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Prenatal Development of Human Lip with Immunohistochemical

Study

Su Jung Hong, Young Joon Lee, Yeon Sook Kim, Suk Keun Lee and Je G. Chi*

Department of Oral Pathology, Kangnung National University College of Dentistry, Gangneung;
Department of Pathology, Seoul National University College of Medicine, Seoul, Korea

Background : This study is aimed to elucidate the developmental pattern of human fetal lip
by histological and immunohistochemical examinations. Methods : Totally 231 normal
human lip tissues obtained from autopsied fetuses were fixed with 10% buffered formalin,
sectioned in cross and longitudinal directions, routinely stained for H&E and performed for
immunohistochemistry with antibodies of S-100 protein, proliferating cell nuclear antigen
(PCNA), transglutaminase C (TGase-C), metalloproteinase (MMP)-3, MMP-10, tenascin,
KL1, K8.12, E-cadherin, tissue inhibitors of matrix metalloproteinase (TIMP)-1, TIMP-2 and
total keratin (TK). Results : The lip structure first appeared as an orifice of stomodeum
around the 7-8th week of gestation, and a major structure of the midface was observed by
the 11-12th week. As the squamous epithelium of the lip became thick and was keratinized,
the vermilion border became distinguished in the 15-16th week, and the lip structure was
almost completed with the presence of orbicularis oris muscle in the lingual side of vermilion
border by the 17-18th week. Immunohistochemically, the vermilion border showed strong
reactions for tenascin, E-cadherin and MMP-3 and increased positivity for PCNA, cytoker-
atins (TK, KL1, K8.12), and TGase-C. Conclusions : With the above findings we suppose
that the cytodifferentiation of vermilion border epithelium plays an important role for the
development of human fetal lip.
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antigen (PCNA, mouse monoclonal antibody, Dako, Den-

Table 1. Major histological findings during the development of human lip

Gestation age (weeks) Number (n=231)

Histological findings

7 3

8 7

9-10 10
11-12 9
13-14 7
15-16 9
17-18 8
19-20 5
21-22 9
23-24 9
25-26 10
27-28 11
29-30 18
31-32 17
33-34 13
35-36 13
37-38 15
39-40 19

over 40 39

Lip is not defined in the primitive jaw structure.

Upper and lower lip structures appear by deepening of lingual vestibule.
Upper and lower lip show almost complete shape.

Lower lip is more protruded than the upper lip.

Orbicular oris muscle appeares in the center of lip.

Vermilion border becomes conspicuous.

Hair follicles begin to appear.

Vermilion border becomes widened and distinguishable from other structures.
Thick orbicularis oris muscle is located near the vermilion border.

Thickening and keratinization of lip epithelia

Lip structure is almost completed with prominent vermilion border.

Hair follicles and sebaceous glands are well developed in facial skin epithelia.
Prominent rete pegs in oral mucosa epithelia

Hyperkeratinization in the whole lip epithelia
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transglutaminase-C (TGase-C, mouse monoclonal
antibody, Neomarkers, Fremont, US.A.),

proteinase-3 (MMP-3, mouse monoclonal antibody, Neo-

mark),
matrix metallo-
markers), matrix metalloproteinase-10 (MMP-10, mouse
monoclonal antibody, Neomarkers), tissue inhibitors of
matrix metalloproteinase-1 (TIMP-1, mouse monoclonal
antibody, Neomarkers), tissue inhibitors of matrix metallo-
proteinase-2 (TIMP-2, mouse monoclonal antibody, Neo-
markers), tenascin (mouse monoclonal antibody, Neomark-
ers), E-cadherin (mouse monoclonal antibody, Zymed, San
Francisco, U.S.A.), S-100 protein (mouse monoclonal anti-
body, Neomarkers) S0]1oH, aA9] 34 )& 1:50-100
AL AZAPE Ashs 44 HlES AREk
HolzAge gae N A o

DAKO LSABR® kit (DAKO, Denmark)E o]&3}o] strep-
toavidin-peroxidase WH< AHESITE WA 2F 9] dtAE
AAs7] Sste] AAE 158 B7F £ty 100%, 95%.
85%. 70%°] ANTHERE FSAIAOH, 03%] HO,E 537 W
A ISR AS HIEASAIT] F QAE SN E AU

th. o719 Z47He] dap AL 1A FF oA HAI
5 vpo] Q&lo] A o2} FAR FollA 3087 WHEAIZ L
w, oAtz o 2 2RE] A|H 3 Lo streptavidin® 2 T}
| 3087 2ol A vEEAIFTE Mz ste} ghgo] i X
21 #WL diaminobenzidine (DAB, Sigma, St. Louis, U.S.
A) SOlA oF 52 EOH WAL AROm ArEROR of

T AE

L uAcr AFsUTh A vk &

—

A7](Image Pro-4.0, Media Cybernetics, Des
Moines, U.S.A.) & F3to] #4313 ch
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Al 7 55) 7ol 2719] 918 ok 27t 3A
g, ol7EA = o} Sidedt oY Es] 27t FEEA|
okt A4l 85(wiE 65°) 3ol X|¥H(dental lamina) 9] 3
A3 A AEF Ut FE(vestibule) o] Ao el wet 1Y
&3 o] AR FHHAE Al 9-10F(F 7-8
F) Adle Sl olldEe] Boko] T o NYE
o] 1Yzl Hlate] ot dFoE EZHUTE JA 11-12F
(B 9-105F) Aol S9es ofddze] d=9 o £9)
oA WFHA=E oiYEo] SIdsl Hlgt HE FElsH
AFoE FZHNLE JA 13-14FRE 4t A E 9
A FZOE FAFIL PAS ¢ whe-& Holz Moo
F9 Aol ot At A Fol FH3HA LA e, o
= I e vnA gk AX SOE o]RojA Y Ruy|H
o] wido] #AFHE T2 g9 Aol TUHE SidE

9] M 7ol FElsAIT oAk SIdES ol Yol wiste]
7+ ] 91A18H%

Table 2. Immunohistochemical expression of various antibodies in human fetal lip tissues

Gestation pas S0 pbenA TGaseC  MMP3 MMP0 TN KLl K812 TK  E-cadherin
age (wks) protein
7 - - ++ + - - + - - + -
8 - - +++ + - - + + - ++ -
9-10 + + +++ ++ + - + + - ++ +
11-12 + + +++ ++ + - ++ + + +++ +
13-14 + + +++ ++ + ++ ++ + +++ +
15-16 ++ ++ ++ ++ + - +++ ++ + +++ ++
17-18 ++ ++ ++ ++ + - +++ +++ ++ +++ ++
19-20 ++ ++ ++ ++ + + ++ +++ ++ +++ ++
21-22 ++ +++ ++ ++ ++ + ++ +++ ++ +++ ++
23-24 +++ +++ ++ + ++ + ++ +++ ++ +++ ++
25-26 +++ +++ ++ + ++ + ++ +++ ++ +++ ++
27-28 +++ +++ ++ + ++ + ++ +++ ++ +++ ++
29-30 +++ +++ ++ + ++ + ++ +++ ++ +++ ++
31-32 +++ +++ + + ++ + + +++ +++ +++ ++
33-34 +++ +++ + + ++ + + +++ +++ +++ ++
35-36 +++ +++ + + ++ + + +++ +++ +++ ++
37-38 +++ +++ + + ++ + + +++ +++ +++ ++
39-40 +++ +++ + + ++ + + +++ +++ +++ ++
over 40 +++ +++ + + ++ + + +++ +++ +++ ++

PCNA: proliferating cell nuclear antibody, TGase-C: transglutaminase-C, PAS: periodic acid-Schiff, MMP: matrix metalloproteinase, TN: tenascin,

TK: total keratin, wks: weeks.
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Table 3. Immunohistochemical detection of various antibodies in the specific areas of human fetal lip tissues

Tissues (cells) PAS  S-100 protein PCNA  TGase-C ~ MMP-3 MMP-10 TN KL1 K8.12 TK  E-cadherin
Facial skin epithelium
superficial layer + - - + + - - ++ _ ++ _
keratocyte layer - - - + + - _ ++ _ + _
basal cell layer - + ++ + + + + + + ++ +
juxtaepithelial - + - - + + ++ _ _ _ +
mesenchyme
Oral mucosal epithelium
superficial layer ++ - - + ++ _ _ ++ + T+ _
keratocyte layer ++ - _ + ++ _ _ T+ + Tt _
basal cell layer ++ + ++ + ++ + ++ + ++ ++ +
juxtaepithelial - ++ - + + + ++ - - - +
mesenchyme
Vermilion border
keratocyte layer + - - - + _ _ ++ _ + _
basal cell layer - + + ++ + + +++ + + + ++
juxtaepithelial - +++ - + + + 4+ _ _ _ +
mesenchyme
Minor salivary gland ++ + + + + - + ++ + T+ +
Hair follicle - + + + ++ - + ++ + ++ +
Sebaceous gland - - + + + - ++ + + + +
Orbicularis oris muscle + - + ++ + - o+ - _ _ _

PCNA: proliferating cell nuclear antibody, TGase-C: transglutaminase-C, PAS: periodic acid-Schiff, MMP: matrix metalloproteinase, TN: tenascin, TK:

total keratin.



216 E4H - 0l - Uois 2| 29
|‘VB P e e
> . 57 o o |\ arsh VB
oM - / 8.8 | \
- 1 _ - ! & - -
FS J Y. ,
OOM : : &9 o OOM
CEA ooMm §s
e : iR s
H&E e PAS ®
l<— vB
VB
VB > | FS
= OM
i/
e B
OOM
oM
MoAb PCNA wln 20
N
X4 VB - / - VB —
oM : W,
FS 3
MoAb Tenascin (30)
|<— vB
<
<« VB
oM

ES

MoAb MMP-3

Fig. 1. Histological findings and immunohistochemical detections of proliferating cell nuclear antigen (PCNA), tenascin and metallopro-
teinase (MMP)-3 in the fetal lip tissues. 1a-b: 18 weeks of gestation, 1c: PAS staining, 22 weeks of gestation, 2a-c: 20 weeks of gesta-
tion, immunostaining of monoclonal antibody (MoAb) PCNA, lingual side epithelium of vermilion border (VB) is more intensely positive
than the facial skin side, 3a-c: 25 weeks of gestation, immunostaining of MoAb tenascin, strongly positive in the ectomesenchymal
interface of vermilion border tissue, 4a-c: 28 weeks of gestation, immunostaining of MoAb MMP-3, condensely positive in the vermilion
border epithelium. OM: oral mucosa, FS: facial skin, OOM: orbicularis oris muscle.
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Fig. 2. Immunohistochemical detections of total keratin, transglutaminase (TGase)-C, S-100, and E-cadherin in the fetal lip tissues. la-c:
24 weeks of gestation, immunostaining of polyclonal antibody (PoAb) total keratin, strongly positive in the epithelia of lip tissues, 2a-c:
28 weeks of gestation, immunostaining of TGase-C, widely localized at the keratocyte layer and basal layer of vermilion border (VB)
epithelium (arrows) and muscle bundles of orbicularis oris muscle (OOM), 3a-c: 26 weeks of gestation, immunostaining of monoclonal
antibody (MoAb) S-100 protein, strongly positive in some basal cell of vermilion epithelium and Schwann cells (arrows) of the nerve tis-
sue in the submucosal mesenchyme of vermilion border, 4a-c: 20 weeks of gestation, immunostaining of MoAb E-cadherin, strongly

positive in the basal cells of vermilion border tissue and continuously positive in the basal cells of oral mucosa epithelium. OM: oral
mucosa, FS: facial skin, OOM: orbicularis oris muscle.
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(Fig. 1-3a, b, c).
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