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Chromatin
Formed of DNA. -

Nucleolus
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Heterochromatin

2 Forms:
— Euchromatin: extended active
chromatin (pale).
— Heterochromatin: condensed
inactive chromatin (dark)

It is a spherical dark basophilic mass not
surrounded by a membrane.

Usually one.

Function: formation and assembly of N“d?‘fﬁ ¥

ribosomal RNA (rRNA), which is
responsible for protein synthesis in the
Cytoplasm A o o ll s o prervinadt muckeolus s idieates B protein spbici ~cbivtp /o
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The nucleus is basophilic — stained :
with the basic dye Hematoxylin. |

If the nucleus has more heterchromatin,

it appears dark blue in color. But, when

the nucleus has more euchromatin, it

appears light blue in color.

Euchromatin |
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Note:
The nucleus stains blue (basophilic) using H&E
Lightly basophilic: active Deeply basophilic and small: inactive
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Nucleolus

Inactive nuclei
(Heterochromatin)



Note:
The cytoplasm stains pink/red (acidophilic) using H&E
The organelle (when prominent) that produces basophilia in the cytoplasm is the
ribosome
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FREE POLYRIBOSOMES
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mRNA

Ribosome

Cisterna of
rough ER

\ Misfolded & /

Proteins of cytosol denatured proteins
& cytoskeleton J
~
§ Conjugated to ubiquitin Golgi apparatus processing & sorting
< v / \
S
§ Specific proteins imported to Secretory vesicles  Lysosomes
N
) / 1 \ 2 / \
Mitochondria ~ Peroxisomes  Nucleus Proteasome Proteins secreted Proteins of cell

Protein degradation from cell membrane
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Parenchyma / Stroma:

Parenchyma @@@L@J
The parenchyma of an organ ®
consists of that tissue which \>\/(,__j
conducts the specific function of the
organ and which usually comprises > O Q
the bulk of the organ. Stroma is
everything else -- connective tissue, y >Q Q 6 @
blood vessels, nerves, ducts. It is W @
made up of all the parts without Q (
specific functions of the organ O
For Example: ? Q @@
The parenchyma of the heart is
muscle tissue (cardiac muscle >

cells). The nerves, intrinsic blood
vessels, and connective tissue of the
heart comprise the stroma.
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Reticular connective tissue

Consists of reticular cells / / S})
modified fibroblasts) and
( ) ( ' }

8 \

the network of reticular = @»
fibers formed by them \o
Forms the structural f7

framework (stroma) in

which the cells of the organ
are suspended

In the liver, bone marrow,
lymph nodes and spleen
(Reticulo-Endothelial -t -«
OFGANS) i b vhebe boon

Reticular cell

Reticular fibers are thin and branching forming a network :ﬁ%ﬁﬁw
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Types of capillaries — s+

Continuous capillaries

» Are most common

» Endothelium forms solid lining

» Adjacent cells are held together with
tight junctions

» Found in most organs

Fenestrated capillaries

» Endothelium contains pores
(fenestrations) te- by jpmate

»Found wherever active capillary
absorption or filtrate formation occurs
» Found in endocrine glands, small

intestine, and kidne}Q Sefpoched by
B
¥

Sinusoidal capillaries

» Exhibit wide diameters with wide

gaps between endothelial cells

» Basement membrane incomplete or absent

» Allow large molecules (proteins and blood cells) to
pass between the blood and surrounding tissues

» Found in liver, spleen, and bone marrow

Continuous

asement membrane -

o
(tunica intima)
S

Dr. Heba Kalbouneh

Endothelial layer
y i

Intercellular cleft /

Fenestrated Sinusoid

\\ i Incomplete
: basement

\ \ membrane
Intercellular gap /o4

Fenestrations



Blood Cell Formation (Hematopoiesis)

Mature blood cells have a relatively short life span and must be
continuously replaced with new cells from precursors developing during
hemopoiesis/ hematopoiesis (Gr. haima, blood + poiesis, a making).

Amniotic egg

/x yolk i yolk (nutrients)

albumin

(AM -7&‘0 30’, W)
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allantois

Early embryo (s i # £ 1)
Yolk sac mesoderm

amnion

amniotic fluid embryo shell

Second trimester

Developing liver and spleen
(eubrrged)

Third trimester

Bone marrow

uhen s bores ore. formel I e
e bore. marrsa i comgllidy el it
B castbion & o bones , Hicse shemn olls
migae. do paplde inside Hhe el bore marrns

After birth, all blood cells originate in bone marrow

-=+._Medullary hematopoiesis

Pw«,?wammﬁw bload shreaun
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Bone marrow

The red bone marrow is a highly cellular
structure that is located in the
medullary cavities of the bone

It consists of:
Hemopoietic stem cells
(the origin of different blood cells)
surrounded by numerous macrophages
and sinusoidal capillaries and supported
by a reticular tissue.

Extramedullary

As the individual ages and becomes an hemat0p91e§1s refers to thp
hematopoiesis that occurs in

adult, the red marrow 1s found primarily
in the axial skeleton (flat bones of the 7 AR organs other than bone
skull, sternum and ribs, vertebrae, and ~ J (AN Marrow.
pelvic bones). The remaining bones, | (f.etal development, normal
primarily the long bones in the limbs of . MIMUNE TESPONSCs, and
the body, gradually accumulate fat, and 1 { i pathological circumstances)
their marrow becomes yellow. |
Under certain conditions B

Consequently, they lose the hemopoietic o ; S e
functions. IR (severe bleeding or hypoxia), wal”
7T yellow marrow reverts to red -

Bf%k‘smd,

Y/
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These are reticular cells that 4
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produce reticular fibers, they { ! — ~

-~ \
form the supporting stroma. - @ § \ o \

Hematopoietic stem

cells at different stages

of development and \ .
differentiation, they s
form the Parenchyma

of red bone marrow.
.

Since the bone 3
marrow is located
within the spaces

of our bones, we
can find a bony

piece here.

Sinusoidal capillaries
@& | with gaps in between
¥ the endothelial cells.
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This macrophage extents its
M/mxﬂ{v doived process into the lumen of

W
. the sinusoid to identify any
(/ eide B B abnormal or old RBCs.

Discontinuous
\Base'ment membrane

\/

Sinusoidal o Continuous capillary

capillary

Macrophage

pert sinusoidal

wx :
/ Endothelium

Intercellular gap /a#

(—va%ws e vosemandy LA He rature
clls Arope te red B ido blood dhpease

Reticular cell
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Reticular tissue
forming the stroma of
the bone marrow
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Between the hematopoitetic cells run the sinusoids, which have discontinuous
endothelium, through which newly differentiated blood cells and platelets enter the
circulation

Sinusoids

Hematopoitic
cells

Red marrow is also a site where older, defective erythrocytes undergo phagocytosis by
macrophages, which then reprocess heme-bound iron for delivery to the differentiating
erythrocytes.
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Stem cells are capable of asymmetric division
and self-renewal.

Stem cells can maintain the original
population

Stem ‘
cell \

Every time the stem c€ll multiplies, it will give
two cells, one differentiate into mature RBCs
and the other cell add to the original

POPUlation o kep pur rmber

Precursor cells produce only
mature blood cells

Erythroblasts are precursor cells

Erythroblast

O 'y

N

All Erythroblasts multiply and
differentiate into mature RBCs
(erythrocytes) and no erythroblasts are
left in the end
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Hematopoietic pluripotent stem cells . Undor e Dty iy ouds it bt Hese B it s

&
e b gt 4 ~ Stem cell§ and pljogenitgr cells cannot be
e i morphologically distinguished and resemble
o ko ki e large lymphocytes
Myeloid stem cells Lymphoid stem cells
Rate of cell division:
Slow in Stem cells
Rapid in progenitor and precursor cells
Progenitor cells/ CFUs All progenitor cells (CFUs) produce precursor

cells (or blasts)

Precursor cells/ Blasts — — secfe b . S

Selected precursors of different blood cells
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z £ - ATBEI Precursor cells gradually assume the
£ 1 QY 2 \S\\, a morphologic characteristics of the mature,
el . - functional cell types they will become



Pluripotent hematopoietic stem cells

All blood cells arise from a single type of stem cell in the bone

marrow called pluripotent stem cell

It can produce ALL BLOOD CELL TYPES

It proliferates and forms two major cell linages

Myeloid stem cells

A
N

Z

N\
Progenitor and
precursor cells

<

Granulocytes
-Neutrophils
-Basophils
-Eosinophils
Erythrocytes
Megakaryocytes
Monocytes

Lymphoid stem cells
ot <X 7
@0\)&? '{‘5\’6 g ‘£
W e
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T lymphocyte
B lymphocyte
Natural killer cells
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Progenitor cells/ CFUs

Pluripotent hematopoietic stem cells

Myeloid stem cells
CFU Erythrocyte
CFU-E
CFU Monocyte
CFU Granulocyte- CFU-M
Monocyte
CFU-GM CFU Granulocyte
CFU-G
CFU Megakaryocyte
CFU-M

The progenitor cells for blood cells are often called
colony-forming units (CFUs), because they give rise
to colonies of only one cell type when cultured in
vitro or injected into a spleen.

Lymphoid stem cells

CFU Lymphocyte
CFU-L
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Blood Cell Formation (Hematopoiesis)

Throughout childhood and adult life, erythrocytes, granulocytes, monocytes, and
platelets continue to form from stem cells located in bone marrow

Important & required Erythropoiesis: the process whif:h produces erythrocytes
Granulopoiesis: the process which produces granulocytes

Thrombopoiesis: the process which produces thrombocytes
Lymphopoiesis: the process which produces lymphocytes
Monocytopoiesis: the process which produces monocytes
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Proerythroblast

Basophilic
erythroblast

Polychromatophilic
erythroblast

Normoblast

Reticulocyte
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Erythropoiesis (red cell formation)

v" Takes about 1 week

v’ Rate is controled by the hormone
erythropoietin (secreted by the kidney cells)
and the availability of iron, folic acid,

4t yitamen B12, protein precursors

Lo for e sputhess 4 o

Stages of differentiation are characterized by:
1- Decreasing cell size
2- Progressive loss of organelles

Presence of free ribosomes at early stages

&

Accounts for the marked cytoplasmic
basophilia (blue)
3- Progressive increase in hemoglobin content

&

Accounts for increasing eosinophilia
(pink/red)
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20 hours 100 7 - RNA

Proerythroblast 80

60 -

20 hours 40

Concentration (%)

Basophilic

erythroblast 20| Hemoglobin >
O | I | 1 1
80 60 40 20 0
25 hours Maturation (nuclear area in um?)
Polychromatophilic
erythroblast 30 hours
Reticulocyte
3 days

Orthochromatophilic
erythroblast

\

Nucleus ejected '

Pyknotic Erythrocyte
nucleus




&Sd“kxw —> Ribesormes

v'The first recognizable erythrocyte precursor
Proerythroblast |——— v'Largest cell (17um)

v'Large pale nucleus with prominent nucleolus
v'Pale basophilic cytoplasm

v'The cell becomes smaller (15um)
v'Nucleus: smaller and darker

I
I
|
|
I
|
|
|
: Basophilic v'Deeply basophilic cytoplasm (high in ribosomes)
! erythroblast
31
3 v'The cell becomes smaller (13um)
2 - v'Nucleus: smaller and darker
l Polychromatophilic :
3 | v'Cytoplasm becomes violet
b erythroblast v'Takes basic (ribosomes) and acidic stains (Hb)
3
N : /—>=orf1w“’°"“bfm‘° enfbhblds
| v'The cell becomes smaller (11um)
! Normoblast v'Nucleus: smaller, darker and eccentric to be expelled outside
! v'Cytoplasm is acidophilic (Hb)
| The nucleus is extruded at this stage
|
|
3 ! Reticulocyte + v'Immature erythrocyte but slightly larger (9um)
3, ‘ v'No nucleus
S v'Cytoplasm is acidophilic (Hb) but contains remnants of
S : ribosomes forming reticulum —whe we we « specid shain
E.v gzmm; - v'Can be stained by supravital stains (brilliant cresyl blue)

i Yo st g clls ot e boly



Reticulocytes

» Are immature red blood cells (last stage)

» The cell has extruded its nucleus, but is still
capable of producing hemoglobin. WHY??

» Supravital dye: precipitation of reticulum in the .
cytoplasm (brilliant cresyl blue) '_\“’
» Normally, only about 1% of all red blood cells in ;
the bloodstream are reticulocytes

» They circulate for about 1-2 days before

developing into mature red blood cells

» An increase in reticulocytes ---- blood loss

(hemorrhage)a Because s wilth ockride. e bore marrons d prodce wor. RS, l\

o He done B hae Bhis rebicaliophes isde Ho peripc bloo is wure.

Reticulocyte Mature Erythrocyte }




