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Summary. - Morphological changes of avian cells expressing the v-myb oncogene or c-myb proto-onco-
gene were studied by means of electron microscopy. Expression of both genes lead to distinct morphological 
changes of these cells. The nucleus of LSCC-BM2 cells espressing v-myb gene was of normal size but usually 
of irregular shape. It contained large unravelled nucleoli with typical interstices in some cells. Small nucleolar 
structures were also localized in the periphery of nuclear membrane. Nuclear envelope revealed reduced peri­
nuclear space between two membranes. LSCC-BK3 cells expressing the c-myb gene were characterized by 
distinctly enlarged nucleus, in most cases of irregular shape. It contained only one nucleolus markedly en­
larged, often unravelled, with apparent interstitial area. Nucleoli with nucleolonemas were observed in some 
cells. Nuclear envelope formed by two obscure membranes showed reduced perinuclear space. Topographic 
localization of v-Myb and c-Myb protein products was not basically different, both being detected in the 
nucleus of avian cells. v-Myb and c-Myb markers were distributed mostly in clusters, usually associated with 
interchromatin granules, but some marker was associated also with the nuclear membrane. Both Myb products 
were never detected in nucleolar structures of avian cells. Morphological changes of avian cells expressing 
myb genes and topographic localization of Myb proteins in these cells were different from those found in the 
insect cells expressing myb genes. The observed differences are discussed. 
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Introduction 

c-myb gene belongs to the members of proto-oncogene 
family many of which play a key role in the regulation of 
normall cellular growth and differentiation. Although the 
exact function of  most proto-oncogenes is unknown, the 
protein product of  c-myb, the p75c"myb, is involved in regula­
tion of differentiation and proliferation of haematopoietic 
cells (Gewirtzand Callabrctta, 1988; Framptonera/., 1995). 
v-myb oncogene represents a truncated and point-mutated 
version of  c-myb proto-oncogene (Lipsick and Baluda, 1986) 
and its product p48v"mybpossesses the characteristics oftran-

Abbreviations: DMEM = Dulbecco's modification of Eagle's 
medium 

scription factors. Both c-Myb and v-Myb are transactivat-
ing proteins containing three (c-Myb) and two (v-Myb) re­
peats of 52 amino acids, highly conserved, which are re­
sponsible for their DNA-binding activity (Klempnauer and 
Sippel, 1987; Biedenkapp et al., 1988). They contain also 
several domains responsible for the regulation of their trans-
activating function (Klempnauer etal., 1989; Garridoeŕa/., 
1992). 

The initial attempts to understand the mechanism of ac­
tion of oncogenes and proto-oncogenes involved the sub­
cellular localization of their gene products. It was found 
that c-myb proto-oncogene and v-myb oncogene belonged 
to the cellular and viral oncogenes, the products of which 
reside in the cell nucleus (Boyle et al., 1984; Klempnauer 
et al., 1984). A precise determination of subcellular distri­
bution of oncogene products and study of their interactions 
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with ccllular structures and their components represent one 
approach to the understanding of the oncogene functions. 

Published data on the subcellular localization of my b gene 
products arc rather controversial. Their association with 
chromatin but also with nuclear matrix was described de­
pending on experimental conditions (Boyle el al., 1985; 
Evan and Hancock, 1985; Klempnauer, 1988). In human 
cells c-Myb protein was found in the nucleoplasm, exclud­
ing nucleoli (Bading et al., 1989). Since v-myb gene prod­
uct was found also in the cytoplasm of the cells (Klemp­
nauer et al., 1984), its function in cooperation with cyto­
plasmic structures cannot be excluded. 

Our previous studies were focused on the analyses of v-
myb and c-myk gene product interactions with cellular com­
ponents of insect cells in the baculovirus system expressing 
v-myb and c-myb inserts. It was found that expression of 
these genes was accompanied by extensive changes in the 
cell structure especially in the nucleus along with typical 
changes in the nucleolar structure (Štokrová et al., 1995). 
myb gene protein products were localized predominantly in 
ring-shaped ribonucleoprotcin structures in nuclei. 

In this work we examined structural changes of avian 
cells expressing v-myb oncogene and c-myb proto-oncogcnc 
and topographic localization of their protein products in 
these cells. 

Materials and Methods 

Cells. Cell lines LSCC-BM2 expressing v-myb gene (Moscov-
ici et al., 1982) and LSCC-BK3 expressing c-myb (Hihara et al., 
1980) were grown in Dulbecco's modification of Eagle's medium 
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(DMEM) containing 8% foetal calf serum, 2% chicken serum and 
antibiotics (penicillin and streptomycin). Chicken embryo fibrob­
lasts were prepared from 10-day-old embryos and were grown in 
DMEM containing 4% calf serum, 1% chicken serum and antibi­
otics. Thymocytes were freshly isolated from the thymuses of the 
2 to 3-week-old chicken. 

Antibodies. Anti-Myb antibody (rabbit, polyclonal) recogniz­
ing v-Myb and c-Myb proteins, and antibody IL19 (rabbit, poly­
clonal) recognizing 19 amino acids of v-Myb and c-Myb proteins 
were obtained from Dr. M. Dvořák of this institute. 

Electron and immunoelectron microscopy. Ultrastructural stud­
ies and immunoelectron microscopy were performed as described 
previously (Štokrová et al., 1995). 

Results and Discussion 

Morphological features of the cells expressing myb genes 

LSCC-BM2 and LSCC-BK3 cells represent avian hae­
matopoietic cells transformed by avian retroviruses and 
expressing the v-myb and c-myb genes, respectively (Mos-
covici et al.. 1982; Hihara et al., 1980). The morphological 
features of these cells were studied and compared with those 
of control cells where myb genes arc not expressed (thymo­
cytes, chicken embryo fibroblasts). 

Expression of the v-myb oncogene and c-myb proto-on­
cogcnc in LSCC-BM2 and LSCC-BK3 cells, respectively, 
led to distinct morphological changes of the cells when com­
pared with those observed in control avian cells. 

A typical structure of a thymocyte cell is shown in Fig. 1. 
In ultrathin sections, the nucleus exhibited a moderately ir­
regular shape and contained usually two or more nucleoli 
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of compact appearance. Chromatin was sometimes highly 
condensed with perinuclear localization. Nuclear envelope 
was made up of two membranes with a perinuclear space 
between them, whose width (about 0.03 (im) was somewhat 
irregular. No changes in cytoplasm area were observed in 
most of the cells. 

The morphology of LSCC-BM2 cells expressing v-myb 
gene was different when compared with thymocytes and 
fibroblast cells. The nucleus of LSCC-BM2 cells was of 
normal size but usually of irregular shape. It contained one 
or two compact nucleoli in some cells (Fig. 2), but, in con­
trast to the control cells, large unravelled nucleoli with typ­
ical interstices were present in about 50% of LSCC-BM2 
cells (Fig. 3). Small nucleolar structures were sometimes 
localized in the periphery of nuclear membrane. Perinucle­
ar localization of  condensed chromatin was relatively fre­
quently observed, suggesting functional inactivation of some 
cells. Nuclear envelope formed by two membranes revealed 
significantly reduced perinuclear space between them (ap­
proximately 0.015 |j.m). In the cytoplasm of LSCC-BM2 
cells, extensive vacuolization was observed in most of the 
cells. Structurally modified mitochondria were sometimes 
found. 

On the other hand, the effect of c-myb proto-oncogene 
expression on cell structure of avian cells was different when 
compared with the v-myb gene expression. In contrast to 
LSCC-BM2 cells expressing the v-myb oncogene, LSCC-
BK3 cells expressing the c-myb gene revealed distinctly 
enlarged nuc leus ,  in mos t  cases  of  i r regular  shape  
(Figs. 4, 5). Nuclear envelope was formed by two mem­
branes which were less distinct in LSCC-BK3 than in LS-
CC-BM2 cells delimiting the perinuclear space to 0.01 — 
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0.015 (am. The nucleus usually contained only one mark­
edly enlarged nucleolus (Fig. 4), often extensively unrav­
elled (Fig. 5) with apparent interstitial area. Nucleoli with 
nucleolonemas were observed in some cells. Condensed 
chromatin was mostly found near the nuclear membrane, 
however, it was homogenously spread in the nuclear space 
in some cases. Vacuolization of LSCC-BK3 cells was much 
less when compared with LSCC-BM2 cells but higher than 
in control cells. Vacuoles were usually not round-shaped in 
this case, but rather of irregular shape. The viral particles 
were often either in vacuoles or in the periphery of cells 
(Fig. 4, arrow). 
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A r r o w  indicates clusters o f  Au-marker, arrowhead indicates labelling o f  
nuclear membrane (bar = 100 nm). 

As reported earlier, the expression of v-myb and c-myb 
genes in the inseet cells was accompanied by quite different 
stuctural changes (Štokrová et al., 1995). The basic differ­
ence was apparent in the size of nucleus and especially in 
the size and structure of nucelolus. The extremely large 
nucleus of insect cells expressing the v-myb gene was prob­
ably due to overexpression of this gene in the baculovirus 
system. The expression of the c-myb gene which was three 
times lower than that of  v-myb gene, as revealed by immu-
noblot analysis, was not accompanicd by such increase of 
nuclear content. However, the enlargement of nucleoli ap­
pears in both avian and insect cells. This is an accord with 
published data that nuclcar size is greater in progressing 
malignant cells of mammals (Wachlcr and Stahl, 1993) and 
that nucleolar morphology is often aberrant in cancer cells. 
Ring-shaped nucleoli typical for cancer cells (Busch and 
Smetana, 1970) were detected frequently only in the insect 
cells (Štokrová et al., 1995). 

It is well known that the morhology of avian and insect 
cells differs substantially. Also the expression of my b genes, 
postradiational modifications and cellular transport of their 
protein products are different in both types ofcclls. Howev­
er, the comparison of both types of cells expressing myb 
genes with corresponding control cells (not expressing »iy/) 
genes) revealed that the expression of these genes was acom-
panicd by significant changes in ccll morphology. The ob­
served differences in response of avian and insect cells sug­
gest different interactions of the myb gene products with 
structural components of the two cell types. 

Topographic localization of v-myb oncogene and c-myb 
proto-oncogene products 

Localization of myb gene products in avian cells was stud­
ied by immunoelectron microscopy. v-Myb protein was de­
tected in the nucleus of LSCC-BM2 cells similarly as de­
scribed before in other cell types (Boyle et al., 1984; Klemp-
nauer et al., 1984). This protein product was found predom­
inantly in interchromatin regions of the cell nucleus (Fig. 6). 
The collodial gold marker was distributed mostly in clus­
ters and it was usually associated with interchromatin gran­
ules (Fig. 6, arrow). It is well known that many biological 
macromolecules involved in transcription and splicing proc­
esses are found in these nuclear structures (Puvion et al., 
1984; Turner and Franchi, 1987; Gottlieb and Steitz, 1989; 
Spcctore/ al., 1991). Interchromatin granules are apparent­
ly involved in ribosomal biogenesis, however, their exact 
function still has to be elucidated. Although most of the 
label was detected in the interchromatin region some mark­
er clusters were associated also with the nuclear membrane 
suggesting some interaction of v-Myb protein with nuclear 
matrix. 

There was found no basic difference in the topographic 
localization of c-Myb and v-Myb protein products. The dis­
tribution of c-Myb protein in LSCC-BK3 cells is shown in 
Fig. 7. Also in this case most of the marker was detected in 
the interchromatin region (Fig. 7, arrow), but in contrast to 
the v-Myb protein nuclear membrane of LSCC-BK3 cells 
was more frequently labelled with clusters of gold particles 
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(Fig. 7,  arrowhead).  B o t h  v - M y b  and c - M y b  products  w e r e  
never  detected in nucleolar  structures o f  avian cells.  

A l t h o u g h  M y b  protein products  h a v e  b e e n  descr iebed to 
b e  associated w i t h  cel l  nuclei  (Boyle  et al., 1984;  K l e m p ­

n a u e r  e ŕ  al., 1984), publ i shed  data o n  their interactions w i t h  
chromatin a n d  nuclear  matr ix  d i f f e r  substantially (Boyle  et 
al, 1985;  Klempnauer,  1988;  Shen-Ong, 1990). Their  lo­

cal izat ion i n  av ian  ce l ls  m a y  sugges t  t h a t  M y b  pro te ins  p r e f ­

erably  in te rac t  d i rec t ly  w i t h  t h e  t ranscr ip t ion  c o m p l e x .  T h i s  

is  i n  a c c o r d  w i t h  d a t a  o n  a n o t h e r  p r o d u c t  o f  o n c o g e n e  a l so  

r e s id ing  i n  t h e  ce l ls  nuc leus ,  t h e  M y c  pro te in ,  w h i c h  w a s  

co- loca l ized  w i t h  a s m a l l  n u c l e a r  r ibonucleopro te in ,  ra i s ­

i n g  t h e  poss ib i l i ty  t h a t  t he se  n u c l e a r  cons t i tuents  m a y  f u n c ­

t ion  in  r e l a t ed  p roces ses  (Spec to r  et al., 1987).  However ,  

s o m e  in te rac t ion  o f  M y b  p ro te ins  w i t h  n u c l e a r  m e m b r a n e  

o f  av ian  ce l l s  w a s  a l s o  detected,  sugges t ing  poss ib le  c o o p ­

e ra t ion  w i t h  n u c l e a r  ma t r ix .  S o m e  n u c l e a r  ma t r i x  p ro te ins  

a r e  k n o w n  t o  p l a y  a r o l e  o f  t ranscr ip t ion f a c t o r s  ( G u o  et al., 

1995).  
Topograph i c  loca l iza t ion  o f  M y b  p ro te ins  i n  av ian  ce l ls  

is  subs tant ia l ly  d i f f e r e n t  from t h o s e  f o u n d  i n  insec t  ce l l s  

i n f ec t ed  w i t h  r e c o m b i n a n t  bacu lov i rus  con ta in ing  v-myb o r  

c-myb g e n e s  (Štokrová  et al., 1995). W h e r e a s  our  data ob ­

t a i ned  o n  i n sec t  ce l l s  i nd ica ted  p re fe ren t i a l  in teract ion o f  

M y b  p ro t e in s  w i t h  nuc l eo l a r  s t ructures ,  the i r  in terac t ions  

w i t h  o t h e r  c o m p o n e n t s  w e r e  m u c h  less  intensive.  D e s p i t e  

b a s i c  d i f f e r e n c e  i n  s t ruc ture  o f  b o t h  cel l  t y p e s  a n d  my b g e n e  

express ion ,  t h e s e  f i n d i n g s  r evea l ed  d i f f e ren t  in terac t ion  o f  

M y b  p ro te ins  w i t h  s t ruc tura l  c o m p o n e n t s  o f  av ian  a n d  in­

s e c t  cells ,  sugges t i ng  t h a t  t h e y  m i g h t  par t i c ipa te  i n  d i f fe r ­

e n t  p rocesses .  
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