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A b s t r a c t . We have studied expression of P C N A and Ki-67 in the developing nervous sys­
tem, sensorv organs and orofacial regions in human embryos and fetuses using monoclonal 
antibodies PC-10 and MIB-1 in three-s tep immunohistochemical method a n d apoptosis 
performed bv T U N E L technique Expression of P C N A a n d Ki-67 increased w i t h the age 
Apoptosis was rare in above ment ioned regions 

K e y w o r d s : P C N A Ki-67 - Apoptosis Embryo — Fetus 

P C N A and Ki-67 antigens represent endogenous markers and belong to markers of 
proliferative activity, mostly used in t h e world (Chns tensen et al 1993, Mollgard et al 
1993) 

P C N A represents an auxiliary protein of DNA polymerase delta and is involved in 
the process ot DNA synthesis and repara t ion P C N A was demonstrated in t he cell nudei 
during the course of G i , S and G2 stages oi the cellular cv< le Its occurence is verv low 
111 inactive (non-dividing) cell nuclei and some consider this nucleai pho.sphoprotein as a 
reliable marker ot cell proliferative activity 

Ki-67 is a protein with short biological half-life t ime (less than 1 hour ) , which shows 
very strong expression m nuclei of piohfeiat ing tells W i t h respect to the lenght of its 
biological half-life t ime, the labeling index of Ki-67 does not correspond to t h a t of PCNA 

Apoptosis is a complex of processes which lead to the phv siological c ell dea th , usually 
1 d i ed p rogrammed cell death It is one of the most s tudied biological processes a t present 
(Lichuov s>k> (.£ al 1998) It is associated with normal differentiation and formation of 
organs dur ing organogenesis, with growth defects and potentially with the t u m o r origin 

We examined cranial par t s of h u m a n embryos and fetuses w ith special emphasis on 
developing nervous tissue and orofacial region 

Tissue samples of 12 normal h u m a n embrvos and fetuses aged 6-14 weeks of mtraute i -
iiie life were fixed 111 methacarn and processed by the classic paraffin techniques The 
inimunolusto< hemita l detection of P C N A and Ki-67 antigens was pe i formed bv three-
seep immunohistochemical method using monoclonal antibodies PC-10 for detection of 
P C N A and MIB-1 for detection of Ki-67 Secondary biotin labeled an t i -mouse antibod} 
and a t rep tavidm conjugated with horse-radish peroxidase weie used in t he above steps 
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Figure 1. Massive PCNA expression in the Figure 2. Ki-67 expression m the layer of co 
ectodermal and mesodermal parts of the tooth nes and rods m the 8-week-old retina Magn 
germ in the 13 week-old fetus Magn x 240 x480 (right) 
(left) 

Apoptosis was detected by the TUNEL technique T U N E L technique de tec ts DNA 
s t rand breakes occuring m the early stages of apoptosis by terminal deoxynucleotidyl 
transferase, media ted labeling of the free-3'-OH termini with nuorescem-modified nu­
cleotides Apoptot ic nuclei are visualised by anti-fluorescein ant ibody conjugated with 
alkaline phosphatase which dissociates the yellow-coloured subst ra te ( N B T / B C I P ) to 
blue-coloured precipi ta te Intact nuclei are labeled by nuclear fast red 

E m b r y o n i c p e r i o d 

In the 6-week-old embryo P C N A positive cell nuclei begin to appear in t he nervous tissue 
of telencephalon, in epi theha of the developing nasal cavity and in the neuroec toderm 
anlage of the re t ina To the end of the embiyonic period (8th week) proliferating activity 
increases Many P C N A positive nuclei are visible m the anterior lens epi thel ium and m 
the whole thickness of the ret ina anlage Distinct P C N A expression is present also in 
epi theha ot the nasal cavit> and vomeronasal organ and in the ependymal a n d mant le 
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Figure 3. Apoptosis (arrow) in the germ and mantle layer of the telencephahc wall in 7-week-old 
embryo Magn X 480 

zones of the telencephalon wall with decreasing gradient to the outer surface The amount 
of PCNA positive nuclei is less distinct in epithelial cells of the choroid plexus The rare 
PCNA positive nuclei are present in tissues of the developing tongue and salivary gland 
anlages Groups of PCNA positive nuclei are visible m tooth anlages and also in the 
superficial ectoderm and m the lining membrane of the primitive oral cavity during the 
whole embryonic period (6-8th week) 

Ki-67 expression is minimal m the 6th and 7th weeks and only single Ki-67 positive 
nuclei were found m the followed localizations In the 8th week single Ki-67 positive nuclei 
were proved in germinative zone and on the boundary between marginal and mantle zone, 
m the layer of cones and rods of the retina and in the epithelium of the primitive nasal 
cavity In the developing orofacial region expression of Ki-67 was not found 

Apoptosis was present mainly in the retina and m the epithelium of the nasal cavity 
respiratory region Single apoptotic nuclei are visible in the mantle and germ zones of the 
telencephahc wall and m the anterior epithelium of the lens A lot of apoptotic nuclei was 
found in the lining membrane of the primitive oral cavity, massive expression of apoptotic 
nuclei was seen in the superficial ectoderm in all studied material Apoptotic nuclei in the 
tooth germ were visible only sporadicly m the ectodermal part of the developing tooth 

Fetal per iod 

During the fetal period PCNA and Ki-67 expressions increase Abundant occurence of 
PCNA positive nuclei is characteristic for the epithelium of the nasal cavity and a layer 
of cones and rods of the differentiating retina In 14-week-old fetus many PCNA positive 
nuclei were localized in ependymal cells, neuroblasts and ghoblasts and all the investigated 
organs of the orofacial region The amount of Ki-67 positive nuclei increases m the layer 
of cones and rods and in epitheha of the nasal cavity Positive nuclei are also in ependym, 
single neuroblasts and many ghoblasts of the thoracic spinal cord Single Ki-67 expression 
appears in the 9-week-old fetuses m all the studied areas of the orofacial region Focal 
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positivity was found in this localization in t h e 13th week In older studied mater ia l ( 1 3 -
14th week of t h e in t rauter ine life) apoptot ic nuclei failed t o be proved in nervous system, 
eye and nasal cavity Single apoptot ic cells were found in t h e ectodermal and mesodermal 
par t s of t h e 9-week-old t o o t h germ and in t h e lingual anlage Later (in t h e 14th week) 
apoptosis d isappeared in this localization T h e other p a r t s of t h e orofacial region were 
negative 

Expression of P C N A a n d Ki-67 increases wi th t h e age In correlation with expression 
of some other proteins it gives the information a b o u t t h e regulation of the cell cycle dur ing 
embryonic a n d fetal differentiation of t h e s tudied organs Results of our s t u d y can be of 
some value for explanat ion of the proliferative activity of cells and at t h e same t i m e for 
elucidation of t h e origin of anomalies in t h e s tudied regions 

Detect ion of apoptos is was performed in t h e same mater ia l All s tudied regions were 
areas with high cell proliferation , appearance of apoptot ic cell nuclei was rare in compari­
son with other organs which undergo t h e complicated development in early developmental 
period (e g kidneys, limbs) Our findings testify for hypothesis t h a t the normal h u m a n 
embryogenesis is under multiple level control (Le B r u n et al 1993) 
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A b s t r a c t . Ischemic changes in neurocytes from brain and spinal cord of r a t s were s tudied 
by densi tometr ic measurement of bound basic s t a m - methylene blue Statistically signif­
icant differences in integrated optical density (I O D ) of cytoplasm near to cell nucleus 
in brain a n d spinal cord neurocytes were detected after ischemia After 10 m i n u t e s of 
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