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=Abstract=

Application of Electron Microscope to Diagnostic Pathology

Je Geun. Chi, M.D.

Department of Pathology
Seoul National University College of Medicine

The electron microscope has become an established and indispensable tool in diagnostic pathology. There is
an increasing demand of ultrastructural studies for the cases that pathologists in making definite diagnosis.

In this paper the author described representative cases that were experienced at the Seoul National University
Hospital since 1985. Characteristic ultrastructural features of these diseases are presented along with electron
micrographs.

Among diseases involving parenchymal cells, several examples of abnormalities of organelles, metabolic disturbance,
hair and ciliary anomaly and red cell anomaly are described. Among infectious agents 4 viruses, 2 fungi, 2 protozoa
and 2 metazoa are described.
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Fig 1. Mitochondrial myopathy. Muscle biopsy shows increased number of enlarged mitochondria. X 20,000

AAEv B R o2 24FIAM subsarcolemmal %
intermyofibrillar 3-7tell ¥H3 mitochondria’t HEH
Y=t £330 F7He okl 2717 AR gt
paracrystalline inclusion®] WEhtE Zlo] A olth

1—1—2 Central Core and Multicore Disease”
Central core disease®} Multicore disease™ 2% <
AN mitochondriaE 47t 2R E Ao 24
K AAZL ol BEF o2 ¥hgof glojAe
wWolt}, webr AzMEe|ZAH o2 wAGA ZA
A7t g9 Alcore)#o] 24 F FIRE F2
o829l 22X vehde dids] 8Ag Aol
EE 3gdvZogT =A% WgE Ju =
axzietgao s oA A 5 ATHFig

ok

o] el “AHcore)” ol & WL Fejdta
o]7] wj&o 23 HAHEnFezT FQA &

oA #AE oA SWEE TH4Jfe]
1-‘?—74 TS ZAsbAu glozich §f

9 4 gk ol v A 2HFeE
Multicore disease”} JATH. o] A& 2 4ta}
Ba7t e E A T ddEs 3A ce-
ntral coredl| ¥l3}ed F7)7F A3 1 Fo|rt ¥tk Z
band streaming@ &7 ZAAF2 BRAFPol 9]
o o3l coreloll= mitochondria”} A9 §l=
Rol EAolck(Fig 4).

1—1—3 vl2d 28 Z(Nemaline myopathy)* ® :
o] AFL Aol L Lojoll A W= 2HEFL

3)

fu o xo
flriﬂ_-YLl-N



Fig 2. MELAS syndrome. Abnormally large mitochondria of whorled appearance are compact in subsarcolemmal portion of
a myofiber. X 25000

Fig 3. Central core disease. Round central density (arrows) is seen in most fibers in cross sections. H&E X 200



HURARIE F15% H15 19%

Fig 4. Central core disease. A column of abnormal muscle fiber having Z-band streaming and sparse mitochondria is seen.

X 4,600.
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1—-2—1 541 2 0] 4 ¥Z (Adrenoleukodystrophy)
O:10] FELE PN FFAF g5z BanF
A& Furste {AWOE Saturated unbranched
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Fig 6. Adrenoleukodystrophy. Brain biopsy shows paracrystalline inclusions in the cytoplasm of a perivascular macrophage.
X 30.000
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Fig 7. Alexander disease. A clump of glial filament is seen with irregular margin. X 80,000
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Ehbs 71 gldh ol8ld it lipofuscin® 24
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Gilbert ¥, Crigler-Najar %%, Dubin-Johnson
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Fig 8. Hair anomaly. Pili torti. The hair is flattened and rotated 180° along its long axis.

Fig 9. Trichorrhexis nodosa. Cuticular cells become disrupted allowing cortical cells to splay out to form nodes.
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Classification and cases of hair anomalies and gross characteristics
Type of anomaly Characteristics of naked No. of
eye examination patient

Solitary defect

L Monilethrix Thin, kinky, sparse, short(2-3cm) 1

1. Hair casts Yellowish-white accretions ensheating 4

1L Pili torti Kinky, sparse, twisted(180°) 1

v. Uncombable hair syndrome Unmanageable hair 1

V. Trichorrhexis nodosa Trichorrhexis-type fractures 5% (D

VL Woolly hair Thin, kinky, sparse, short(3-17cm) 37D

VIL Other anomaly Specific anomaly 3% (1)
Mixed defect

I+VI 1

MN+I1+1v Kinky, sparse, short(4-5cm) 1

n+1v+v 1

V+IV Thin, kinky, sparse, short(3-5cm) 37
Congenital alopecia Hypotrichosis, non-specific anomaly 1

Total 27

"~ siblings(familial woolly hair), * - eyebrow, ( ) :involved number
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= e $Holu A2 ok W HAI
BAste e BAE o]FAh o2F A
2E Nz AAY JE fRELS AR W
zshzd 228 71%S A Hed old ¥
A& bl AL HE A ARFF ol

Fig 10. Immotile cilia syndrome. focally defective dynein
arms (arrowheads) are shown. X 125000

FE7AEL 345E FAAA AHE 09 8FNA
17ZH 9 B 5 ARFFLS Rolyrh 4R
WHRTZZ dynein arm®] BEE RE M &

A}, Sturgess £FHol w174 & WHE ™

_’}:
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Eigs &&ﬂ%ﬂ gy aola FALY AAEn P LS
AAHQ AT 2gH A= (compound
cilia) & Az o] & ¥t (Fig 10, 11, 12, 13).
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Fig 11. Immotile cilia syndrome. Two extracentral micro
tubules (arrowheads) are seen. X 83,000
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Fig 12. Immotile cilia syndrome. A pair of the outer doublet
(arrowhead) is missing. X 83,000

s . s

Fig 13. Immotile cilia syndrome. Cross sectioned compound

cilia (arrowhead) are seen.

Classification of defects in immotile cilia syndrome by Sturgess et al and distribution of patients according to defects of cilia

Classification Number of patients
Solitary form
Type I Dynein defect
: Ia Outer arm defect 3 (18%)
Ib Inner arm defect 3 (18%)
Ic Outer and inner arm defect(complete) 0 ( 0%)
d Outer and inner arm defect (incomplete) 3 (18%)
Type 1 Radial spoke defect
Type III Microtubular transposition 1 ( 6%)
Type IV Normal ultrastructural organization with 0 ( 0%)
functional impairment 0 ( 0%)
Combined form
Type Id+1I 2 (12%)
Type Id+11+111 5 (29%)
Total 17(100%)

AdE 249 tgitie] 4F gFoz 4rE @
Zat7) ARtk A2y T34 2] BE 943
Aol PRt 7HEA o2 HAR el o] A4
FAet AR A8 ZU%X radial spoked] HEol
4ol

1-4 HAETF o9 o

1-4—1 A4 782875 (Congenital sphero-
cytosis) © ©) AEL HYFute] 22 ooz A
43 biconcave disc 4! HE T 9] tj o] T2
"ot ol 3 @S HE 7k v AS &8 o 59

Z Yeht ] W&ol A7e A Axe] &3-S YA
Hi 272 AYTe $£Ho] dE5Ho WY, I
Fo2 JelUA € oleld HEF Y ol
AR Aoz BFY o ofF 5FHFHQY X1
313 HETE B 5 UckFig 14). o3& viF
ZZ A E3) @At FAdEce FAE &
oj7ge] H& Zgo] "t

1—4—2 Neuroacanthocytosis : ©] Z&& 3o
2 BERF A, olUAF 5 AASNH ¥4 22

AT} acanthocytosis”t LEIUE & A AFol).
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Fig 14. Congenital spherocytosis. Scanning EM of the spleen
shows rounded red blood cells instead of biconcave
discoid red blood cells.

Acanthocytes® HYT9] Fejol oz HRol o
M) 7A2E %< LEPITh EchinocyteSh 314
3 F97F BRHAD 7HA 9 Qo] 9} Fo) 247
e o] S40|th(Fig 15). o]} & Yejol 4L Bat
drjgot 94V FoE =g ARe ¢
% JojE BAL Fole BAANZ A B
FHolet.

2. =20l LBt ZHEA EA|

2—1 vloly 2= Hg

2-1-1 AEHRA F YA (Cytomegalic inclu-
sion disease)™? : ¥ HF9] AL cytomegalovirus
ol ol ElE 5AA BYAe BednEe
22X BFEHAT oG dtelgA7F AR F
A= 3L 278 E AR Aol A =
£°] Eoh(Fig 16).

AAEL A ZHEE cytomegalovirus(CMV) 2
FHA ATENE gotry] fsto] 449 EAH
199) MAZAE AAHu Aoz #AF A
Bujo] CMVe Auhg BHste] MEAE ZH3kd
xRS T3ty AEFre 2 Yrts Aol vty
o2 fEHYot B2 ¥ C(MVE Z& Axde

Fig 15. Neuroacanthocytosis. Acanthocytes (arrows) are
characterized by blunt irregular projections on the
surface which is different from thin and regular
spiny projections seen in echinocytes. SEM

7 Fox dYers CMV7l A&Hoz EA

AR Qe BEdol BAHACD a8y o) B¢
core7} §10] capsidedt = Bl T2 CMV
7} i F-Folieh &8 CMVZE BAISAE o =9
AFAT 2719 FTZAAN FFs Ax 4F
o2 Wile AEXA WA REJon Y V)
de WAt GFel CMVAET 9839 A
ADE7}b A5 etz g 5= A H(Fig 17).

2—1—2 Molluscum contagiosum % @ A X2y
o) ¥UAE Y= molluscum contagiosum virus
(MCV)E poxvirus?Holl &3l oz RE HA3%E
£ vlolgiaFelA 7t E3lez LA gih
MCVZ gl g2 Jeshy Jouhyges Ay
e Ast FHAAHAE ABFezA o
K8 7bsshd, MCve] Al xule] <A o e
Ax9 vAFzE Hih= MCVHEEe 232& o
gl - Fadtch b AREL Lol A
RHES A dy o w EAZHA B
PAE BEADE AP A Aoz BASYh

MCVe] -8 27]9) 7|44 T A E ol A )23}
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Fig 16. Cytomegalic inclusion disease. Distal convoluted tubule of the kidney reveals CMV infected cells. SEM(A): cytomegalic
cells with CMV. X 1,000. Bar represents 10u. Inset: EXocytosis process of CMV. X 2500. Bar represents 400nm.
LM(b): lum section & toluidine blue staining. X 1,000

Fig 17. Schematic diagram of maturation process of cy-
tomegalovirus(CMV). Normal process(A). Mutation
process(B). LS: Longitudial section, CS: Cross
section. CM: Cytoplasmic membrane, NM: Nuc-
lear emebrane.
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23k 43 ghro] H Ak 8 MCVIE 54
9 e H3A 4EHAT AxY 713 A
dHA AFe AAHT HEA FES
& MCVIR7}h 7St nh(Fig 18, 19).
—1-3 349 uho]2) 2~ (Rabies virus) 2| : #
A9 e eta AgoA g T8 AL vl
24 (Negri body)olth. 2} g napa] o] &
A7 Ve 28 = J i AEH 9] &7t
A vlae 2AANE FA37] Asteds AE
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015 S ZIN WAl RE Yo F4AE 7ML
Q2] A7|E 110—1120umA =S HFig 20).
2—1—4 Adenovirus Z'4¥® : o] ulolg|A= A4
AN BAEA BAHH olE F 30%7F AA
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Fig 18. Molluscum contagiosum virus infection. Electron micrograph shows maturing processes (1[2[3} of MCV. 1: Electron
dense body in cytoplasmic matrix. 2: Enveloped capsid with round core. 3: Mature MCV in the cleared cytoplasm.
X38,000. Bar represents lum.

Fig 19. Molluscum contagiosum virus infection. Actual viral morphology and schematic drawings of MCV sectioned along
horizontal plane(A), sagittal plane(B) and transverse plane(C). X126,000. Bar represents 250nm.



Fig 20. Rabies. The profiles of the elongated particles are reminiscent of bullet. Most prticles show double structure with
a central core (arrow). E: Endoplasmic reticulum. R: ribosome. X 56,000 Bar is 0.3um.

Adenovirusg& ZEAZ] APl FgAn A L7
4 FEE AEANA U9 vEE 42 B2
o1t B Al B3] o2 ok 8 AdenovirusE
HEp2H Eo) ZGARF wlfsle] AAFHoz .
23 A% FE 27 Axshe AEAnte] )
upolg2Qz7} HatE ¥ REHoz AEys
2)z-gofl 28 &Y (endocytosis) = AT). vholaix
o,gx}z_o. 64302 28 BYE e Bxjola

& 243 o]EL nlg% oftleulolE 2 YR E
°IE}J~ A2 AH(Fig 21, 22). A17te) F o) wte}
upolg2: g o] DR E P guto 2 Fate o
o] FAHAL 6249 wioleires dsd 79
o2 kel A/ 298 2452 By ol 7
8 AMEze G AN AEYANA FAF= b
&o] goA L Yuho] EFAF FFFo2 AxA
HEoz FFHE BE&S HYY FFFHez 4
T duto) glojd MEaze HAZ glolxz
LB ‘ﬁ*lélol Axdz vlolyx Yzket A #
£ 2HS 2328 F YU
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2-2—1 Cryptococcosis and candidasis'” : 13 2]
4L B A AU gy AHFdEA

T Ao mEtAe AxEn A A U &
A iYd = At 53 Candida® A= HFHCry-
ptococcus®he] o] olalgm= ot A A
AEL o] FIAE wjFTFo) 4] Blasle] 23 o]
ARt 2 A3} Candida® ™ Cryptococcus neofor-
manst= A EB 9] FAYg AADZrF E5ich 2R
oz} Candida™ A ¥oln dol EZ o] 1-770
Q19| ¥]8}e] Cryptococcusts T3 o) HA] WolE A o]
—20oli & o|Uck(Fig 23). ol AT
ATz B AHE JAAAE 5] dEFPdS
Z9g o) =8o] AW
2-3 9357

2—3—1 Kala-azar @ o|¥& S2vtetol= 3]
=& 9F4 Aoz U9 visceral leishmaniasisz}
1E o fEe 264 @AY PN FALE
BN Aslel @7 Bedv|Foze gEel #
HA 4 2—-7um® FH AAE Btk welA o
Ao WEF2E Ud7Ifete AAENE d&AE T
A7 Leishmania® amestigoted S €A HIATh =
subpellicular microtubules, karyosome flagellum, 22
L kinetoplast 5 °1 &< 5] Leishmania donovani 2=
AT 5 YA,
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Fig 21. Adenovirus pneumonia. An epithelial cells shows packed viral particles in the nucleus. They are hexagonal and
crystalline. X 15,500

o : o

Fig 22. Adenovirus infection. The viral particles form mosaic tile-like pattern, and the individual particle is of hexagonal shape.
X 40,000
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Fig 23. Candida albicans infections. Spheroid cells show
buds (arrows) on the surface. SEM

Fig 24. Cryptosporidiosis. Many tiny spherical organisms of
the cryptosporidium species(arrows) are noted along
the apical surface of the luminal border of the crypt
epithelial cells. The organisms show marked baso-
philia by the standard hematoxylin and eosin staining.
H&E X1,000

2—3—2 Cryptosporidiosis : ©] &2 coccidian pa-
rasite2 4] Al Al HAMEE dod)e Flolth Y
AEE Cryptosporidium paroum -2 FHZINE
At FAolg doya §3) doszoz
Al BAE o] Fhez ARE & Uk o]Zle
a2 azi7k 94 A (2—-5um) el o7 o

o
2

Md o

Fig 25. Transmission electron microscopy reveals a tro-
phozoite found within the parasitophorous vacuole
surrounded by host cell membrane(arrowhead).
It has two electron-dense membranes(arrows), a
nucleus(qN) and a prominent nucleolus(Nu) (X490,

000).

Fig 26. Capillariasis. Capillaria hepahca eggs in the liver
show concave polar plugs and numerous pits of
various size in the external surface. SEM

2ol gae AAGR|FAA gE3A Bek ¢
AUz H2 of Aol RadEd o 3
$E AR el Aol oY 4T HHck
34y HAGEH o2 AL T4 tro

phozoites$] °ﬂE meront$} oocystE 22 YU
2—4 2709
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Fig 27. Capillariasis. Transverse fractured surfaces of the
Capillaria hepatica eggs show double shells and the
unembryonated egg contents within them. The Outer
shell is composed of radially arranged pillars and
a beam-like network, and the inner shell consists
of concentrically arranged lamellae. SEM.

Fig 28. Metagonimiasis. The Surface of a worm is covered
with fairly regular scales showing well deveoped
spines that are teethed with 7 to 9. SEM

2—4—1 Capillariasis : &% 24 2] A& n| F3 7
ZE 7145 &3zl oy 2R A g &
HA g8 FAG o) Yo A% Aue oF
AREn o) & £ 9o gle ASE Uk &
A Fdel uH TR EFFolojM 1 RAJ}

ol 8 & 3tk AAEL hepatic capillariasis®]
HZ3AA vl C. hepatica®) F3NA &
polar plug®t FATxe] e Je F43
g £ Jddeu? oje FeEnFH Hy
olsidl=H Zgo] Huth

2—4—2 Metagonimiasis | Metagonimus®] 739+
FA o] FAHZL Tofo] AN o2 F eI
F¥e 72 EFHoz JH, 53] EA9
EHA multi-teethed spines 50| o] Ego]
HAth AAES FHd Aee $93) =AY
A FATZIF Uky] gl olHd AR H
Are 718%EE Ao 24E FAY2,
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