gjeha 2] 58] =] 1998; 32: 393~403

H A=}

¢ b
=y
ox,
)
=
2
1o
ok
=
o
ta
>,
[»
Aus
[»
N
o
<

Expression of Antigenic Surface Molecules of Pneumocystis Carinii
by Immunoelectron Microscopic Examination

Kun Young Kwon, Seung Che Cho, Sang Pyo Kim
Kwan Kyu Park, and Eun Sook Chang

Department of Pathology, Keimyung University School of Medicine and Institute
for Medical Science, Taegu 700-712, Korea

This study was carried out to investigate the morphologic characteristics and localization of antigenic molecules of
Preumocystis carinii in experimentally induced P. carinii pneumonia in rats. After six weeks of administration of low
protein diet and dexamethasone, Sprague-Dawley rats were sacrificed to submit lungs or bronchoalveolar lavage for
the study. Monoclonal (092, 900, 902, and 904) and polyclonal (SP-D) antibodies were used for immunohistochemistry
and immunoelectron microscopy (ITEM and ISEM). Immunohistochemically P. carinii organisms were well identified
as clusters or separated forms in the alveolar spaces being frequently attached to the alveolar walls. Immunoclectron
microscopically the adherences of gold particles were observed on the surface of all stages of the P. carinii. Occasionally
positive immunogold labeling was observed in the cytoplasm of the trophozoites and on the pellicle of the intracystic
bodies within the cysts. The monoclonal antibodies 092, 900, 902, and 904 reacted mainly with pellicles of P. carinii,
whereas SP-D labeled on the pellicles, intracystic bodies, cytoplasms of the alveolar macrophages, and free floated
surfactant material in the alveolar spaces. The immunogold particles were observed more diffusely and intensely in
the cysts than in the trophozoites. These results indicate that antigen is mainly localized on the pellicles, and accumulated
during development from the trophozoite to the cyst stages. (Korean J Pathol 1998; 32: 393 ~403)
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AE £ Holn HAZE ez LA 4 Ao xo]
UIL 7ol P. cariniiz} Holg] TL Az Eo] B2 x)
™ Gomori methenamine silver (GMS) 93 o]} m o = 2)
S o Alg AN A B Folebrl P cariniis
WAL & do

P. cariniiz E8] HZE ZIAZE S 18 =T 434
Foll YAt} Az ] 43 AAL of7] A7 O
P. cariniiz} S|EAS Ao HAEE Al P
carinii. EHol| FEAst= Fbul mannose L4, fi-
bronectin, vitronectin 3 P. carinii A EA o] Ea)sl=
AEZF Ao =93} o3te 3= Aoz ok ] 9‘}\!;]_‘9~14
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wol Wol, P carinii #% 3A}o|A] JL wH=zz &
7ol AHFENA oA P. carinii H#Ee] £AT}
718l QABER P carinii Aol BE ZF AT E
24 YO E P carinit®] AYH ZUE BEo] A
o o2

S e A L s |
P. carinii HH& =
T8 B

4 ARG A2E sho] NHNA
¥ sgzAe Qoo g
2 Bl o]ol A P cariniio)
2 A2 obt 2 9%
S Sobi] A9 EE o SHEE PAE Aol
RN

1. M8 S8
A% 200~250 g5+ Sprague-DawleyZ 317 105u}g]
S Adste] dizT 9 AYTe] Agg Agegid
D) OER: A4S AlFsta offal XS +1A4 &
= T (vkEl)
2) AEE: GAuERE 2 mygliter) S Foll Edslod

Folsha Ay (N ol 687 A

T (100m}2]). o]F F 7|BAHNE A=A (bronchoal-
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P. carinii ot FASE YA EA g
THEE A ZA 092 (MAB 092, Biodesign INC, USA),
900, 902 3 904 (MAB 900, MAB 902, MAB 904: Che-
micon INC, USA)E A &3lgla oZE 2= Sur
factant-D (SP-D, Thoracic Research Laboratory, Mayo Foun-
dation, USA)S A}-&-3}9ic}.

3. My

1) P. carinii M@l MEX DY Sprague-DawleyZ
97 1000k2lol o) Aokt ATkl Al g}
of 6877 A&sislet. o5 Z BHA WAl 7
a3 FUHoT ofslm W ajo] Felsirbu b
© QAR Bl AT AU A eho]
Diff-Quik 2 GMS 42 3h7uh, A% sz
H&E 3% GMS dA& sto] P. cariniiz} v FHolgs
4% 49T AR Aesich A9 55 AT 2
e WA Sste] wlEg Aol (500 mgliter)S
Solail, WF 74e WASA S vlzee
(200,000 Ufliter)& ®-8 FoIstdeh. P. carinii #]29)
éoJX—I 2dS = T4 ol] A] 6512 = EZo 2t
sto] A4 ZHEOH/H ALstg ). 15ute]= Sabste] A
A 22 AAolA wlSeldel gdg wel % P
carinii®] #eolo] o]gl$] Ale|s}olar L 2] 20m)g o) A
AVAHE A 5L 2du7 AAGA P. carini
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HHRBOIZY Ba: Faaen g goz A
Az 1 mm' 2712 AAste] AT 27
gy o @ A £ 2.5% glutaraldehyde £
(0.1 M phosphate buffer, pH 7.4)2. & 1~4°Col|A] 227+
A4 31501 M QA FENoz AR F 1%
0sO4 EHol|A 247t TS AA|s}a 7+L 9k=g
Aoz AHG F AQLE B2 5130e). Propyl
ene oxide 2 X|3}3} & Lufts} ¥} ™ol 9]¢} epon EoHE &
FEufsto] 37°Cel 12417}, 45°Ce] 124] ZF, 60°Col] 48] 7F
S}t A ste] A T AIZh Eolld 248 1 um F
7|2 A slo] toluidine blue 3 s}3 P33t u| A+t
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50008] ZrFA 7)ol A 40~60 nme] 3wy o] 714 M-S Zr A vl DAB (3,3’-diaminobenzidine tetrahydrochloride)
Uehfs 2ubgs S odo] 4] gridel] ¥-2bslo] Watson™ O Z 1087 ALoll4 2 A7]l & Mayer’s hematoxylin
3 Reynolds™ ¥ o] ]} uranyl acetate9} lead citrate 2 o2 EzFMNE AAL & permountE E-QJslo] I3t
oA A Mg AA|ste] Hitachi H-600% F23#-3 v o2 PEsgich
HAos Agslict. 7) FEONHO o8t HAFNNAISO|AN 2Hah

4) ZEAEKISO0|AESE BEE P carinii HEHE A o (1) Lowicryl Z0§ H|Z}; PLP §Ho 2 w43 Az
1355 Adsle] k2 TAHAZ F FAF4E v 2 = 7| WA Z Al HBE cytospinste] & A5 E
g &3 3 s}t A ol cannula (18 G polyethylene tube) 0.1 M QlAted &g Nog FA3 & AlY 9382
= do] AYAAFE FstuA FRAZHE A g8l 3 Lowicryl (Lowicryl K4M, Chemical Werke Lowi
sl FAdP e AN AAZ T Z4] 05% glu- GMBH & CO., Germany)& ZZ]o]] 2% gl ¥ o & 24|
araldehyde2} 0.5% paraformaldehydeS £33l 23 oo st 2Fo] A oA SY FEA A g Ay =
2 a5sto] TAAY X AAS A slo] 1x1x4 mm ol 70%7E 5, ol 9 FHHA o] 27714

S 3712 AAS F 22 2Nl Yol 147 o T BT —20CY YF stollA AAsh Fgo] £
JAg T 1% 0s0s $H o2 247 59t 3345 3} ¢t A& blocke webslAl FolA 9lonf xubAoe] &
01 M QIAted SkE8Mo 7 FARE oS 25% dime- OFEE ASE TS ksl A ey 18l WAL &)
fhyl sulfoxide (DMSO)ol| 3087}, 50% DMSOs¢|| 3057+ olA eF 1FA Tl AF7) A3 LowierylEn| %
B o2 AAALE TAY & 22 & Yk (cracking) A Mgo] FRH3A HEg deksiA e ¥, 1 um
sigick. 4=l 22 & 50% DMSOo| 5o 4| ¥ 2% AR S AABES toluidine blue M-S gk F 33ty
tannic acidol] X FA|Z) o+F 1% 0sO, R T AT R o g ZA73sle] WY HAE AR b Sorvall
AS 3 T Aok E P4E, isoamyl acetateZ MT 50003] Z%u-"7]2 70~100 nme] $A|2 ZubAs
T2 A7 F AR A=E AAEA o] 52 (1B-3 < o] fefoltd B ohF mF 4 3 (im-
lon-coater, Eiko Co., Japan)E A}-£3}o] Pt-PdE =3} munogold labeling)-& A A]s}9 ).
% Hitachi S-5208) Z=AARSAN|A 02 Fasoie) ) HMAZ EA| YA 0.1% trypsind} 0.1% CaCl, LN

5) 7|MXAHE MHHAALLl Al2 MIZ: Cytospind|od °oF 3087 A AXE 3 F 1% £ dYPAFulog
oS A FE paraformaldehyde-lysine-periodate (PLP) £ AEgk & AapskA| & 092, 900, 902, 904 =) SP-DE A
dog A3 X (0.1 M QlAted =8 Mo g FAIBLa L3l tris =8N (tris buffer saline-tween 20)ol| 4] 1
1% 0s0, 8902 1A7 5 FuHE st 22 15008 3| Aste] 4 ZF FF oA WA &
GF A0 2 FAE F 2% tannicAtel] 127 FFA] 22 g Ho 2 FAsgIe. Colloidal golds 7Z§HA)
71 T+ 1% 0sO, &M 0 2 A7 Zol A Mg 24 71 o]=}gkA)4l antimouse IgG (Auro Probe EM GAM IgG
& = Ald olghg g &4-E, isoamyl acetateE HEFE 15, Amersham INC., USA)S A}&3lo] 1:200 2 3|4
AA AAA 7A=7] (Critical Point Dryer HCP-II, Hitachi sto] 1A 7F Fob AF2of|A] uh2A]7] E tris 9h=g oo
Co, Japan) 2 o] A3}t AE Agste] YAAH =g 4 2 FAll oA oftE E2A R FAleadc
Astgdel. AzE AEE AE do 227 & o)L Uranyl acetate®} lead citrate . o] F& 2}od ML 3 & &
Z4-7] (lon coater, IB-III, Eiko Co., Japan)E Pt-PdE = glolE2HE] AJFE wojo] gridell %7 X Hitachi
A3} ¥ Hitachi $-5208] FAKAMEAR] 7 0 2 A43}gict. H-600% FaHAzdn| oz sk

6) HAXR SIS zHEh A =2 oA 5 um 8) MHAFAIEXISO[AN zZHah: 7| FAIHE A2 NS
AZ ekl AHS <o) fElETte| 2o EAA|F] cytospinslo] ol Lelo]=E PLP SHo @ mAd} &
I xylened} A|GYZELE & gt 9 & 59 0.IM QI4td SkF8olog FA8t ¥ 1% A4 A4 4
YlolA peroxidased] Xpbk-& $lsho] 30% ARSI 4 | #] (normal goat serum)S- A A 3lo] 147+ ToF Al.Lo) 4]
mlo| wghE 99 mlE E3tste] vkE RHollA] 30E7 B3 F e AFgAo g FAsch. dxpgkAel
Aelsta 0.1 M Q1Ate] gk gollo g Alsldct =7 092, 900, 902, 904 3l SP-DE A}-&3}of 37°CollA] 1A]7F
gdo] A =29 F JEF 2AAAS et S RHAIT AL A5 8do g FHI AL 9
9] 04% pepsin©. & 37°CollA] 1A]7F Z¢F HFXA]7] &= a1 o] x}gkAQl protein A gold (Protein A, 20 nm, Sigma
ojAled glolo 7 Al gitE. Yx}ekA]el 092, 900, Co., USA)E 1:202.2 3]As}o] 37°Col|A] 1417} ZoF
902, 904 3 SP-DE Al-§3}of 1: 10022 3]&3lo] 24] Al 2ol BREAIZ] ohe, 213 A5g ez palslg]
750k 37°Coll 4] HFEAIZ] 3 012ty ghgEgooZ t}. 2.5% glutaraldehyde -0 2 3027 1%3l o}
A8l o] %} 3149l biotinylated anti-mouse IgG (Vectas- o ol golyl ZRLE LA 3 wdF s
fain Blite Kit, USA)E 7\810] 31°Co\ A 208-7; ¥R Bk Sola Al TAE7| 8 silver enhancement (In-
£ QA FFMo T FASA, Avidin-biotin E& tenSE™ M Silver Enhancement Kit, RPN491, Amersham

ol (ABC Elite Kit, Vector, USA)©. & 37°Col|A] 30%.7} INC.,, USA)E A}&3to] 1084 23] Helsls, 254w
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A= sl 2.5% glutaraldehyde £ o 2 t}x] 13
Sz 2o ar8Nez FAY 03 AdIRes @
£ 3} isoamyl acetate 24 HFE A|A UYAH Ax
7] (Critical Point Dryer HCP-II, Hitachi Co., Japan)& o]
A2 E Afste] JAIA A=E ek A=zH A

£ AR vl 2HE £ 172 227] (High Vacuum
Evaporator HUS-5GB, Hitachi Co., Japan)ol] gt4&2-& A}
f35t0] 30~40 tm FAZ o] FZFE 3t ¥ Hitachi
§-5208 FARAAu|F o2 Pl

Liberation
of intracystic body e
Cyst with ICB

Fig. 1. Life Cycle of Pneumocystis carinii.

Fig. 2. A: Light micrograph showing intra-alveolar eosinophilic foamy exudate of Pneumocystis carinii pneumonia in rats.
B: Pneumocystis carinii cysts with round, collapsed or crescentic forms and occasionally eccentric capsular dots. (GMS) C:
Immunohistochemical staining (Pri Ab=092) of Pneumocystis carinii. The organisms are well identified as clusters in the
alveolar lumina and frequently attached to the alveolar walls.
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P. cariniiol] 2]3 #H|zZ ol sHHL e W g B
ol A tfREEe] HE Jolle 24 344 A=
£ xpo] 9lom (Fig. 2A) 7|HAHE AlE 7 AA
X Zoll= P. carinii FR|}F A R4, &5 g2k
EAIAE g A e 23Ee] HolE ez 3
Hach HE FHAE HEF 9 PAANEE ¢
gl FEo] HAgxo] glom, olF AFAEEY 4
A= vheksiA F2E 9. GMS Aol A P cari
TAZE A8 F2AY, A = i 299 34
2% AW, 1 Exldl FEo| A o
(capsular dot)2 Hol Flc} (Fig. 2B). P. carinii 3|#
APAQ &g Hole vl Yol JZAEEY
7t @A ook, AEHS HGRAE, gl 9 2
=79 1 2719 294 A%ez 4 wF de
ey

HEE gAYl 092, 900, 902, Bl 9045 Algsto] My
ZA3t Qg ANHNS v HEEGAL E
IAA AFZ NS Holg RHA P ocarinii®] ¢ 9
ddel HASHA dA Hole]l FulE HAE FollA &
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gom T3 HFEW| Lxsts Aol FEE
(Fig. 2C). P. carinii®] ¥H-= AE3F, THFA71BA
1 47184 WA= BEE Qe 2% P cariniiz}

P o Moz nEE H|E 7 WllA
W49 31, HEE GALAT d=zsle uf ol
qA £3] A Hge] FutE] S & F 3
th H&EON A P. carinii®) EA)7} ofulgt HHolA =
zA3 A AL Eoho] HAEHE wpehA] Lol

FAZ AME 5 e
 ENFXH0IEE A7

S|
carinii®] FF 9 oJokd (trophozoite)Eo] =H|E Ul
2ol "olg] & wEAY MEAH o AAH
1AE gt H|ZAT AL BAE = P cariniiz
depdoln], 2 19 AZFI|AEeY B2,
SAd| A ApAs] PRl ook el FEtE HE

Fig. 3. Transmission electron micrograph illustrating the rela-
for Abbreviations; AL: Alveolar lumen, C: Cyst, CC: tionship of Pneumocystis carinii with alveolar epithelial cells.
Crescentic cyst, EC: Empty cyst, ICB: Intracystic body, IIP: Several trophozoites are closely attached to the type I epi-
ype II pneumocyte, M: Mitochondria, N: Nucleus, RBC: thelial cell (arrows). Uranyl acetate and lead citrate, Bar=1 pm,
Red blood cell, T: Trophozoite, TE: Tubular extensions % 10,200.

Fig. 4. A: Trophozoites showing irregular shape and cytoplasmic amorphous material, ill defined nucleus (arrows)
and few organelles. B: Cysts showing oval and empty forms are present. The cyst contains one intracystic body,
four mitochondria and amorphous material. Uranyl acetate and lead citrate. Bar(A&B)=1 um, A: Xx25,000, B:

X 17,000.




398 it A) A 328 Al6F 1998

g AT WAl AL el ol HEH glen
ge® gyl nle HATAAMEY FEH JEY
o AT AES QYL TRl 1 Bopo] Wx
st} (Fig. 3). P. cariniie 58 13 | EA43| A 29}
BaEo] R w2 HE T4 EE AEXEAE
B US AEAE £AE ¥ 5 AR F9YS T
o w29 AAUE £ 9423 WA 74
Ho] glon Fto| FHele F5e 34 (bular
extension) Zi AP AZA ulelle 7P A
A BAR Reiglm AT &£7|He FEeHA BEEA
Shsket (g 44). AEL 3 Erdel ol FEES
AAUEES 44 Z0%o] 933 WA Aolo] £
ko] A3 e FEE HoAFUY (Fig 4B). A

™ o

)

e ML AR AERZ FAH 9o
o, $FAe R AT, ARLES) ok 5L
I35, sote] BEG ATE U 1F FAY Wz
ASS T3t &40 AT 27132 Hylod, &
ar\BEe AMAoR B ASHA Faich £dE

22 5371 BYe Holwl, 2E 2 WY
7} wlo] AL g Slol AT, Trkel AEA ol

Fig. 6. A: Ultrastructural localization of antigenic molecules of Pneumocystis carinii trophozoite using monoclonal antibody
(902). Electron dense immunogold particles are adhered mostly to the surface pellicle (long arrows) and tubular extensions
(short arrows). B: In the cysts, electron dense immunogold particles are observed mostly on the surface pellicle (long arrows)
and some particles are labeled on the cytoplasmic organelles (short arrows). ITEM, Bar(A&B)=0.5 um, A: X 34,000, B: X

32,000.

Fig. 5. Two cysts showing round shape and relatively smooth
surface with few tubular extensions (arrows) and one tropho-
zoite with surface tubular extensions (arrow heads). Bar=2 ym,
X 8,200.
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= 27H 471, 67 =& 89 Ty
2 ¢ Fo THE B 7t s Ak AZ AT AEA Helle T
°a‘

ies)S 2 ugich AZx G 9 £ T
Relzto] ZAYOU 1 FE Jokol v Al 3 ol RelzAlt ZARYE AL oARE BE
e Holgitt. sgd T2 F3 W Hdlz ¥ 7h BEEID H N o] FAE I

e 1 WRele Izt lﬂizéé] Fob Uitk

HZ Jlole Af4 doll, AE ziE 2 tAdEA ; ];?;igﬂ)llu*ﬂil olgt HAZ EX| (immunogold la-
34 E4o] FEEon X WA E3] P carinii

9 JgY e I3 JAst glowA o] &S ¥4 092, 900, 902 3] 904 FE A5 Agsto] WAF
esicth B3R HE FA Helle AREAET}F S48t EA A& AASGE Wl WEE P carinii®] Fatel]
o 9leow, 394 AR7F AF= AL AR AEE 4R BPAoz Bt Colloidal

5 oldE FARZE AL o5 L oJorsio] Fut %
4. FAIEXHOEN A > o ﬁl,i},ﬂ LM; 3&2}1 4 ;]"E L
£ 7HE AU (Fig 6A). Eido] 1-5— 7t & A4
UEr} 28 923 ARNYET} e o) F2 T
AR o g AR, 7HE HFEol xﬂ A o) /‘Pzﬂ

e 2 TR oS TS B

2% % % 93 9% Yoz 79 Az
el Si51eh A N elel AL 43

» r:i
flo & o
Jo r2

H

N
it
e

o.?.t

[e]
E45 A Zo] R0l QI Aol wlalA et chd SAG EYRAlIAE WS Fg 6B). o2
YA BolFRlh T3E oAlE $RA 2 ERel A SPDE ALuAE uhe el A shals B
gosdol wlal jEele BAATEA M WEE Uy AEAD Tde Fo L EAIek DY

o}

AL (Fig. 5), HZE T W&ol whAU A i ¥ A Fzo APFer BAFHNL, HAX ol feid

Fig. 7. A: Ultrastructural localization of antigenic molecules of Pneumocystis carinii using polyclonal antibody (SP-D). Immuno-
gold particles are labeled on the free floating surfactant material (asterisk) as well as the pellicles of the collapsed cyst and
trophozoites. B: Numerous immunogold particles are observed in the empty spaces of type II epithelial cell (arrows) in which
previously surfactant materials were contained. ITEM, Bar(A&B)=1 um, A: x 8,800, B: x9,100.
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Fig. 8. A: Silver enhanced immunogold particles (Pri Ab= 902) are well identified on the pellicle surface (short arrows) and
tubular extensions (long arrows) of the trophozoites. B: More intense labeling of silver enhanced gold particles on the pellicle
surface (arrows) of Pneumocystis carinii cyst than that of trophozoites. ISEM, Bar(A&B)=1 um, A & B: X 10,200.

FHEA 23] v FolAx “d%*% A Hee
BAL 7 YA (Fig. 7A). 3 I AZL4AAE
of THEA FA-o| o] ]“1‘:" th5A] (multila-
mellar body)2} AT = WHdZF T2 3}l 5o
25t (Fig. 7B). ANHH o WAF X AHE
gkl vla] oA B FYsHA

g F5 T oS ol .\Jr 23}
A= P. carinii FAH] FTHol WodZ 3
=A%kt

k ‘1*
i};g 7l
32
EE.XL
-}
il IN

° S i ot
7%] w2 -’F«l -‘Jra”é— | FE=Y (Fig. 8). 22 ¥
291 SPDE AL FolAE o
et o5 F9IelE FeSol s A
A3 o] ol e, Bzl

1
FErdell g A A3 Sl JRHA
i g

Chagas™7} 1909\ guinea pig #H|ZZ oA P. carinii®}
SN FAZ 71%3 o) E P carinii®] Aol Fﬂrﬂ
of ofg] AFAEol 3l W A7t o] FolA %

P. carinii®] EAlo] Hilx|o] %\LE}.ZQ - 357]"“% P.
cariniie £33 4 AUYHE /MAWA A HAEAE
Holx HZA AFFE EFAALY P. cariniizh ¢

HE WS GMS AT AFF Aol Aoz
ST YE HollA AFHFE EHelA =g 2

[e]
2]3 Edman et al®2 P. carinii2EE] 16S ribosomal
RNAE Zelsle] AF79 Aol 58 Haslgld
AAAn B A EE P carinii®] AZA ol thEk A4
AT Az} EJ_ELL Ak P cariniio) ooks
a2 FWe Fd Jdr A& 7}?4“1 el
EWole g 7 astHA v
g 7M. 2 141 ol & 271, 47H, T 8
ﬂl%: 23l o] & FARAEA 1 F) Hol
dHA Yeb® A4 Tie g Wol 3
LHﬂlﬂ Bog vBIEM dfd]o
Az whA U 23 E o
-“401 HP”‘ °4EH«1 T2F HolFd} (Fig 1). d43 £
< HAEZGIAE *l 1y S| 249 A Eol 22l e
7dgFe] A, o}
o] WA=}

P. cariniiol] )8t o =z g}ebAd AxE AA s F

AE B} folaiA] B F Yok modzAge
A AA7E gils] A 2" x7)dle FE GEE S
Agslod W ATE o P ocariniis EA A
e gyt oz wded oA e EAAS
%H&*“E}” AT Y A HEFE Az, 2
3F6, 2G2, 18]1 4F2 o] 711%}5]01 Zzwelo] 14
a3 gelsl EolE & z=o|A] P. cariniis $o|3l
AN § YA HP P B AdFo A AR g
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