Notice their bulging dark nuclei.

cytoplasmd! Jiaty Jaghall - £
nucleid) Jiai sl

Pneumo- = related to lung, from pneuma = breath. Alveoli (single = alveolus) = little cavity.
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Simple Cuboidal epithelium

* Formed of a single layer

of cubical cells. The cell has equal dimensions

(round) JS&l 4y yila s gill 5 A sludia Waalad 5 JSEI 2aaSa Ly 585 ¢ 5S0 LA

= [t’s found in:

e Renal tubules o

* Covering the ovary

" Function: Covering of
organs. Involved in

active transport.
So.. A cell that perform active transport is
usually cuboidal, and the cuboidal cells
usually perform active transport

Fig.4: Simple cuboidal epithelium of
the renal tubules. Note the round
nuclei.




Simple Columnar epithelium  nucleid) S5 gk o

= Formed of a single layer of b = girrrsninal
Cilia Syt T A
tall cells that could be ; "“"“‘ SRl Epinetum

Liaialdl i i Basement
i ; § ‘ |} r: /’
¥ %" R28 ';.‘,

gciliated or not.

The height is much more than the width

It’s fgl.md L

e _ (Cihated: Uterine tubes.
Non-ciliated: most of the
oastrointestinal tract. | ,‘
(Aage 5488 ;Lui/zm) gl Sleall 3T S
Covered by cilia ()l /) i) -

- R, : : Fig.5: Simple columnar epithelium of
Function: Secretion as in the gallbladder. Note the oval nuclei.

the stomach. Absorption as gallbladderd & U< i gimn sl

in the small intestine. “a_» not-ciliated o555
83 9> 9 OSa e Adiati Wil g (not specific) 323sw (ie epitheliumd) 4ads g**




Protectiond! » 4c) sl calisa stratified epitheliumd! 4sss Hl dauds gli**

Stratified Squamous epithelium - Keratinized
Covered with layer of died cells

* Formed of multiple layers of cells. The topmost layer
1s formed of squamous cells. The epithelium 1is
covered b}{ keratin](a non-living material).

Ls, died cells

* [t’s found 1n areas that require great protection:

- Skin 9 Eplderrms = 33 g gall LAY sl 92 keratinocytesd\
keratin .« intermediate filament e ¢ sist W¥epidermisd!
..died keratinocytes ¢ 3 ke s slall ¢ jall (S

=  Function: &) epitheliumd! 8 cilidall sxe ) ) LS
: | ot | dlea 5
1) Protection —  ©organd! s tissuedifles e 455

2) Prevent water loss
skind! G b e slall ()i wias Lpailias 5 Ldalii ) Gk s LAY s 5

Keratin = horn.



keratinizedd) ¢ AU il (e e 5 4y o5 4 A0y Canal G Gilas
¢ gmgall JHiac 48 sV i g e s J2! non-keratinizedd s

Keratinocytes are the primary type of cell found in the epidermis,
the outermost layer of the skin. In humans, they constitute 90%
of epidermal skin cells. Basal cells in the basal layer of the skin
are sometimes referred to as basal keratinocytes. Keratinocytes
form a barrier against environmental damage by heat, UV
radiation, water loss, pathogenic bacteria, fungi, parasites, and

viruses.
doa Al &l gl (e =3 g elall o yud i Gliie (a gpada A1l 33 g g keratinocytesd\

The key difference between keratinized and nonkeratinized
epithelium is that keratinized epithelium is impervious to
water while nonkeratinized epithelium is pervious to water.
Moreover, keratinized epithelium is an effective barrier,
while nonkeratinized epithelium is a less effective barrier.



>The layers of died squamous cells

v pi

-> Layers of living squamous cells

-
-
” s - 5
vl o TG
i Q& Vs
- ¥
» 3

......

AR - ol Layers of cuboidal, columnar
P R “ and other cells
i T oo B B I s S e The most top is squamous

Dead keratinocytes

Layers of living squamous cells <

Fig.6: Epidermis of skin. Notice the
keratin layer.

Living keratinocyte

Melanocyte

Epidermal
dendritic cell

Basement membrane
Tactile cell
Sensory nerve ending

Layers of cuboidal, columnar ¢
and other cells




Stratified Squamous epithelium — Non-Keratinized

* Formed of multiple layers of cells. The topmost layer

1s formed of squamous cells. The epithelium 1s not
covered by keratin.

* [t’s found 1n areas that require protection and water
loss 1s not a big problem:
- Mouth, esophagus, anal canal
- Vagina

dJoa g, Lo g elall 3 )led e dalaadl e mw&l\}zkeratind\z\ﬁgbaﬁj
slall e cilialll sla olasy il = (e Lial 4] slize A8kl e (5 ging Y g
dpae Caills o) tissued) e (508) oy G elall zling Lled 43)

= Function: protection, secretion.




Notice that the nuclei are flatted..

Basement So it’s squamous
membrane

Lamina propria

Fig.7: Stratified squamous epithelium.
To the right, we can see that this
epithelium in the esophagus is non-
keratinized (the topmost layer has
nuclet). .
/Le—'f‘i dpauill topmost layerd) sl e-\\
Dy 8 g Jumend) ae il Jladl e
functiond) v e Jssue o) S

S tissueJ! . :




Stratified Cuboidal and Columnar epithelium

Multiple Multiple

‘ Cuboidal Columnar

Large excretory ducts
of salivary and sweat | Conjunctiva

glands
Protection and Protection and
secretion secretion

Zena gill Cargs aidza Gl Ul 40U
OsiSal Lga i N Llaal) aaf janali

columnard!s cuboidald! o=



Stratified Cuboidal : formed of several layers, the top is cuboidal..
- round nucleus / 4 swis Ly & sl - can be found in the large excretory
ducts of salivary and sweat glands — function is protection and secretion.

Stratified columnar : formed of several layers, the top is columnar..
- The height greater than width / oval nucleus — found in conjunctiva
- Main function is protection and secretion

Conjunctiva : it’s a membrane that covers the sclera of the eye ( ¢!
(el (e ganY) ) and the eyelids from the inside , and in the conjunctiva we
have stratified columnar..

- The glands contain ducts.. Firstly, they are small ducts (lined by Simple
cuboidal), then they group up making a larger ducts ( lined by Simple
columnar) , then the large ducts group up again making a larger ducts
(lined by Stratified cuboidal) , to finally group up and make the main
ducts of the gland (lined by Stratified columnar).

Lebastl 40 33U epithelium J) Slasds sae 5 aaa 0 (the duct) sLall aaa o) j LS -
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Fig.8: Above, stratified cuboidal
epithelium in ducts of glands. To




surface

Transitional epithelium (Urothelium): L = Apical

7/

* The topmost cells of this
stratified ~ epithelium are  aiewm |0
dome-like/dome-shaped '

(also called umbrella cells)

Basement
membrane
Connective
tissue

The upper surface™
* is convex (i)

\/

, LAl sl
*¢ Found in: Urinary bladder, ureters and renal calyces. —,
urothelium 4! 28 epitheliumd) o=ls ¢l lie urinary systemd! 4= o) jal LIS sla

\/

* The umbrella cells are dome-shaped when the bladder i1s
empty. Once 1t’s full, these cells will become flattened
(hence the name transitional).

ALal) ¢ DNia) 2my LeISS a3 g4 transitional leiwessd

% Functions: Protection against the adverse effects of urine.

Allow the bladder to change size. . . bladderd) iles il o s

la i (Saa A urinedb 52 s sall




\ < sibladderd) sial aa
~ squamousd top layerd)

Fig.9: Transitional epithelium of the
urinary bladder. To the left, when
bladder is empty. Above, when the
bladder is full. Note the change in
shape of the upper most cells.




Pseudostratified epithelium:

>

In this epithelium, the cells have different
heights. All cells rest on the same basal
lamina, but not all of them reach the surface.
This makes the nuclei occupy different
levels giving the epithelium a false stratified

appearance.  basal laminad) i g sacl8 LIS (a ddliaa J) ghals ddliag LA
, hucleid! @b sl CAT ) a5 als 5 (AaS) e Glaala s 33 g daul ~¢1S)
°-1°L33‘u»-9-*&a@—"u—°a“—)5\-’<>ém c-‘):)cs-i‘).a(»;@_mcﬁ

The Respiratory epithelium 1s a pseudostratified

columnar ciliated epithelium found in the trachea,

: : 25> s« 43 respiratory epithelium 4o
bronchi, and nasal cavity. . | respiratory systemd

Functions:  Protection |, and secretion. Ciliary
movement_ remove particles from the airway passages.
4 & i la ciliad) s dusk particlesd! hasili il Sleadl 8 blaall (e dsida A ) 5 Gy

Pseudo- = false.(ﬂzf“'é'.':'j ST SIPVIN|EE D ENSETRTIPWEN gl RgeRCy R i | PEN | PR EN SEN IR PIREN



Cilia main function is moving particles from one place to another. For ex
the ciliated simple columnar epithelium that exist in uterine tubes
( uterusd! I uterine tubesd (» zygoted! ) duay sall i jati hiak o)

- Ciliated columnar cell

J ¥
1/1 : ;
| ]

fstratifiedd o= pseudostratifiedd e s
S yia by gemy Ay Y1 ) seda -1
(stratified appearance of nuclei)

o Ciliad 2525 -2
membrane Goblet cellsd) 25> 5 -3
Basalcell  PSeudostratified gl 43 Say 3J) sl aa)

B o SN SO
O ¢

Cillia

Fig.10: Respiratory epithelium. Note how
the image below gives the impression that
it’s a stratified epithelium. Also note the
| presence of cilia and mucous secreting
S"M"m goblet cells (long white arrows)

stratified epith W <& » ;) 4l ol 6 ) seall ool Wl
TN paa g aida (e (S el 45Y simple (2 @8 b g
alaiia ye Lell shal g LAY Cag 3




aandl 833 g gall anal) S Jadik*
» Is an epithelium specialized in secretion.

Classification of glandular epithelium:

1) According to number of cells:
* Unicellular glands: formed of a single
cell, like Goblet cglls of the digestive and

respiratory tracts. It’s the only ex in humans, and
can be found between cells of lining epithelium

*  Multicellular glands: formed of clusters

of cells, like: salivary and sweat glands.
multicellular xS auall 8 222l) JS

Uni- =one. Multi- = several.



2) According to presence of ducts:

= Exocrine glands: possess ducts that transfer the
secretion to the outside of the body, like: salivary
glands. Gk e Bole Ll gy 5 i pa gl i €

* Endocrine glands: they lack ducts. Their secretions
are transferred to the target organs, usually, by blood.
Example: Pancreatic Islets, Pituitary gland.

3) Exocrine glands classified according to morphology of
duct and secretory portion. Secretory Vesices

» FEach exocrine gland has a
secretory portion that produces
the secretion and a duct that

carries this secretion, Pucts doesn't
produce, only carry

1 ‘ C— =8
‘(W
L
Acmus Duct
(secretory portion) (conducting portion)

J




AU DI 8 Line b Sy o5 JS*

>
1. Duct

* Ifthe duct is unbranched, the gland 1s called Simple
___* If'the duct is branched, the gland 1s called Compound

(2. Secretory portion N

« If the secretory portion 1s unbranched, the gland 1s called
Unbranched

* If the secretory portion is branched, the gland is called Branched
Secretory portion

 If the secretory portion 1s tube-like in shape, the gland is called
Tubular. If the tube 1s spiral in shape, 1t’s called Coiled.
* If the secretory portion is ball-like in shape, the gland is called

Acinar
* If there are both tubular and acinar secretory portions, the gland
\ 1s called Tubuloacinar /

\/

*» Unbranched secretory portion = 1 secretory portion opens into 1 duct

\/

¢ Branched secretory portion = Several secretory portions open into 1 duct
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4) Exocrine glands classified according to method of
secretion.

merocrne

J Merocrine: only the product is secreted by | e
exocytosis. As in salivary glands. =
2 Al S e 513w Ada)l mhad Y] Jpemy e -
1 Apocrine: the product and the apical part of the
cell is shed. As in mammary gland.
5 e 5 o (050 eiad) 8 LU iy el (o o 3 Lgmn 38 5 Bl x5 AY) J gy i
d Holocrine: the whole cell disintegrates and is @
shed with the secretion. As 1n sebaceous glands
of the skin. il 1Y) Gl g it LelalS, 08
.l secretiond! (chemical composition) el € Al s merocrined) —aiad a3

<* Merocrine glands are either serous or mucous. (=52

(JLlw) more fluid O\S secretiond! 13 &) Lﬁ JS secretiond! 1
Mero- = part. Apo- = away from. Holos = whole. —crine = separate. thick and viscous

Z/



Disintegrating cells
with contents

vesicle

Nucleus \dividing
Secretory vesicles
releasing their

contents via exocytosis

a Merocrine gland b Holocrine gland

Fig.11: Methods of secretion of
exocrine glands.

Lumen of tubule

Pinching off of apical portion of secretory cell

Nucleus of secretory cell

¢ Apocrine gland



Serous cells: (Glands)

1. Pyramidal in shape.
Central, round nucleus.

3. Intense basophilia in the basal
region due to abupdanf:e of sl S 6 5 e S g g sl
rough endoplasmic reticulum ., . 2V s AT (< e caliag,
(RER) and ribosomes. acidophilic = s basophilic ) i) 23l s,

4., Apical region less basophilic

“4 and more acidophilic due to
presence of secretory
granules.

5. Example: Parotid salivary —
gland




Mucous cells: (Glands)

Nucleus compressed 1n the basal
region.

Basophilia 1n the basal region due to
abundance of RER. (Rough Endoplasmic Reticulum)
Apical region filled with several ;s olands Lie s s LU lided) jumas S
large mucin-containing granules — asbesl 3 sall Cus Jé3s = mucousd) . Al 2l
that push the nucleus down. ) empty/white sk a5 sek o ol s,
The contents of the granules =/ &= i sl T
disappear during routine fﬁ?jﬁiﬁjﬁ\
histological preparation = Cells

appear vacant.

Example: Sublingual salivary gland
and Goblet cells.




S (oIl Al i) aetin and myosind! stain ble 58 8 sally
4c ) sie myoepithelial cellsd! Cus: secretory portionsd! 2 a¢in
ductd! <l )8y a8y & aelud lie portionsd! Js~ S

Myoepithelial cells:

¢ These are epithelial cells
associated with glandular

epithelium. glandsd) ge dasi o o <
secretary portion J g ba gad

N/

% They’re located between  ZagF
the secretory cells and the Fig.12: Myoepithelial ~ cells.

basal lamina. Stain for contractile elements.
o=laill L8 L) =y actin and myosin e s sk
¢ They contain contractile elements in their cytoplasm.

When they contract, they compress the secretory
portion of the gland pushing the secretion from its
lumen to the duct.
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Epithelial Cell Polarity

Opposite sides

. | (33lmie AusSlaia 51 3af)
¢ Polarity of a cell means that various regions of the cell
have specialized structural features because they

perform different functions. s cwils ;. adtiad) 2l o)
Aalide 480 g3 o 08 ¢ ja JS AV o) al saxd Ada)) andy LS

epitheliumd! Axals (u ie s Al LA polarityd) < sl (Sacy

¢ Epithelial cells can be generally divided into 3

regions:
1. Apical (Luminal) region: Facing the lumen of the
organ. Or organ

2. Lateral regions: adjacent to other cells.

3. Basal region: Lying on the basal lamina.
(Resting)



Actin

_— (o ubuln) ekl Leregion JSs 335 gall structuresd) s
Dynein ATPase dalia g @Lj LGJ\ Bas g ds ‘\_N by
Stereocilium T Ex: in mucus cells such as goblet
v &)  cells.. The nucleus and the Rough
e 8% Endoplasmic Reticulum (RER) are
Apical region #=™%  in the lower part of the cell, while
— the glandular are apical (upper)
Terminal web —— Y ¢ apicaldLg UJS'U w'd
Lateral lumend! 7 5» secretiond! s =Y
region [Zonuta ocoludens | F"“dlm”“m 4k lumend! L.—:Jés!‘ s apical partd) s
By e nucleusd Wl .. 1YL oSS granulesd) z sy
BT =3 %o, ey alaii ie secretiond! pisl gisk ¢ RERJ
e ) < s s Tumen
basal regiondu
Piaths IL> e
wchonara— T . Central pore Fig.13: Polarity of epithelial
natac-arease {0 i | cells. Note the  various
— iite 8 W M ol specialized structures in the
FAN a0 Y > "CLD:.&:;:",::*::,.,&; e different regions of the cell.

lamina

-

Laminin

Basal region Type IV collagen



Cellular Junctions

Structures found in the cell membrane of the cell
»

% Several membrane-associated structures contribute to
adhesion and communication between cells and

between cells and nearby structures.
(Such as underline tissues)

\/

*¢ They are present in several types of cells, but are most
prominent 1n epithelial cells.

¢ They’re usually present in the lateral surface of the
cell and their arrangement from the apical to basal

parts 1s specific.



Lagla Al JS*

—
] . o Tight
Al UJS“ Junction
junctionsd) s JS;
Fig.14: Various adhoront | lateral surfacedle 325 5
FYpes. of cellula 2 e, cofinectiond) . &L Y
junctions ) (Sae cla lie LD o
Intercellular Junctions
Desmosome
Gaadl) (sl lll i Layos
A hemidesmosome Je
ey (ofls oo day e asy
celld o Xl Gap
basal laminad' s i

Hemidesmosome




1) Tight Junctions (called like that cuz it tightly closes off the intercellular space)
AV AR e g e paily (Y AR Jala (i g 50
" Areas in which there’s fusion of the cell membranes
of two adjacent cells due to the direct interaction
between proteins of the cell membrane.

(a group of tight junctions)
* They consist of several strands of fusion and they

completely surround the cell forming a ring around it.
That’s why these junctions are also called zonula
occludens.

» They’re present in the apical region of the lateral wall
of the cell.  (lumend I &) lateral sided! 4 slall dauall 852 s 50

Zonula = zone. Occludens = occlusion.



tight junction apical ;
zona occludens surface 3 -
s 2 Fig.15: Tight junction. Image on the left

shows how these junctions are formed
of several strands that completely
surround the cell. Fusion of cell
membrane at these junctions is clear in
the EM image below (arrow heads).

extracellular

basal surface
protein strands

In the junction.. The intercellular
space is closed off

A% 1 electron micrograph
' cross-section




"  Functions of the zonula occludens:

1. Prevention of passage of substances through the
intercellular space (this sealing function depends on

the number and complexity of the strands).
Controls the passage of substances LFE Lumen
t junction W / ight unctlon
through the epithelium (T ) y Eaiud

basal laminad! lumend! (s 3 sall Jlaisl

tightd) 2sa5 5. L LLAAD He LS : :

B sl 5spm il o JUNCHONS g S I S oo
ds.d\ e.\.L.uc J.c\.uu uAUU J.\.\SS\ J\j.d\ ar J}JAQ SN B BT T o“f““b'“g“f"“’ﬂ Endothelium

g g R i g i g of capillary

a b
2. Prevention of movement of proteins between apical

and basal surfaces of the cell, thus each region will
maintain 1its characteristic protein structure.



Obstructive Jaundice

|y ey - e | oy g

cells) 1s the synthesis and secretion of bile. 4 \
Bile is first secreted into bile canaliculi, ~, 152 % G k
small intercellular channels bounded by @4{
hepatocytes cell membrane and closed off G N
from the adjacent liver sinusoids by tight
junctions. biled) « i 7 ) TJJL Alia ) jla U f
If there’s an obstruction to the flow of bile W
for any reason, bile will accumulate, and S e e 2

the increased pressure in the canaliculi will
cause rupture of the tight junctions. In this
way, some bile will pass into the sinusoids
and lead to jaundice and other
complications.

So, tight junctions here are considered part
of the blood-bile barrier.
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2) Adherent Junctions

» Areas in which there’s adhesion between two adjacent cells
mediated by a Ca’*-dependent transmembrane glycoprotein
(The intercellular space 1s not closed off).

Cadle iz Jelii 3y )k e (azy sail 404 IS (e glycoproteinsd)

» These glycoproteins are attached to a protein plaque inside the
cell that’s connected to microfilaments.

» Adherent junctions also surround the cell usually below the
zonula occludens forming another zone called zonula
adherens.

» Function of adherent junctions is to provide for a firm adhesion
between adjacent cells thus preventing their separation due to

physical forces. foa A (558l Lguia ya die LA Jladil aiay

Zonula = zone. Adherens = Adhesion.
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Fig.16: Adherent junction. Image above
shows the components of this junction. The
EM image on the left shows that at this

junction (ZA), the intercellular space is not
closed off.




3) Desmosomes

v' Here there is also cellular adhesion mediated by
transmembrane glycoproteins. The glycoproteins are
attached to protein plaques which are in turn attached

to intermediate filaments. microfilaments) o leas S5 6
—\2

v' Because the connection here is with intermediate
filaments, the adhesion 1n desmosomes 1s stronger than
the adhesion provided by the zonula adherens.

v" Desmosomes do not form a ring around the cell, but
are present as scattered single spots called macula
adherens.

Macula = spot.



Intercellular
space
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Fig.17: Desmosomes. Image above shows the
components of this junction. The EM image
to the left shows the position of these
junctions.




v They are usually present in the lower part of the lateral
wall of the cell.

v Function of desmosomes is to provide strong cell-to-
cell adhesion.

z Autoimmune disease (4udi aaler avall)
v'~Pemphigus vulearis is a condition involving the skin

in which there are antibodies against epidermal

desmosomal proteins. These cause disruption of the

desmosomes and the loss of cellular adhesion leading

to accumulation of fluid and formation of blisters. Ji sl gexs
pustule Loz Gledll Led IS o (dagile ye) not infected ¢S 5 Al 8

aaled 7 antibodiesd 4 & ypay AN | Slisi s pll hals ) e 438 desmosomesd)
LAYy ddlial) 300 ) (a7 pala 5 A s Lgaiamy (e Juadihy LA UL 5 i g nll sla
blisterse e Lo 0388 LN s el )l (sla 3 panti fasis Jil gl |

Pemphigus = from pemphix = bubble. Vulgaris = common.




4) Hemidesmosomes

desmosomed! 2 5 (i 43) e ¢ Hemi Ui
intermediate filamentsd) s plaqued) o=
Apandl) G iala 5 Jad aal g oyl e 30 5a g

o These are similar to

desmosomes. They’re located

in the basal surface of the cell

and provide adhesion
between the cell and the
underlying basal lamina.

o In hemidesmosomes, the
adhesion molecules and the
protein plaque are derived

from the cell only.
Hemi- = half.

Intermediate
filament
(keratin)

Basement
membrane

Plague

Plasma membrane
Transmembrane
glycoprotein (integrin)
in extracellular space

Fig.18: Hemidesmosomes. Note how
this junction is present in the cell
only. (basal laminadb 2 s s« (i)




Autoimmune disease

o~ Bullous pemphigoid 1s an autoimmune disease 1n
which antibodies are directed against
hemidesmosomes of the epidermis. Hemidesmosomes
will lose their anchoring abilities leading to separation
of epidermis from the dermis causing accumulation of
fluid and formation of blisters.

Aal) Gt () guadl) slaall (pe Cilamand (oS3 (g0 LaaDS | 38 M)y yall KPRV
desmosomesdh ¢llzaa s hemidesmosomesd) (& Sy als

Bulla = large blister. -oid = like.



S) Gap (Communicating) Junction

s At these junctions, the

RS

\/
0’0

cell membrane of two
adjacent  cells  are
apposed. Each cell has
a disc shaped structure
that contains numerous

protein complexes with

central pores in them.

Gap
junctions

g

=g ¢ ‘ -
i % &% Membrane proteins
— & from adjacent cells
1—-2-4 2 line up to form
m, a channel

Fig.19: Gap junction

(Bl 3 gl Jas e 3 padl) aaie W) Gians e Gldd) g Jay 43 yuea 3L8

Through these pores small molecules may pass

from the cytoplasm of one cell\Eo the other.

Such as ions and water



N/

¢ It could be located anywhere along the lateral
surface of cells.

¢ In cardiac and smooth muscles, the presence of such

junctions allow the passage of Ca 1ons rapidly

between cells ensuring their simultaneous

contraction.

Cad L didee & yun &l sl (sl 2 ga 55 Caionsd 2sa s (s (it ol O lcazll Koy Y

Jas e Ca O bl AS W gas Yoy | ombiiiy) dulee e L S JSi LAY oy

b O adar je LA Lol cundl s | (any ae (i (il 8 00dY)) atriad) <
smooth musclesd! &Y (835 gap junctions

\/

** In bones, the presence of such junctions between
osteocytes ensures the passage of nutrients from one
cell to another.

Osteo- = related to bone. —cyte = cell.



Specialization of the Basal surface

Hemidesmosomes: for anchoring into basal lamina.

Basal striation: infolding of the cell membrane to

increase the surface area. gl Ca il = ) el il die

Several transporters and pumps.

Receptors for various signals.



Specialization of the Apical surface

1) Microvilli (single = microvillus)

* Finger-like cytoplasmic projections that are present in
absorptive epithelium, most prominently in the small
intestine. They increase the surface area.

* They consist of a core of cytoplasm with a network of
actin filaments cross-linked with each other and with
the surrounding cell membrane and with the terminal
web of the cell. They’re motile.

Y LLal 550 ea sa 683 Llaal
* They could be short or long, temporary or permanent.

Villus = Shaggy hair.



Very small and thin.. Can only be seen by EM
Terminal web /tMicrovilli Cell coat
O s,

— Actin filament

— Fimbrin and villin
- Binding to
cell membrane

Intermediate filament

Fig.20: The EM image on the left clearly shows the structure of the microvilli..
The image on the right shows how the actin filaments are cross-linked with each
other, with the cell membrane and the terminal web.




Under light  microscope,
numerous microvilli form a
brush border on the surface of
the small intestinal epithelium.
But, because they’re small,
their features can only be
clearly 1dentified by electron
mICroscope.
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Fig.21: LM 1image of small
intestinal  wall. Note the
Striated/Brush border formed by
\ microvilli (Black arrow).




2) Stereocilia

o These are apical specialization in some absorptive
cells like those of the epididymis and ductus deferens.
They’re also present on the hair-cells of the inner ear.
stereociliadb (hae Leadaw 43Y hair cells Cuen s . aendl e Ay suall LIAD a

.stereociliad) J) sl ) 35z 03 ) Spall a0 J 50 Saandl e A g jaae S
L b gldie ¢laall J5tt nerve impulsesd Jsaii &l ) yiaY) sl

o They are similar in structure to microvilli. However,
they’re longer, less motile and branched.

o They increase the surface area. Stereocilia of the inner
ear act as mechanoceptors.

Stereo- = Firm or solid. Cilium = eyelash.



| k Stereocilia

Fig.22: Above, LM image of stereocilia of
the epithelium of the epididymis (arrows).
The image to the right is a SEM image
showing stereocilia of the inner ear.




3) Cilia (single = cilium)

Its also cytoplasmic projection

= FElongated, motile structures on the surface of some

epithelial cells, like those of the trachea. There are,
usually, many cilia on the surface of a single cell.

Called sweeping motion

= (Cilia move 1n rhythmic fashion backwards and

forwards removing fluid, debris, or various other

materials 1n a certain direction.
A a5 am g olatls o sl el jaty o gy | LA La g ) 5 5 Akl & iy ciliad)
respiratory systemdb sl , uterusd! uterine tubed! o fertilized eggd)
o e 5 bl 1 AY Jleadl sy W (ps2lil)) pharynxd) slaib 48 jall Ll

* [t’s surrounded by cell membrane

and 1s formed of microtubules
arranged 1n a specific pattern.




Cilia is thicker than the microvilli
and easier to be seen by LM

Cilia

Fig.23: LM image above shows the cilia of
the epithelium of the respiratory tract. In the
EM image on the right, note how the cilia
are much longer and thicker than the,
microvilli.

Microvilil



Flagella (single = flagellum)
are structurally like cilia but
are much longer and, usually,
only one flagellum 1s present
on a cell. The movement of
the flagellum 1s rotational.

The only cell in the human
body that has a flagellum 1s
the sperm. Here, 1t’s used for
movement of the sperm.
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Fig.24: The tail of the
sperm is a flagellum.




Airway
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Fig.25: The left animated image shows the forwards and backwards sweeping
motion of cilia. Compare it with the rotational propulsive movement of the
flagellum (tail) of a sperm shown in the right animated image.




(Abnormal movement)
Primary Ciliary Dyskinesia (Immotile Cilia Syndrome)

= [t’s a genetic disorder in which there 1s abnormality in the
movement of cilia and flagella.

* Mucus 1s not easily removed form the respiratory system
leading to repeated infections.

= Sperms cannot move easily leading to male infertility.

* The cilia of the uterine tubes may also be affected leading

to infertility in females.



THANK YOU

It's better to know one

thing about everything
and everything about
one thing




