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Expression of protein kinase C-alpha (PKC-«) and MYCN mRNAs in
human neuroblastoma cells and modulation during morphological
differentiation induced by retinoic acid -
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1tis known thut PRC ix differently expressed i brain and the peripheral nervous system und is invalved in eeliular differentintion. We huve anulyzed
¥ human neuronal-derived crest-cell linex for PKC-x mRINA. Seven out of nine expressed 9.0 kb and 4.0 kb PKC-2 mRNAS, but (hree hud high
level off 9.0 kb transeription. The different expression of the two messenger RNAS may result from alternative splicing and x different degree of
cell maturation. The sume eell linex were studied for MYCN gene expression. A possible relation between the twe genes is discussed. One cel)
Hine expressing high levels of bath PKC-4 mRINA was treated with 107F M retinole acid (RA). The expression of bath messenger RNAs was sup- ,
pressed when the eells achieved # marphologicul differentation und showed neurite-like processes. A deerease of PKChu gene expression was assos
ciated to down regulation of MYCN mRNA. These preliminary results suggest that PKC suppression of PK.C-x mRNA i3 ussocinted with reversion
of the malignant phenatype, /
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1. INTRODUCTION

Protein kinase C (PKC), a- phospholipid- and
calcium-dependent kinase,-is the natural cellular recep-
tor for the phorbol ester tumor promoter (TPA)., PKC
is invelved in many functions including control of cell
proliferation [1], There is also evidence that PKC is in-
volved in transformation caused by oncogenes in vitro
{3-5] .and persistent activation of PKC has .been
associated with a transformed phenotype {6].. The PKC-
« gene is coded by multifamily genes sinceat least 3 dif-
ferent genes were isolated from bovine, rat, and human
c¢DNA libraries {7-9]. Different PKC-a mRNAs have
been demonstrated in rat and in human cells and prob-
ably the related protein have different functions
[{7,10,11]. In the rat at'least two different mRNAs of 9.0
and 4.0 kb have been identified and their different ex-

pression in various anatomical regions suggest distinet. -

functions.-[10]. Northern blot analysis shows PKC-ax
mRNA in the brain and in the spinal cord of the rat and
in the brain but not in the spinal cord of the monkey
(reviewed in [1)). .

We have investigated the PKC-« gene expression in 9
human neuroblastoma cell lines; a neuroblastoma being
a tumor derived from the neuroectodermal tissue-which
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very often expresses MYCN oncogene. Two PKC-a
mRNAs, respectively of 9.0 and 4.0 kb were differently
expressed in these tumor cells. PKC-o expression was
found in 7 out of 9 cell lines. To investigate if the PKC-
o expression is maintained during cell differentiation

we have also studied the expression of PKC-a in SK-N-

BE(2)C cells treated with retinoic acid (RA). In fact, it
is. known that neuroblastoma cells can be induced to
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Fig. 1. Expression of PKC-a and MYCN ‘génes in human
neuroblastoma cell lines,
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Fig. 2, Morphological change and neuritis outg”rthl‘n in SK-N-BE(2)C cells treated with 107 * M RA, A, Control; B, RA-treated, Magnifications _
40%., o : :
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differentiate in vitro employing several chemical or
natural agents [12-14). Our results show that PKCae ix
not expressed i all neurablastoma eells suggesting a
“different molecular pattern of PKC-er trunseription in
this tumeor, Moreover, PKC-a mRNA is inhibired due-
ing neuroblastomu eell differentiation and it appears
that PKC.ee is involved in neural eell differentiation.

2, MATERIALS AND METHODS

24 Cell tiney ond cell enltures
LAN:L LAWS, (pravided by Dr B, Sevger, CAY, INIR-3, [VMR-3D,
SR-N-SH, SK:MNBEIC (provided by Dr V. Ciecarone snd I
Biedler, MY GEMEN, GLCAN, and GLLIN (18212) ¢l lines
were culiured in RPMU 1840 medinm (Gibew, Scotland, URY sup-
plemented with 3% fewal ealf serum (FCS) (Giibeo, Scatland, UK.
2% peniciilin-strepomyein (Flaw Laboratories, Milana, Yaly), l%
glitamine (Gibeo). SK-N-BE(2)C (3= 10® wllm‘hsk 17 endt,
Becton-Dickinwon, NY) were treated Belee with 1077 3 RA 1Signn,
St Louis, MOJ und abierved through u contrast-phase micraseope
~until the morphotogical differentiation was achivved. The cells were
mycoplasma-free (Mycoplasma test kit Diapi, uuvhrlngcr-'\Mnnheim.
West Germany).

2.2, RNA Narthern Mot analysis ‘

RINAs were extracied l‘mm el eultures ax previously described
(L8] Briefly, 20 myg of 1ol RNA was run in o 1.2% farmaldehyde
Cagirose gel elegtraphioresis aned ransferred anmo nitracetfulose filiers
(BRL, Bethesds, USA), Bilers were hybridized with (e Rp)aCTP
Y000 mCizmM, Amersham, UR) Eve RI fragment hibeled human
PRC-ac (provided by Dr J. Knopl, Genetigs Inst.) ar 42%C with 50%%
formamide, washed and exposed 1o Kadak S-Omat film. The filters
were subsequently- boiled and hybridized again with [a-"PlACTP
MYCN 2.0 Eco RI fragment from plasmyid pUCY-N-mye (NB-19-21)
pmndul by Dr F. Alt (Columbia University, NY) andd again with
[ PJACTP 288 ribosomal RNA (FRNAY probe and finally «:\poscd
at the same conditions deseribed above, All probes were labeled with
[P PYCTP using the random priming technique [19) employing a
Multiprime DNA labeling system (Amersham, UK).

3. RESULTS

Expression of PKC-oc mRNA in human neuroblastoma
cell lines
Different neuroblastoma cell lines were tested for ex-
pression of PKC-oo mRNA. The results of a represen-
tative experiment are shown in Fig. 1.-Every cell line
tested expressed a 9 kb and 4 kb PKC-« transcript to a
variable  degree.~. " 'LAN-<§ and SK-N-BEQ2)C
_demonstrated the highest level of expression, in two cell
lines (LAN-1 and SK-N-SH) the 9 kb band was either
negative or at the limit of detection depending on the
experiment. Interestingly, the cell lines could be divided
into two categories on the bases of the relative expres-
sion of the two mRNA species. In 4 of them (GI-ME-N,
LAN-1, GI-CA-N, SK-N-SH) the 4 kb band was more
intense than the 9 kb band; in the remaining 6 the 9 kb
band was similar (GI-LI-N) or predominant. These
results demonstrated that neuroblastoma cell lines ex-
press PKC-o mRNA and differ in the relative expres-
“sion of the two main transcripts.
The same cell lines were tested for the expression of
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MYCN. The results shown in Fig. | indicate that
MYCN was expressed in but 6 of the 9 cell lines tested.
Among the MYCN-positive eells, LANI consisiently
expressed MYCN mRNA 10=30 vimex less than the
other cell lines. It is interesting that a strong expression
of MYCN way associated with the predominant expres-
sion of the 9 kb PKC-« mRNA while poor or no expres-
sion of MYCN was found in the cell lines expressing
predominantly the 4 kb PKC-ae mRNA. The same blot
hybridized 1o a 285 rRNA probe confirmed that equal
amounts of total RNA were blotted, These results sug-
gost a correlation between 9 kb PKC.a0 mRNA and
MYCN exprexsion,

The SK-N-BE(2)C cell line was selected for further
studies on the expression of PKC-e« mRNA during the
neuronal differentiation induced by RA. RA induces
differentiation of SK-N-BE(2)C cells as shown by the
induction of neurite formation (Fig. 2}, A differen-
tiated phenotype became evident. after 2 days of ex-

‘posuré to RA and reached a maximum after 5 to 7 days

depending on the experiment. The differentiation pro-
cess was associated with a concomitant decrease in the
expression of PKC-oc and MYCN mRNA (Fig. 3). The
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Fig. 3. Changes at 24, 48 and 72 h (from right to left) of the expression

of PKC-a and MYCN in SK-N-BE(2)C treated with RA. The 288

rRNA expression was used to check the amount of mRNAs loaded on
the gel,
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9 and 4 kb PKC-a¢ mRNAs were undetectable after 2
days of exposure of the cells (o RA: A deerease in
MYCN, but not in PKC-«e mRNA expression was also

observed in control cultures when they reached con-

fluence after about 3 days of culture, However, after
two days of culture a clear decrease of MYCN eoxpres-
sion in RA-treated cells relative to controls was evident.

4, DISCUSSION

Our studies on the expression of PKC.ae mRNA
demonstrated a variable degree of suppression of this
gene among various neuroblastoma cell lines, perhaps
reﬂec:ing the heterogeneity of these cells. The expres-
sion of MYCN was also variable with 5 lines expressing
high levels, one low level and 3 undetectable levels of
MYCN mRNA. However, a comparison between
MYCN and PKC-a mRNA levels in the different cell
lines indicated the interesting association between high
expression of MYCN mRNA and predominant expres-
sion of the 9 kb, relative to the 4 kb band of PKC-ox
mRNA., There are indications that the two species of
PKC-a mRNA may derive from alternative splicing
and/or processing of PKC-o mRNa-precursors and
that both species code for a 76 kDa polypepiide
recognized by anti-PKC antibodies. Our results may in-
dicate that different pathways of PKC-o@ mRNA are
predominantly utilized by individual neuroblastoma
lines. The fact that the pathway of maturation of PKC-
aMmMRNAtothe 4 kb species may also inhibit MYCN ex-
pression is an interesting possibility-that is presently
under investigation. However, a more intensive analysis
of other neuroblastoma cell lines is necessary to support
the hypothesis of a casual relanonshlp between the two
phenomena. '

A recent report indicates that PKC plays a key role in
‘the control of neural cell differentiation. Inhibition of
PKC by 1-(S-isoquinolinylsulfonyl)-2-methyl-piper-
azine (H7) is associated with neurite outgrowth in
murine neuro-2a cells and in-human neuroblastoma
cells [20,21).- Previous reports indicate that PKC is in-
hibited by treatment with RA in transformed rat cell
lines [22] and in mouse neuroblastoma cell lines [23].
We employed RA treatment to induce neural differen-
tiation of the SK-N-BE(2)C.72 h after continuous RA
treatment -the transcription of both PKC-a mRNAs
were completely inhibited and MYCN mRNA was
detectable at low levels. SK-N-BE(2)C cells changed
dramatically their morphology, and neurite structures
became evident like in the mature neuron with several
interconnections. Thiele et al. [24] and our previous
observation [25] indicated that the decrease of MYCN
gene expression was not related to RA-induced growth
arrest. Data reported here confirm that the down-
regulation of MYCN expression was associated with the
neurite formation and-neural -differentiation. More-
over,  PKC-o¢ gene expression is inhibited during
neuronal differentiation. PKC-oo mRNA decreases to
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undetectable levels during the RA-induced differen-
tiation of NB cells. We suggest that dewn-mudulation
of PKC-« gene expression is asseciated with the rever-
sion of malignant neuroblast to & more mature
neuronal-like phenotype.
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