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ABSTRACT

The differentiation and ultrastructural characteristics of type Il pneumocyte was investigated using 7 cases
of human fetal lungs from 9 to 20 weeks of gestation by transmission electron micropscopy. The result
obtained were as follows.

1. From the pattern of epithelium, type II pneumocyte was not discernable, but with the gradual development
of gestation, the epithelium of the future pulmonary alveoli was transformed from pseudostratified columnar
into simple cuboidal epithelium after 15 weeks of geatation.

2. The multilamellar body very specific to type II pneumocyte was observed at first at 9 weeks of gestation.
Besides, another characteristics of the cell were also observed such as cytoplasmic inclusion body, granular
inclusion body, multivesicular inclusion body and dense body.

3. The number and size of multilamellar body increased, but those of other inclision bodies decreased at 19
and 20 weeks of gestation.

In summary, type II pneumocytes (or precursor cells) with multilamellar body and another charateristic
inclusion bodies were observed in the human fetal lungs from 9 weeks of gestation.

And so, it is suggested that the differentiation of type II pneumocyte starts at or before 9 weeks of gestation.
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N oB

Abgtzt BEolA sivle] W o ARY A7
9] tate] Sof gtom, dnkH o 2= FHI}e] HeE
4 e g 9o 547), 5 wAHA17] embryonic
period), #3141 A] 7] (pseudoglandular period), | &A] 7]
(canalicular period), 2% F ™1 A]7] (terminal sac
period), 32 A] 7] (alveolar period) 2. v} (Dubreuil
et al., 1936; Emery 1969; Meyrick and Reid, 1977;
Langston et al., 1984). '

742ke) A7) BEAAQ 2AH FxE 7HAA
ot ol2jgt EAEel s A7l T FEFHe] veht
A= ¢t} (Ten Have-Opbroek, 1981; Langston et
al., 1984; Hislop et al., 1986). Abgtell A A|F7}A] 23
2 vlel w7 (R4 269 ~6F)elE F2
71RA A Fo] LA, AAGAZ (RS~ 1TH)E
gzt fARElE, AFA 7] (Y 16~25F)el:
71 BA) 2} FUA 7| RA7) w23 FEFEHY
AP 245~ 2AMNE Be FTFAU 2
23ty 2F % AF A Z (type I} 1T pneu-
mocyte)7} H@31, 92X 7] (B obd7] ~ o}F7])ell
= el e 283 sl zde] 7
8] Ao} (Langston et al., 1984; Moore and Persaud,
1993). AAAA 7] el] Ao} 22 7HA T
9] 3el7} a5 X%k (Bucher and Reid, 1961), &}
z}2) 4 o] (pulmonary acinus)e BI3A A Fube]
Jeldo} (Otto-Verberne Ten Have-Opbroek et al.,
1987b).

snge| ol FANE F 25 AZE ¥
# sl 2o} BEgAA (multilamellar body)& 7}
2 g a2 M) Zo)= (Moore and Persaud, 1993),
H3te) 2R TFR Yk Az
£ & F2FOIAT Hal wAPo] APHHM 2EF Y
A& stae)d 27 £3g v} (Ten Have-Opbroek,
1979; Otto-Verberne and Ten Have-Opbroek, 1987a,
b EEHYAYIAZE he ghobd szt
315 se) ZAYD Aol ool olage
a7 gasks ADE Has 8 2o 375
Az ¥ Azz F3A24E 7R e

o sne AWYLTAE AT Bl B4
3} 7)%2 %t} (Askin and Kuhn, 1971), =3 o] A=
+ vgElsgae] [ vgg AXAT 3G
A 22 oF 60%F TABL 3] BE A2 F
10~15%% X}*] 3k} (Castroanova et al., 1988).

sl ze] 7% g9 v 7Rz eokd
o AR AHBAA (surfactant) o] FAA} £ ]
I, A olEA Het A, ARE A=
& BT 229 oJF PAE At &4 £, 9
s}ale) M| 28] ) A) o]} (Castroanova et al., 1988). L
duz AP guze AAHA HAHY 75
sl £48 F& Fal 2] W ot dbgel
83 9¥¢ ¥4

3mle] dEAA M AFFHAHA 2 B
m A ArelA] AJF (Ten Have-Opbroek, 1975, 1979;
Ten Have-Opbroek et al, 1990), 3] (Otto—Verberne and
Ten Have—Opbroek, 1987a), 71119 (Lin and Lechner,
1990), 3] A}k (Campiche et al., 1963; McCougall
and Smith, 1974; Lanston et al., 1984; Zeltner et al.,
1987; Otto—Verberne and Ten Have—Opbroek, 1987b)
¢ dAtes AW EAY Jud AL A
£ o]l o|FeiA it

dodey dFE B8 AFAME HA 1429
(Ten Have-Opbroek, 1975), HelAxx HA 16Ul
(Otto-Verberne and Ten Have-Opbroek, 1987a), 12
I AgelAE= A 115 (Otto- Verberne and Ten
Have-Opbroek, 1987b) 3} & glze] 271 o]
Hsixk

2 FHAHAER AL o] 4sA LAF FH
oA APz E3E BAY AL 4
(Ten Have-Opbroek et al., 1988a, b), F (Vidic and
Burri., 1981; Shimura et al., 1985; Young et al., 1991),
719 (Lin and Lechner, 1990) 5] $&& djAles
o Reln ok Algte) WARAE W4 McDougall
and Smith, 1975; Otto-Verberne et al., 1988)c.2 &
Re Awrt 44 287} B3EE

2 APANE e 21245 Hope) s
g dues o YRRy EHAAe
2AREE A E et BEshA S
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1. MEE

WAeh Bole APAARE e A=A 4
ool Adgen) R K48 AYelt 2
%) g o AFNELE sk =T Hold
%) wdel dge 7184 gle =AY o] 9l
£ ool Q7R AR Hg 2 e
2Re dole] A1 W A& 2Ae Lee (1975)
9 7124 @2t ARSGE ARAARRE 99
A g A 9FRE] i3] A 207 o]2i= T
o}e) 2+& QFAR2 AHESHIT (Table 1),

Table 1. Crown-rump length and body weight with gestational
age

Gestational No. of Crown-Rump Body
Age Fetuses Length Weight
(weeks) investigated (mm) (gm)
9 1 31
12 1 63
15 1 98 85
19 2 143 320
150 300
20 2 157 275
156 340
Total 7

2. RajExidold BEE e A A
b

glole] Jle& Aifsle] 2B} olg ol E
oA 2AHEAE dF At oF ImmiY 7|2
M A& % 2.5% glutaraldehyde (in pH 7.4, 0.1 M phos-
phate buffer, 4°C)ell 2~4A12F A 3AE F 1% osmi-
um tetroxide (in pH 7.4, 0.1 M phosphate buffer 4°C)el]
A7 FaAstge) oA e g3 gdoz AHT
* 50%, 70%, 80%, 90%, 100%, 100%2] 4°C o|et-&
49 2] 3 propylene oxide oA Z+zk 1087 FA
Ho=z g4 AFTh I F propylene oxide : epon (1:
1)ol] 24A12F A FA1Z] F epon 812¢] Euf o]t

Sorvall Mt.50002.2 0.1~0.5m $7|2] Zzu-d1
& A28}z Richardson G48-& sled Fev|7oz

23T F, A S0nm FAS) 2ebERE Al
uranyl acetate2} lead citrate2. o] F L Al A3}
JEOL 200CX S x13n) 7 0.2 100KeV to A 2
aalc ‘

4 =

A 93] YA A EEFIUFL AIE T
A3te AZe ¥ FR2 AL 713A 9 A7
A2 PAE 299 e $F WA AAFERY
MEZoz o]FelA 3slor WAZAME AlZAL
oldf o] 4A FAHU (Fig. 1). M xS Fefje 7
7b 3 AFAATA xR o] FA Uen, Y o
Az ¥ o=z daArt £H3HT HAGHA
& Bgon 7HE RERFAE #IY 4 UdH A}
A, AP 2L, n AR 22 FE 52 4
A #AFGReH FAAPL ff TR A=
A el 53 A FEIHE 22y RS
A, A& 23, 2 d3E FUAHEE 52 v
oA =8A #2F A (Table 2).

WY 97 FUol HTelEelE TAY ¥l
A4Te 32 mx AdF2es P QT 94
WABAE Aol el Wol WREYTH A
IV 2 A5 WA dudTdEzs T4
Ao, Bhd WA TR dhF-Eolsict o] 29
olxl zEFueiMze AP R FY
A FEEY E3sie AL ALY S WA
71&A g M7 RRAE FAE B9 Azege 9
o F2E FFY 4 A%l Figs. 2a, b, ¢). AFRA),
PN ZAA G, v g2 T3 FE Fe] el
E A BRI MZzedM o] fALSIE =3
Hgsueidze] §4¢ REHaMH7} =EAG
at FAFHPFE ot} (Fig. 22). o] H3H el
E(Ex AFMZ)INE T2 2UH3He] A=A
Well A #ej7] B9je) wi R9e] F2 HA AN
oo 4/ Zm AL F4& YA UK (Fig
2b). ¥ ¢ B9 HEAME FHo $HS &
& 71 FAEgACE B SEEHA I (Fig 20), T
471 G828 B2 44 F2E 4 dsiek

=3 EAA kil =3 (inclusion body)E o]
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Table 2. Ultrastructural characteristrics of pulmonary epithelia in peripheral area before 20 weeks of human gestation

Cell type Primordial Type I Cell (Precursor)
Cell
weeks 9 9 12 15 19 20
Cell arrangement . Pseudost .
Stratified/ - Simple/ . . .
Pseudostratified ratlﬁed/ pseudostratified Simple Simple Simple
stratified
Cell shape low col low col/cub cub/low col cub/(low col) cuboid cuboid
Nuclear shape oval/fusiform oval/round oval/round round round round
Structures
Microvilli + + -+ + + +
Endoplasmic
reticulum + + + + + +
Mitochondria + + + + + +
Golgi apparatus + ++ + + + +
Multivesicular
bodies - - + + + +
Dense inclusion
body =+ + + + + +
Multilamellar body ) - : + + + ++ +++
Glycogen pattern
Disseminated +
Field + + + + +
Membrane systems
associated with + + + + + +

glycogen fields

A=) o (Fig. 2a), 2472 23A S AL &
3} 2o} M 24 £FA (cytoplasmic inclusion body):
AZAT A8 Dz G9349E e F=2
F A9 = o3 Eelate] 9l9lc) (Fig. 2a). ZskE
34| (dense inclusion body)¥ #H}gAle =z =2 Az}
Adeg vepl o gisdeh g3 s daeisze] EA4al
R334 (multilamellar inclusion body):= A 23 9|
Bey] Rl 2BA ek Sz 2§
AL 7T AR BT oz 745 As
a2} AREYA el 237 Fol U R
Hefo 2P E= 43¢ vehtx =

Wy 1279} 1558 AARA sssielsels) A
A g WA ARFZAAN 23482, A2e 7]
7b & 4FAIN TN Az, T893
#e eGP oA ST oz wdslyol s Fs v
gz M= FPEM 2 (Er ATH )N A
FAHE RFAXIFA S ¥ 23 =Sl #FFHA
%okeh (Table 2). o]9oll = &3 FAneM 2edre
A T4 Ex, g3 499 43 B

L Fo] FARFHA TR ehtR] ghel, Fute]
9 MErt £ EF AEz TR £31317] A
zstiet. AR A HMNE (e AT E)A Al
Za7)e] e 979 Z zbel7l AR
SUngel 7 YU AP o pasky
o AYHTIAE (e AFADAN EPEY
Fel7} 1% chepstA bt (Fig, 3a), AZAE
A, Agzed § dd= Az BEHY) Az
T4 % Z 84| (multivesicular inclusion body): ZFA] &
A AN B 2xe AT 2z )
44 SlgcFig. 30). =T B3 Az U
237b ol Fele AE Ugdes, RarEe
A FHAME HEET FAR £AXES AT 4
aget. BHAF £ FA (granular/flocculent inclusion
body) goll A7} Bo} AV e ZERAAE
2 chepsta 29l Welel FP= vehtm 9
1t} (Fig. 3b).

RE2u2AE FA Foez FAE 2L Aol vl
A AF #AEHGow, o] AL wpA 2 F 2
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A Aoz FAF Ax ANH B AExA9
Td7] B9 gk ot wigR e E Jebde
), FE3) A E AW viad & AL =
A vebgoh E AlZA2gA g 2L 25aa
AZE ol AS= Uz o] TFA o] Loz
FEEAM B3R} fARE FREE A
= 3} (Figs. 4a, b).

4R 1957e] o]2wiA A uEte]A x| A2y
AA o2 =:gge] wiwd A FAEE vbd
Zo)7] Relel HEoaAs gel #EAH7] Az
EipeLss

Zedadls o)A AZ|EG wig EApAAM 2
<3 FAUY] oz PAFH Y AL =84
3 NEZALFE, w= AHEIFE 534 AT 3l
%ok (Figs. 5a, b). 2A| 8 Te] Fgfutele] P&
A& AF AAG 5 oo, o] BHA 3
M Ee WP E2 ool W

A 207 E HdtEe]y) 2HE A F
Hainagaz oox Fstate]e] Aol e
AzMe S2da8r1 P45 U AL FF
g 4~ slslet (Fig. 6).

n #

oA Z1ER| 8 FHowte o] ASE e 55
g —‘—Er J& 7HAl 3 QJAIEh A& S AR 9ql
AARANNRE EdTF F2E5 7Y g F
ARSle} R 5 2ol aE ezt A9 ¢l
o g2 # ¢t} (Fukuda et al., 1983).

Aol zFs A EE Az
o RNt 2o oF 97%F AHA| 3 (Weibel et
al, 1976). 71 A 72 w] £33 9559 A=
M B4 99 Axr A<t e 3R &
EFsgtgelA ze 7171 24 A za |
B AL ARNA Mz HAL AR et
g Az Yyeo g FAow PaaAs And
w2 Ao Wk 1250 o]l=mA 7| HAAFE]
o A e WA AR S92 28T,
Mzl mofm o] hRFolgiet. ol W

oY 157 olRdE B% FRAAM R @

£9 Iz B3 2y o] B4i7) 7“"‘}
#vtate] & P Y BAA S o¢e AY =

F Fshueidlze) 32 AxY) RefoR: E}‘ﬂ
& 5 gsid dejASH dFZA 7} (Alcorn et al,,
1981)ef) vh=w suialele] HEHH) FHFL AH
A7l AlzbEe] Alze] Heje] wE AY 2w
FEFaued o] TR A 165 o Fo AR
gy s £ AddAM FRAEe ez @
3 uloll ospH M FAAZ| 27| A G
s otate]o] HEE FHelAn st 2r) HY
A Wate], AP A HFo] sEF3 gt
P A B3l JFE nA e FLY ebety A7t
= et

B dTelA #EA fhRe] e HARA] F
AF M E A 14.2Y)} (Van Hemert et al., 1986),
FHo A= A 1694l (Otto- Verberne and Ten Have-
Opbroek, 1987a), 78] 31 AlgtefjAlE 205 oAl &
A 100 A] 123 Z4ke]] (Otto-Verberne and Ten Have
-Opbroek, 1987b; Ten Have-Opbroek et al., 1988b) 7|
PGP A Hat FAE AHEshd HGTH Ay
oz A AgneM xe EAF W1 U+

oj¢} 7o} sl Es} HAY AUl B
T A7 el 53] AH elefellAME ¢ 2
7l sigge. vl fd-E Z8 A]s s
A 2 9] vt A)# (Fukuda et al., 1983; Ten Have—
Opbroeket et al., 1988a, b)dllA] A= g] o} Altel
At b s 2 AANE B 07 A%
shhelAEe 237 AAHE A BT 4 A
.

A 9F9] J|HA] ] FRAE O B9
AR 3 WAl ARSES Az A U
37 eI ] & Zxa QldA g 33 dRA 29
Az Fo7] HojelA v d4d Helo] ZEA2
A7} A= olm| HAYFHIHAA ] WS =
EAYE Rola glsitt o] A7l AL A 10~
1234 Wgam oz wW7AR x]7] (Otto-Verberne
and Ten Have—Opbroek, 1987b) Bo} w2 #o =24,
uo 27l s B4 6~839) A dole
ez FFsle] 2 AN o] FAFE A
2 4% ¢ UEAE Yoz A7 5 w3A
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of 3=t

71 /A2 Abs| o A 9H zpe|7} w9 He| 2zt
§-219] F-e] oJF A Fukuda 5 (1983)e] =
ARARA 7] el2H ZIHAGE AE EAe
AgzAy Az AzEupgEAe oA AF
Zpolel] ela] F-Eo] 7heslvkar F}ct. o]of uwpaw
1) Y A7) =] 9 (primitive bronchial zone)2] A}=}=
o2 wheetst RIS Z8A 2o E7] Ao QU 2)
A 71 M B2+ (primitive bronchiolar zone) & §4J
2ok FA¢ v, FEE olmAlfe] & a=ln
T 2o RlRH M 2o £ Ko gt 3) FAH
s}ae] 7 (primitive alveolar zone)d| A= 2§24
AEEe] FHtgeite]t g A Fod 4%
< 3 4) 7|;AAFY] L ok wpetl, A
AREAE, 223 A7 otmifell 3 £ &
o et ey ofel AL FELZ IHomeAxe
g 93] 8 9x] ARAHe AFAEF
W] 71EhE AlFE Reolot

2 AN Fgsvaeze $ate 2R
A 84l REUAAL 28 olYdE o] HE9
MzQ Wl vehte Azar#e) &g 7 )
ATz 5L #FE ¢ WA LF3hH gL
e Ad Ex, FdAYgAGE slexae A
wgE FAERA Feol, o]lBe oS £AH A
& doFst A=z ZgA7E el Ao olF
B ZPAE B 17~1909] 47 SRS el
H2s 7 (Ten Have-Opbroek et al., 1990)3} #-A}3}
A NEAZHA, AJF2ZEA, TAZ A T2in
ARZEA Eolct o8 ZFEEL F3BAA
7} de ARz E A e F= Ao
Z (Rehm et al,, 1988), Al zMde dREe 437}
AR F o} HAUE Yoz st 274 e}
Ve Az ZgEe A% s =B B A
YollA o] ZFE Fo] RAHE P A7]e w
2t Hatged 427 9Fe F2 Axixy
Aot AGEHAsL AASGon, G 1259 155
i oldex RAXEPA Y AJATFAE] H
Ao, B3Rt 20 Jee H4
1959} 205 M oleigl AL HA FAF
At REBRLA 7} BAH o2 Veldr] AlRbsiEA

oe Az 2 2Re) Pasts A4 43
ez}l A = w}zk7}2] Q19| (Ten Have—Opbroek et al.,
1990), ojelqt A =iz BY ESILA S P4
e = o V)Ae] e AeEE B 4 Yt 1
Yol = WA 20FA M FHufute]e] Ape]Add Qe
AxAM = 2E2A247F Y= Aoz Bop 3}
Helgtsteld 2] 7)ot FHatste] Ateldel 9=
MEZESY 75e] Fo A AFHAHt & Hoz
Azte et

rak
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

FIGURE LEGENDS

The photograph of 9 week gestation of human fetal lung exhibits stratified columnar epithelium of the future bronchiole
with oval or irregular nuclei, scattered glycogen, glycogen-free vacuoles. Another intracellular organelles such as
mitochondria, ER, microvilli are also seen. bar=1.8 um

The photograph of 9 week gestation of human fetal lung exhibits the future pulmonary alveolar epithelium. Fig. 2a
exhibits multilamellar body (arrow), Golgi complex (G), cytoplasmic inclusion body (c), dense inclusion body (d). bar =
0.5 um, Fig. 2b exhibits the glycogen field (g). bar = 1.8 um, Fig. 2c exhibits well developed Golgi complexes (arrows)
associated numerous vesicles. bar=0.5 pm

The photograph of 12 week gestation of human fetal lung exhibits various inclusion bodies. Fig. 3a exhibits finely
granular dense inclusion body (arrowheads), cytoplasmic inclusion body (c), glycogen free vacuoles (v) and membrane
system associated with glycogen field (arrow). bar = 0.5 um, Fig. 3b exhibits multivesicular inclusion bodies (small
arrow), intermediate inclusion body including concentric lamella (large arrow), and slightly dilated ER with several
vesicles. bar=0.25 um

The photograph of 15 week gestation of human fetal lung exhibits immature multilamellar bodies. Fig. 4a exhibits
small multilamellar bodies (arrows) included in or invaginated into cytoplasmic inclusion body. bar=0.375 um, Fig. 4b
exhibits small multilamellar bodies (arrow) and membrane system associated with glycogen field (arrow heads). bar =
0.5 um

The photograph of 19 week gestation of human fetal lung exhibits mature multilamellar bodies. Fig. 5a exhibits
multilamellar body (m) of complex form including cytoplasmic inclusion body. bar = 0.375 um, Fig. 5b exhibits
multilamellar body (m) of complex form including smaller ones. bar=0.375 um

The photograph of 20 week gestation of human fetal lung exhibits multilamellar bodies (arrows) in the cell of alveolar

septum. bar= 0.5 pm
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