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Foreword

The*“ Atlas of Medical Histology” provides medical school students with a histology atlas
containing high quality micrographs that are clearly labeled and explained with concise ,easy-
to-understand figure legends. These micrographs address and clarify the basic concepts and
topics involved in both tissue and organ systems histology. The “Atlas of Medical Histology”
allow students to master basic histological concepts along with the latest up-to-date informa-
tion concerning various histological topics.

The “Atlas of Medical Histology™ is bilingual , well-designed ,and the micrographs care-
fully selected. The “Atlas of Medical Histology” combines the latest,up-to-date basic sci-
ence information with clinical relevance when appropriate. The micrographs include light
microscopic images stained with hematoxylin and eosin ( H&E) , other special tinctorial
stains,and immunocytochemical techniques (e. g. ,immunofluorescence ). In addition, the
micrographs also include transmission and scanning electron microscopic images some of
which are computer-colored. A brief introduction at the beginning of each chapter covers
the essential important points for each histological topic.

We would appreciate any comments or suggestions concerning the “Atlas of Medical

Histology™. You may contact us at dudekr@ ecu. edu or luonl 1@ nankai. edu. cn.

Dr. Ron W. Dudek , PhD
Department of Anatomy and Cell Biology
Brody School of Medicine
Dr. Na Luo,PhD
Department of Anatomy and Histology
School of Medicine , Nankai University
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Nucleus

Chromatin is double-helical DNA associated with histones and nonhistone proteins. Euchromatin is dispersed
chromatin and comprises ~90% of the total chromatin. Of this 90% , ~10% is transcriptionally active and ~80%
is transcriptionally inactive. When chromatin is transcriptionally active,there is weak binding and acetylation of his-
tone proteins. Heterochromatin is condensed chromatin and is transcriptionally inactive. An example of heterochro-
matin is the Barr body which is found in female cells and represents the inactive X chromosome. Heterochromatin
comprises ~10% of the total chromatin. Constitutive heterochromatin is always condensed (i. e. ,transcriptionally
inactive) and consists of repetitive DNA found near the centromere and other regions. Facultative heterochromatin
can be either condensed (i. e. ,transcriptionally inactive) or dispersed (i. e. ,transcriptionally active). An example
of facultative heterochromatin is the XY Body which forms when both the X and Y chromosome are inactivated for
~ 15 days during male meiosis.

The nuclear envelope is a two membrane structure that separates the nuclear compartment from the cytoplasmic
compartment. The inner membrane is associated with a network of intermediate filaments (lamins A,B,C) called
the nuclear lamina,which plays a role in the dis-assembly of the nuclear envelope during prometaphase of mitosis
and re-assembly of the nuclear envelope during telophase. The outer membrane is studded with ribosomes and is
continuous with the rough endoplasmic reticulum. The inner and outer membranes are separated by a perinuclear
cisterna. The nuclear envelope contains many nuclear pores that allow passage of molecules bf:tween the nucleus and
cytoplasm (e. g. ,ions, mRNA ,tRNA,rRNA, gene regulatory proteins, DNA polymerases, RNA polymerases). The
pores are associated with a nuclear pore complex which consists of many different proteins arranged in octagonal
symmetry with a central channel.

The nucleolus consists of portions of five pairs of chromosomes (i.e. ,13,14,15,21 ;and 22) called the nucle-

olar-organizing DNA. The nucleolar-organizing DNA (also called the fibrillar center) contains ~ 200 copies of ri-
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bosomal RNA (rRNA) genes per haploid genome which code for rRNA. The pars fibrosa consists of primary tran-
scripts of rRNA (e. g. ,45S rRNA). The pars granulosa consists of maturing ribosomes ( rRNA +ribosomal pro-

teins) .

LN

AN H 408 F1 60S FAZMACIE 50 2 ARG , R AIAZREA RNA R F1 RS 590 408 A 1A I He
fi 5 mRNA Fl tRNA £5& , PUIE IR B T AUG, 60S BRBHAIE B0 HAT IKIEFE AL B TG 1 , 55 408 A%k
RS ZE G o BBEIACH mRNA B BRI RR 7 51 (L it 2 F B0 5 ) SR BEAS MIHESR . ROpi (AT HR K
W% 7E mRNA BB RE REREER, 2 54 BER (0 E3hER I ER) a8 A& RN EA
JRAE LRI 5 A HUKAE 5 P8 R A nT g 3 B IR Z5 4 LATE AL i 79 3 e

Ribosomes

The ribosomes are large rRNA-protein complexes that consist of a 40S subunit and a 60S subunit. The 40S sub-
unit binds to mRNA and tRNA and finds the start codon AUG. The 60S subunit binds to the 40S subunit and has
peptidyl transferase activity. Ribosomes provide the structural framework for the translation of mRNA into an amino
acid sequence (i.e. ,protein synthesis) to occur. Ribosomes may cluster along a strand of mRNA to form a polyri-
bosome (or polysome) that is involved in the synthesis of cytoplasmic proteins (e. g. ,actin, hemoglobulin). Ribo-
somes may also be directed to a membrane network to form rough endoplasmic reticulum (rER) if the nascent pro-

tein contains a hydrophobic signal sequence at its amino terminal end.

i A

RELTET A J55 19 Ay — FEAt: PO RR 445 4% , T80 1) 240 ML 4 — TR e A A R B R ARZOMIE AR o it 60S SIF. L3755 1A 5t
WOE R AR SE S 1 A0 L ARSE & , OB IACRR 25 L T pAy S5 P ) JE o LT Ay i ) 20 IR 1 (- JR
BER) RS E S (I 520 Ay ARG & BB KL P B do i 8 A O IR B i g . &
U R SR B AL 4 < ) N-JE O S AL (R A WP SR 1 ML A B R, 0k TR AR BE R 514 5b) IR
JEG B R il R A BRI AL s o) 15 S PSR VIBR s d) B & B B B I B A = ZE 45 s e) AL
PRGNS REGY .

Rough Endoplasmic Reticulum (rER)

The rough endoplasmic reticulum (rER) is a membrane network that has ribosomes attached to the cytoplasmic
surface of the rER in a long linear array. This attachment occurs by the binding of ribophorin [ and Il located on
the membrane to the 60S subunit of the ribosome. The rER is the site of synthesis of secretory proteins (e. g. ,insu-
lin) ,cell membrane proteins (e. g. ,receptors) ,and lysosomal enzymes. The rER is also the site of co-translational
modification of proteins which includes:a) N-linked glycosylation (addition of sugars to asparagine begins in the
rER and is completed in the Golgi complex ), b) hydroxylation of proline and lysine during collagen synthesis,
c¢)cleavage of the signal sequence,d)folding of the nascent protein into three-dimensional configuration,and e) asso-

ciation of protein subunits into multimeric complex.

RIS A

TR R B2 AR g — AR JR A AR 25 44 , 43 DAy o i (TR ) A M1 TG (BT ) o o™ il (BT T ) 42 ik A KL
TELT PR R A 0 £ R B T TV (S TRT ) BRI R S I A A ) B 1 RO AR /NI . RRIE R S AR
HEAREFE N TEMS . BRGNS a) 5¢ MO RL I A B RO 46 (19 N-i% 325
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Golgi Complex

The Golgi complex is a membrane network with a convex cis-face that receives vesicles containing newly syn-
thesized proteins from the rER and a concave trans-face that releases condensing vacuoles of posttranslationally
modified proteins. The Golgi complex is the site of post-translational modification of proteins which includes:a) com-
pletion of N-linked glycosylation that began in the rER,b) O-linked glycosylation, ¢ ) sulfation, d ) phosphorylation ,
e) methylation , ) acetylation , g ) carboxylation , h ) addition of glycolipids, i) myristoylation , j ) palmitoylation , k ) farne-
sylation, 1) geranylgeranylation. The Golgi complex is also involved in protein sorting and packaging. Secretory pro-
teins (e. g. , insulin, chymotrypsinogen ) are packaged into clathrin-coated vesicles which coalesce into secretion
granules for secretion into the blood (endocrine) or into a duct ( exocrine). Cell membrane proteins (e. g. ,recep-
tors) are packaged into nonclathrin-coated vesicles. Lysosomal enzymes are packaged into clathrin-coated vesicles
after phosphorylation of mannose to form mannose-6-phosphate. The Golgi complex is also involved in cell mem-

brane recycling.

it i A

T A J5RE 0 g — AP R R 235 4y , 9 g 40 M B ) — T JC AR ) 2 A SN M2 5 LUT i R
a) 240 BB | IEL 5T P A 2 I 1 3 Bl s b ) XS [T R 1) 5 Al s ) e 0 D 5 3R P 1T 42 D ) 40 M
PRIE R RS M LA T 25 W) IO 55 5 ) B DA R 5 €) MR T MR R SEE A 5 ) B ARV 5 ) IR B 1 A9 415 h) i b B 4l
HH I =R A ER S, 1) LR R S OB B Al

Smooth Endoplasmic Reticulum (sER)

The smooth endoplasmic reticulum is a membrane network that contains no ribosomes attached to its cytoplas-
mic surface. The skER is involved in the following:a) synthesis of membrane phospholipids, cholesterol , and ceram-
ide , b ) synthesis of steroid hormones, ¢) drug detoxification using cytochrome P,5, monooxygenase and glucuronyl
transferase ,d ) glycogen degradation, e ) fatty acid elongation, f) lipolysis, g) lipoprotein assembly, h) resynthesis of

triglycerides in enterocytes,and i) calcium fluxes associated with muscle contraction.
5% IRLS

R S JEER] B L BN IE BRA  . RPAARRISNE S ALE A (—MLEEN) (BEIEE A, .
TR A A U AP S A . BRI B A B T ULER PRGN AR A R AR . K2 B (s A
JE AT AR ), BT S AR 2R s, 5 A AR R P AR LATP S R 2 M R s A
DI E R ¢ (SET-HE) . EBEEA a) —RRIGIFEEA;b) ISR B-FALHFA ; o) Z LR A
REESE ;d) N EE G e) AP BRSNS 2R AT B% B (JREW@HW—F0); Ok

Bk A 18- R SLAL G 11 B LS (2 526 BEM A L) s¢) DNA (mRNA (tRNA rRNA;h) %45 Ca™ Fl
Mg™ i) JBORL o

4 F£1EF MERYLEH / Chapter 1 Cellular Structures



Mitochondria

Mitochondria consist of an outer membrane , intermembrane space, inner membrane , and matrix compartment.
The outer membrane contains porin (a transport protein) , phospholipase A, ,acetyl CoA synthase,and monoamine
oxidase. The intermembrane space (not shown at this magnification) contains hydrogen ions (H" ions) , creatine ki-
nase ,and adenylate kinase. The inner membrane folds into shelf-like cristae in most cells (e. g. , protein-secreting
cells) and contains the electron transport chain of enzymes, ATP synthase, various transporter or translocator pro-
teins , cardiolipin , and cytochrome c¢ (involved in apoptosis). The matrix compartment contains:a) tricarboxylic acid
(TCA) enzymes,b) fatty acid B-oxidation enzymes, ¢ ) amino acid oxidation enzymes, d) pyruvate dehydrogenase
complex , e ) carbamoylphosphate synthetase and ornithine transcarbamoylase ( part of the urea cycle) ,f) desmolase,
18-methyloxidase , 11 3-hydroxylase (involved in steroid synthesis) ,g) DNA, mRNA tRNA,rRNA and h) granules
Ca” and Mg™*.

VRN 7L THES

T ARG Sy — REPEZE R, G PN 5 0 e A0 B R U S RO S e A A S AR R S A A
PR /N R 2T SR, 505 55 — AT/ INELER A TE 10 E AL B IR R R Rl o A AORE S AL )
AR B4 P9 25 ) DA L S e A i A T R o 3o AP 0 T 1 P 25 0 B0 - ) SRR TR SR A g AT R IR S A
B, A B, 77 A B AL R (R-H, +0,— R+H,0,) 5b) HEAL B A bl WAL B, o ik ad SEAL S, 722
KRR (H,0,— H0+0,) s¢) JRITER B AALHE , EALKEEASHIER (>20 M) , 7 AR A BE N TR 5 d) TR
B RARSC AT s e ) PRIRSAALHE , 7RIS

Peroxisomes

Peroxisomes are membrane-bound organelles whose contents are synthesized on free ribosomes within the cyto-
plasm. Peroxisome precursor vesicles that contain import receptors bud from the endoplasmic reticulum and fuse ei-
ther with each other or existing peroxisomes. The import receptors import the peroxisomal contents from the cyto-
plasm into the peroxisome. The contents of peroxisomes include:a)amino acid oxidase and hydroxyacid oxidase that
use molecular O, to oxidize organic substances, producing hydrogen peroxide ( R-H,+0,— R+H,0,) ,b) catalase
and other peroxidases that decompose hydrogen peroxide to water and oxygen( H,0,— H,0+0,) ,c) fatty acid B-
oxidation enzymes that oxidize long-chain fatty acids (>20 carbons) to short-chain fatty acids,d) enzymes for bile

acid synthesis,and e ) urate oxidase that breaks down purines.
T A

VS RHA R — S RV K AR B, 16 pH S MR T RAEAE R IRIE S o P MRIA b 5 RIS AL RO R A K A
I /NI A e R B B 2P AR X SR R/ N B e S ARG . IR AT & HT-ATP
il , AT 7= pH 5 (TAEE , TE N A P A ( SR SR BEA) o PR 0 o AR B0 5 7 /N R 15, T A ik
VA BHA (BORBIEEA) , AR A WP BT 505 A R, T2 AR A WP I ( BRSO A ) |, DA
fRRZfES . oA R TR AR IR SR R T IR 2

Lysosomes

Lysosomes are membrane-bound organelles that contain acid hydrolase enzymes that function at pH 5. Lyso-
somes form when Golgi hydrolase vesicles that contain inactive acid hydrolase enzymes bud from the Golgi. These

vesicles fuse with an endosome ,which contains an H*-ATPase in its membrane that produces a pH 5 environment
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forming an endolysosome (or primary lysosome ). An endolysosome may fuse with a phagocytic vacuole forming a
phagolysosome (or secondary lysosome) which degrades material phagocytosed by the cell. Or, an endolysosome
may fuse with an autophagic vacuole forming an autophagolysosome (or secondary lysosome) which degrades cell

organelles. Residual bodies contain undigestible material and may accumulate within a cell as lipofuscin pigment.
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Cytoskeleton

The cytoskeleton of a cell comprises three major structures : actin filaments , microtubules , and intermediate fila-
ments.

Filamentous actin ( F-actin)is a 6nm diameter microfilament arranged in a helix of polymerized globular mono-
mers of actin ( G-actin). F-actin is in dynamic equilibrium with a cytoplasmic pool of G-actin such that a polymeri-
zation end (plus end)and a depolymerization end ( minus end ) exist on each actin filament. The functions of F-actin
include : a) exocytosis, b)) endocytosis , ¢ ) cytokinesis, d ) locomotion of cells forming lamellipodia,and e) movement of
cell membrane proteins.

Microtubules are 25nm diameter tubules that consist of 13 circularly arranged proteins called a-and B-tubulin.
Microtubules are in dynamic equilibrium with a cytoplasmic pool of a-and B-tubulin such that a polymerization end
[ plus end ] and a depolymerization end [ minus end ] are present on each microtubule. Microtubules are always as-
sociated with microtubule-associated proteins ( MAPs). MAPs include: a) Kinesin which has ATPase activity for
movement of vesicles along microtubules toward the plus end (anterograde transport) ,b) Dynein which has ATPase
activity for movement of vesicles along microtubules toward the minus end ( retrograde transport) ,and c¢) Dynamin
which has ATPase activity for elongation of nerve axons. The functions of microtubule include : a) maintenance of cell
shape (polarity) ,b) movement of chromosomes (karyokinesis) ,c) movement of secretory granules and neurosecre-
tory vesicles,d) beating of cilia and flagella,and e) phagocytosis/lysosomal function.

Intermediate filaments are 10-12nm diameter filaments. Intermediate filaments function as a cytoplasmic link
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between the extracellular matrix, cytoplasm, and nucleus. Intermediate filaments demonstrate specificity for certain
cell types/tumors,and therefore can be used as markers for pathologic analysis. For example, cytokeratin shows spe-
cificity for epithelium and epithelial tumors; vimentin for fibroblasts, chondroblasts and vascular smooth muscle;
desmin for skeletal muscles and non-vascular smooth muscle ; neurofilaments for neurons and neuronal tumors; glial
fibrillar acidic protein (GFAP) for astrocytes and gliomatous tumors; and lamins for the inner membrane of nuclear

envelope.
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