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.The expre551on of the liver/bone/kidney-type (L/B/K) afkallne
phosphatase gene and 10 proto—qncogenes was studied in six osteosarcama

" cell lines. The amount of L/B/K alkaline phosphatase transcripts varied

. 7 : L
markedly among the osteosarcoma cell Tines and correlated with alkaline

phosphatase activities. Southern blot- analysis failed ‘tO‘ detect®
rearrangement of the L/B/K alkaline phosphatase gene’ and DNA slot
blotting found n® difference in thg gene copy hugber in any of the cell
llnes 1nvestigated.’Thus, the high level of alkaline phosphatase in some
of the -osteosarcoma cell’ li;;;; appears to result from increased’
expres51on of the L/B/K alkaline -phosphatase gene. The increased

expreSSion appears _to occur by means other than gene rearrangement or

Aamplificatlon. >

The proto-oncogenes c-sis and c-Ha-ras were expressed very weakly

v

and transcripts of the: proto—oncogenes c-mos, N-ras, C-ros, c-met were

not observed in any of the osteosarcana cdll lines. Transcripts fram the

proto—oncogenes c-myc, c—fos, N-myc, and c-raf-1 were found in all of

the osteosarcoma  cell lines, Southern_blot analysis did not detect
rearrangement of any of these four proto—oncogenes in the osteosarcaEQ

cell lines. The c-myc gene was fbund to be anplified in two of the

osteosarcoma cell lines. g
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CHA%TER Oﬁﬁ
iNTPDDUCTION_

v 3 - o - e
It‘is,the objective of this thesis to examine the expressiont of

the liVer/bone/kidney—typep(L/B/K) alka}ine phosphatase genevand several
proto—-oncogenes in osteosarcoma cell lines. 1In addition, the:genes will

be examined for changes in structure and copy number.

Human alkaline phosphatase exists in several isoenzyme forms. One

' : . p ; . ) . :
form, the.L/B/K isoenzyme, is often elevated in the serum of patients

with osteosarcoma. The tumor cells produce the enzyme, and this providés

the opportunity to study the tumor cells “for alkallne phosphatase
: 7

expression. Six osteosarcoma cell llnes werg& examined for alkallne

phosphatase act1v1ty. Any variations in alkallné‘phosphatase?act1v1ty

may be due to a number of mechanisms. One of ¢hese may be the amount of

mRNA from the L/B/K alkaline phosphatase gene. ‘RNA was 1solated frdn the
‘ cell llnes, bound to a nylon membrane, and hybrldlzed w1th a cbhNa probe_

._correspondlng to L/B/K alkallne phosphatase mRNA .Erqn thls ahy

variation in the amount of L/B/K -alkaline phosphatase MRNA among the

cel]l lines was determined. ST, ' =

Structural alteratlon of _the L/B/K alkallne phosphatase gene whlch )

affect 1ts expreSS1on may account for dlfferences 1n the level of L/B/K%”/f\

alkallne phosphatase mRNA Deletlons, translocatlons and an. 1ncrease in

gene copy number may oe detected by Southern blot analys1s.

>

phosphatase gene,igther genes may ‘also, have 1ncreased mRNA levels._ ThlS‘

tnay 1nclude the recently dlscovered proto—oncogenes.s Studles of cell

llnes and tumor material have revealed that these genes often‘yndergo

s

'} L "In addltlon to an increase 1n the mRNA fran the L/B/K alkallne ¢



/

mutations which alter théir‘transcriﬁtion rate or,giptein pro¢u¢t. This
o 7 ° . . : . H J ,

is thought to be involved in the oncogenic process. Proto-oncogenes may
5e acti&ated'by'several mechanisms,. Southe{P blot analysis can.be used
to detect4proto-on;ogégé acti%étion by}fran;locatidn, deletion, and gené
amplificatibn: RNA isolated from the osteosarcama Cél}ylines was boﬁnd
to a nyléé)nembraqe and hybréz;éd with probéévspgcific‘fbr several
,éioto—oncogenes.' TﬁoSe_;&oto—oncogen€“ having detectablé'lévels-of'RNA
were then .examﬁned‘_by' Southern blot( analysis; for. activation by

rearrangement or amplification.’



CHAPTER TWO -
" LITERATURE REVIEW

2.1 AERALINE PHOSPHATASE

The wide éistribution of alka;ine phosphatase'in nature suggests
its involvement in an essential'biological process. Alkaline phosphatase
can be found in such diverse.organisms as bacteria and mammals. Despite'
the vast amount of investigation involping,alkaline phosphatase since
its discovery early ink%he 20th century, no physiologic role has as yet
been proven. Alkaline phosphatase EE.XEEEQ is capable of catalyzing the
hydrolysis of various phosphate esters at alkagine pPH. Sevefal
phy51ologlc roles for alkaline phosphatase have been suggested. This
includes phosphotransferase action, mlnerallzatlon of bone, and solute
transport across membranes (McComb et al.; 1979) . Y
| Human alkalineﬁphosphatase is a multimeric glycoprotein localized
mainly ir the plasma membrane. Some of the highest amounts of enzyme are
observed in tissues possessing an absorbtive or transport function
(Butterworth;'1983). This includes the ihtestine, kidney, 1liver, and
j placenta. Histochemical studies demonsttate that the enzyme is
-concentrated in distinct cell reglons For exanple, in the liver,
alkallne phosphatase is observed in cells maklng up the 51nus01ds,
surface of the bile canallcull, central veins, and portal veins (Uchlda
et al., 1981). Considerable alkaline phosphataseiact1v1ty is also found
in bone, with osteoblastic cells being rich in- the enzyme and
osteoclasts displaying little enzymatic activity (McComb et al.,.1979).
JIn human >neutroph%§s alkaline phosphatase’ is localized within a

cytoplasmic granule known as a phcsp'.asome (W..son et al., 1981).

-
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Different forms of alkaline phosphatase are fdund in different
t

tissues. Stability to ‘heat, sensitivity to various inhibitors,
antigenicity, and electrophoretic mobility have been use@-to distinguish

‘three classes of human alkaline phosphatase. The three forms are

placental, intestinal, and liver/bone/kidney (L/B/K). In addition to
inter-tissue heterogeneity, alkaline phosphatase exhibits intra—tiésue
heterogeneity. Evidence suggésts intra-tissue hete’rogéneity results fram
post-translational modification sugh as addifion of sialic residues and
variation in carbohydrate side chains (Butterworth and Moss, 1966).
However, inter-tissue heterogeneity results from at least three gene

loci corresponding to the different isoenzyme types (McKenna et al.,
1979; Seargeant"and Stinson, 1979). Amino acid Jsequencing has‘ revealed
that placental alkaline éhosphatase and intestinal alkaiine phosphatase
. ¢
are 86% homologous in protein sequence (Henthorn et.al., 1987) . Whereas,
the L/B/K alkaline phosphaﬁase is 528 hamologous with L;lacental alkaline
;;hosphatase (Weiss et al.,‘1986) and 56% homologdus with intestin.al
. alkaline ‘phosphatase ‘(Hent'horn et al., 1987). Recently, cqnplementary
DNAs encoding the three human valkaline phosphatase isoenzymes have been
. A
cloned and characteriz_ed (Bergér et al., 1987; Weiss et al., 1986;
Henthorn et al., 1987). Comparison of the coding regions of the
'intestir‘xal and placental alkaiine phosphatase cDNAs. reveals a ‘DNA
sequence homology of almost 90% (Henthorn et al., 1987). It was found
.“that ther -~ is 60% homology between L/B/K aﬁd placehtai CDNAs (Weiss et
jal., 1<.5) The moge‘closely relafed placental and intestinal ﬁalkaline
éhosphe ‘ase genes have both been mapped to chromosome region 2g34-37
(Griffin et al., 198'73 , while the L/B/K alkaline phoSphatése has been

mapped to chromosome region 1p34—‘36.1 (Weiss et al., 1987).

A
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The determination of alkaline phosphatése act1v1ﬁy in’ serum or

| plasma has been described as one of the most cammonly performed tests 1n
cllnlcal blochemlstry (Moss, 1983). Its measurement in serum has been
‘used for over 50 years and ‘thought 0 mark the teglnnlng of clinical

enzymology (Fishman, 1987). Elevated serum alkaline phosphatase act1v1ty

is often 1nd1cat1ve of bone or llver disease {McComb et al., 1979). The

form of the enzyme that is. 1ncreased is dependent upon the location of

the dlsorder (McComb et al., 1979). In hepatoblllary diseases the

— —

highest serum alkaline phosphatase levels are observed in patients with

" bile stasis (Moss, 1983). Kaplan and Righetti (1970) have shownvthat

obstruction of the bile duct stimulagmas 41kaline phosphatase synthesis

4

biliary obstruction can result .in .an increase in the enzyme (Moss,

1983). Primary carcinoma of the liver and other ‘cancers metastatio to .

" the liver may also result in elevated serum alkaline phosphatase (McComb
et al., 1979). Monitoring serum alkaline phosphatase levels have been
used to follow patients with other cancers for possible liver or bone
metastasis (Mayne et al., 1987) . ' - @

Bypophosphatasia is a rare genetic disorder in which low serum
alkaline phosphatase activity is observed. Based on age of onset, the
netabollc disease has been classified into infantile, childhood, and
adult forms. Infantile hypophosphatasia is inherited as an autosomal
recessiverggéit,(MCKusick; 1978) . However, childhood hypophosphatasia is
thought to exhibit either autosomal recessive or autosomal' daminant

’transmissioa (McKnsick, 1978) and adult hypophosphatagza is autosanal

. dominant with variable penetrance‘(McKusick, 1978; Whyte et al., 1982).

-

resulting in its serum elevation. Either intrahepat;;\br extrahepatic

o

RN
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! Isoenzyme studies revealed. the presénce of alkaline pﬁosphatase'
identical to placental élkaline‘éhoéphatase in the serum of a patient
having bronchogenic carcinoma (Fishman~e£ Ql., 1968); This form of the
enzyme,, cal;ed the Regan isoenzyme, has éhbs_eqhently been opsérvéd ip
‘maiiéﬁancies ’of‘ tﬁe!itestis, ovary, paﬁé:eééi colon, lymph tissue,
| kidney; sﬁaﬁiﬁh, and blédde; (Fiéhman, 1987).  Followi- the @iscovery
of the Regan enzyme, the Nagao.isdéﬁzyme was detected i- a pa;ient’with

pleuritis carcinomatosa (Nakayama et al.,’1970);xxfhe Nagao - enzyme i;.'
‘siﬁilar,to'but distinct from'placehtal alkaline phosphatase and héé beén
called”placental—l}ke alkaline phosphatase (Fishman, 1987); It is found
. -mainly in germ cell tumors and- ovarian cancers (Fisﬁ%an, 1987) . »The
nSérum lévéis vaplaCental and.placentalflikghalkaline-phospﬁataSe are
normally very-low (Millan,_l981),‘ahd theréfgre ére USefqi,;umo:”marké:S

for tumors expressing them (Wahren et al., 1979; Van De Voorde et al.,

<

1981)., » -

~ Patiznts with Paget's disease of the bone have somé of the highes£
recotded serum alkéline phosphatase activities (Woodward, 1959). A§ with
other bone disorders displaying an increase in osteoblastic activity,
.there is an elevation of circulating alkaline phosphatase . (McComb ét.
al., 1979). Osteosaréana is a malignant tumor of bone. It is the most
common primary malignancy of bone and usually appears in the second
decade of life (Kathelséndénd;Nerubay, 1982) . When an osteosarcama is’ﬁ
of the osteogenic type, serum alkaline phosphatase activity is generally
increased (Moss; 1983). In conérast, wheﬁ an osteosarcama is of the.

o , : .
osteolytic type, serum alkaline phosphatase activity is normal or only

rz
slightly increased (Moss, 1983).

-~



The express1on of a%kallne phosphatase has been determined in a

: number of cell lines fran various mallgnanc1es (Neuwald et al., 1980;

Benham et al., 1981).‘These studies have used‘assays for enzyme activity)

and antibody assays to determine the amount and type of alkallne

phosphatase protei p:esent ‘As 'yet, no studles have been performed to

examine. the level of alkaline phosphatase gene transcripts in tumor cell

lines. Wlth the cloning of CDNAs corresponding to the three gene loci\

2
for the alkaline phosphatase 1soenzymes, it is now p0851b1e to determine

vthe levellof transcription of these genes in tumor material and cell
{-

~lines.

2.2. PROTO-ONCOGENES | 8 - . -
Much effort has been spent on a search for a‘canse of cancer. This
has inciuded stndying the mechanism of ‘action of carginogens. It became
evident that ‘most carcinogens initiate cancer by théi?_aCtion on DNA.
That is, they cause mutations which lead to tumor formation. Carcinogens_l
include certain chemicals and radiation‘as well 25 viruses which affect
cellular gene expression. The first tumor virus to be discovered was the
Rous ”Sarcoma.fVirus (RSV) (Rous, 1911). In the vears following -its
disco&ery,few virnsesrhaving the ability to indn animal tumors were
observed, and the notion of virnses as a major ca:::t;% cancer received
1ittle attention. ‘ The lack of .viral particles “in most tumor cells
prevented yinvestigators from a;;:epting vivruses’ ‘?as a nxajor cause of
cancer. However, it has been found that viral genetic materia;\Lsy be .
inserted into the host genome W1thout the production of viral particles
(Sambrook et al., 1968). Therefore, the absence of v1ral particles

cannot be taken as ev1dence against a viral origin of cancer. .
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- Today two groups of cancer céusing viruses are kno;n. 'Onéugroup'
with its DNA genome inbludes the papdvavirus, adenovirus, and herpés‘
virus. The:othertéroup consists_of the retroviruses'with'théir RNA
genome. Investigatioﬁs of,'_”retrnviru;ses found_fhat' the viral gename
becomes integrated into the gennme of the host cell. The:virallgenes are
then expressed causing the cell to became neoplastic (Oda and Dulbecco,
1968) . Further studies reveaied tnat the change was caused by a viral
trénsforming gene (Vogt, 1977). This géne being foréign, wns thought to
be detrimental to tne normal fumctioning nf/the‘host cell and when

\

expressed causes tumor formation.

%

Using\ radioactive probes homologous to the virai ﬁranstrming
‘ ;genes if was found that the genes ére not viral genés, but rather are
cellular genes (Stehelin et al., 1976). The geneé Yere also-shown‘ﬁo
exist in uninfected animals (Spector et 'al., 1978).\ fhe retroviral
transforming genes, known as viral bnéogenes (v-onc) , Lnder the
direction of viral transcriptional control elements léad to‘ﬁznplastié_
transformation. The DNA sequences homologoué to the ngné geneé and
foundtﬁn uninfected normal cells are termed proto—oncogenes prfée}lular
oncogénes (c-onc) . ~Proto-oncogenes that are mnpated and act in a
dominant manner to transform cells are known as oncogenés;
Protn—oncogenes are belieyed to be aocquired by retroviruses through
recnmbination events between the gename of tne infecting virué‘and that
of;thé host cell (Bishop and Varmns, 1982); ' %“ _
The v-onc present in-the RSV is called src. The RSV belongs to a
group of oncngenic viruses known as acute tranéﬁorming viruses. These

viruses are capable of inducing tUmors after a short latent period. The

' isolation of RSV mutants that are temperature sensitive (ts) for



transformation prov1ded evidence that RSV.produces a protein whlch leads
to tranformatmon (Martin, 1970). The RSV tS.mutants are capable of
repllcatlon at 35°C and 41°C. ‘When cells are infected at 41°é they are
not transformed, however, whenﬂplaced at 35 C they becane transformed
(Maftln, 1970). Furthermore, when returned to 41° C they assume a normal
morphology (Martin, 1970). This demonstratés that the src gene‘product
is necessary for transformation and maintenance. i

About 40 different .proto—onoogenes-'and' oncogenes have been
discovered (Bishop, 1987}. Some of these are related and form groups.
They are found in a variety of species from yeast to man. Studieslon
Drosophllla have shown the 'presence of such proto—oncogenes as c-ras

(Neumann—51lverberg et al r 1984), c-erbB (Lineh et al., 1985), and

c-myb (Katzen et al., 1985). That proto-oncogenes are highly. conc2rved

in metazoan evolutlon suggests they are involved in essential cellular.

functloas 3

The proto_oncogenes and there products fall into four oeneral
categorles based on their subcellul&r locallzatlon, biological and
b10chem1ca1 properties. The four categorles are protein kinases, nuclear
proteins, guanosine triphosphate (GTP)}binding and hydrolyzing proteins,
_ and growth factors and ‘their receptors.
One of the firstfoncogene products to be identified as a protein

kinase was the src gene product. It was found to have the ability to

transfer phosphate from adenosine triphosphate (ATP) to tyrosine

residues in proteins (Hunter and Sefton, 1980). ~Most members of the -
protein kinase family of oncogenes have phosphotyr061ne kinase

act1v1ty, while a few - ((mos and raf) phosphorylate serine or threonine

resyﬂﬁi\. Phosphorylation of tyrosine residues normally represents only
'\y—*"‘", . .



'1984) . The v-src g-n< product. cax} increase tyrosine phosphorylation by
10 fold (Cooper c al., 1986). It is possvible that the&abnormal‘ level of
phosphorylation may disturb 'normal cellular processes resulting. in
transformation. |
Some proteirls encodedf.by oncogenes are located within the nucleus.
.Th'i‘s suggests "t‘:hey may be involved in«the control of gene‘. expression by
affec;:ing transcr_iption and may also have an infiluen'ce oo -DNA
~replication. One oncogene, c-myc, which has been studied exrensively may

S .
be involved in both regulation of gene expression (Kingston et al.,

A

1984) ahd DNA.synthesis (Studzinski et al.,‘ 1986) . Other‘oncogenes such
as c-fos -have been implicated as having ’a transcript;ional
trans—JaDc\tivaition function (Setoj'ama et al., 1986).
| ' :The _ra_s gene family makes up another category of proto-oncogenes.
To date three c"—ras oncogenes have been d‘escribed,; c-Ki-ras, c-Ha-ras,
and I‘i‘ﬁi‘i “ The ; ras genes encode proteins which bind and hydrolyze GTP
(Shih et alw., 1980) The ras protems are located on the inner surface
of the plasma membrane and have structural features in common w1th other
G'IP-bmdlng pr‘o{:e;nsax:;(LRosch, 1987) ., It appears that these genes are
involved in .th‘e' "E:rarzsductlon of exogenous signals (Gordon, 1985) .

The fourth categkry of proto-oncongenes consists of those th:.ch
encode for proteins that are growth factors or growt.:hb factor receptors.
Analysis of the v-sis op_c‘@ene p_roduct revealed its ‘c-lose similarity
with the platelet-der ived growth %a;:tbr (PDGF) and was found to be
derived from the gene or genes eneodirng for PDGF (Doolittle et al.,
19,;}83)'. The PDGF is releas.ed.fra‘n ‘storage following blood vessel injury

and then 13;ays a role in tissue ‘repair by stimulating the proliferation

! -

S

.13 of the ‘phosphorylapion of serine or threonine residues (Hunter,
/ . eer,
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of fibroblasts (Gordon et al., 1985). The PDGF binds to a growth factor

receptor which propogates the signal to within/gge cell. The receptor to
which a growth factor binds may also be encoded by a proto-oncogene. One
example is the epidermal growth factor (EGF) receptor. It is believed

the EGF recepﬁor is the product of the erbB proto—-oncogene (Downward et

al.( 1984) . /(,~,

If normal cells contain proto-oncogenes.how is it that these genes

become involved in oncogenesis? With recent advances in molecular
7’
biology it has become possible to identify molecular events involved in

-tumor development.. Proto-oncogenes can be activated to an oncogenic form

by a number of means. This 1ncludes the transduction of proto—oncogenes

into the genome of retrov1ruses, 1nsertional mutagenesi¥%, chramosomal

_translocation,vdeletions, point mutétions, and oncogene amplification.
Oncogenic retroviruses belong to one of two types, the acute

N
. %
transforming wviruses and the slow transforming viruses. The former,

11

which includes the RSV, are capable of transducing proto-oncogenes int?

their genome. This often results in alteration of the ‘proto-oncogene,

' <(Varmus, 1982). The v-onc gene activity is increased since it is now

kS

repeat (LTR) {Bishop, 1987) . Both the increaszd level of transcription

and sEructural mutation of the onocogene may  be necessary for its

?and which may then be reinserted 1nto the host gename in prov1ra1 form’

" under the control of the viral regulatory sequences in the long terminal -

. L}
transformation ability (Shalloway et al., 1984). The slow transforming

retrov1ruses do not possess oncogenes and act by means bﬁ>1nsert10nal

-~

mutagenesis (Bishop, 1987). - In the host cells they replicate‘ and

reinsert their genomes in prov1ra1 form into the host genama. After a

long latent per{oo transformation may- occur if the provirus is
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‘
integrated in the vicinity of a proto-oncogene. The proto-oncogene is
activated thrqugh-the action of the proviral regulatory elements within
the LTR (Hayward et al., 1981).

Most human cancer cells have chromosome abnormalities. In certain

cases specific chromosomal alterations are associated with specific

12.

types of cancer. One such case is\the récipmocal translocation between

chromosomes 9 and 22 to form‘the Philadelphia chramosome present in most
chronic myelogenous leukemias (Nowell and Hungerférd, 1960; Rowley,
1973) . The c-abl proto-oncogene is located on the end of the long arm of
chromosome 9 and becpmes translocated to the break point cluster region
(bcr) of chromosome 22 (De Klein, et al., 1982). Translocation of the
g-abl gene to its new 1lo ti;h results in its activation. Other
chromosome  abnormalities may also result in activation of
pro;o~oncogenes; Some cancer cells have an iﬁcfease‘in the number of
copies of oncogenes through amplificatioh. When amplifications are found
within a chromosome they appéar=aslhomogeneously staining regions (HéRs)
(Beidler -and Spengier, 1976) . However, the amplified DNA sequences may
be found in small chrémosgmes called double minutes (DMs) (Beidler and
Speigler, 1976) . Amplification of specific'DNA sequences 1is a phenamenon
common in'éukafyotic cells., It may be;a purposeful event involved iﬁ
normal development. For example, the ribosomal genes are amplified in
Xéndguslggcytés at a time when a large num >r of tibosomes are needed
for rapid protein synthesis following fertilizatién (Brown and Dawid,

1968). Amplification of proto-oncogenes is thought to be an importént

mechanism of some proto-oncogenes. The N-myc and c-myc genes are the -

most frequently amplified oncogenes among the cell lines and tumors

studied thus far (Gordon, 1985). A recent study has indicated that gene
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amplification ‘may be-an important mechanism for tumor cell -invasion
{Bevacqua et al., 1988). B N ' |
Somatic’ structural mutations, such as point muta“tions, may * also
result in the activation of proto—pncogenes. | This is exemplified by the
ras gene family. Using DNA transfectlon studies thlS family of dgenes was
the first to be 1dent1f1ed as belng activated by a single nucleotlde o
change (Bishop, 1987). In human tumors t;he E genes have been found to
be activated by point mutations at codon 12 or codon 61 (Reddy"e\t all.,‘
1982) . Point mutations in the‘,--c—Ha—E gene provide.jit with transforming
ability, whereas, the normal 'c—Ha—-&e proto—oncogene is not capable of
transformation (Reddy et al., 1982) . To obtajm the ability to transform‘\"
other oncogenes may require further mutatlons such as deletions or
rearrangements (Hunter, 1987) Other oncogenes may . require other

. mutations in addition the pont mutations to obtain the ability tok

t;ansform. This may include déletions or rearrangements (Hunter, 1987) .



CBAPTER THREE
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3.1 TISSUE CULTURE . o

The osteosarcoma cell lines Saos-2, HOS (TESS), MG63, U20S, and
G-292 were obtained from the American Tiifée Cuiture Collection (ATCC),
and the KT005 os-teosarc&ma cell = line was provideg} by Dr. Takashi
Nakamura; The cell lines were feceived en dry ice, thawed at 37OC,‘and
resuspended in the appropriate.cultue medium:. Cell lines KT005 aﬁd U20S
were maintained in minimuf essential medium, ‘alpha ﬁodification
supplemented with loéi\fetel vboviﬁe serum, 1% L-glutamine, and 1%
pehicillin—streptomycin.\\Saos—Z,"M§63, and HOS .(TE85) cell lines were
g%gwn in minimura essentiai medium, Dulbecco's medification supplemented
with 10% fetal bovine serpm, 1% L-glutamine, and 1%
penicillin-streptomycin. G—?92 was cultured in McCoy's 5a medium
supplemented with 10% T}etal bovine serum, 1% L-glutamine, and 1%
Q;Eeggfi}1in—§trep£omyein. The cell lines were growﬁ et.57OC in a.moist
atmosphere (95% relative humidity) of 5% carbon dioxide. Once the cells’
reaehed near ,confluency the medium was changed and the cells removed
- from the tissue CQlture flasks with trypsin-EDTA two days later. The
cells wére pelleted by centrifugation and used inﬁediately or stored at

-70%¢.

3.2 ALKALINE PHOSPHATASE ACTIVITY"
Alkaline phosphatése 4activity- was determined @& described by
-Stin§on (1984).\ Cdlls pelleted from tissue culture were washed twice in
/ ’ : ‘

10 ml of rinse solution (10 mM Hepes, pH 7.6; 10% glycerol, v/v; 1 mM .

14
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maguesimn chloride; 0.1 mM zinc chloride). The cells were centrifuged,
the supernatant removed, andjresuspended in 1 gyl of fresh rinse SOlUthn
oontalnlng 1% Trlton.X—IOO (v/v). The cell suspen51on was centri‘uged
and the supernatant’ removed. Alkaline phosphatase activities were
determined by spectrophotometrically (Varian 2200, 404 nm) measuring the
“release of para-nitrophenol fram para-n1trophenylphosphate at 30°C in a
solution of 10 mM para-n1trophenylphosphate, 1M ethylamlnoethanol {pH
10.3), and 1.5 mM magnesium chloride.
. : : y

3.3  NUCLEIC-ACID EXTRACTION

3.3 a) RNA

RNA was isolated by the guanidinium isothiocyanate method as
described by Maniatis et al. (1982). To .the cell pellet 5 volumes' of
lysis solutlon (4 M guanldlnlum 1soth10cyanate- SmM sodium citrate, pH
Z .0; 0.1 M 2—mercaptoethanol; 0. 5% sarkosyl) was added and followed by
vigorous mixing. One graﬁ of CsCl was added to each 2.5 ml of homogenate
and layered onto avl.Z\ml CsCl cushion. The RNA was sedlmented,using a
TLA 100.3 rotor (Beckman) .for 4 hours at 90,000 rpm. The supernatant was
dlscarded aﬁa\the RNA pellet dlSSOlVed in 10 mM Tris-HC1 (pH 7.4), 5 mM
EDTA, and 1% SDé The RNA was then prec1p1tated by the addition of 0.1
volume of 3 M sodium acetate (pH 5.2), 2.2 volumes of cold 95% ethanol, -
and overhight storage at -20°C. The RNA was recovered by centrlfugatlon,
washed with 70% ethanol, and stored in low TE (10 mM Tris-HC1, pH 7.5

and 1 mM EDTA, pH 8.0) at —70 C.

. \
-
\ ‘ - . . :
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3.3 b)"\\DNA

N\, o “
Ay High Tplecular welght DNA was prepared by adding 2 ml of hlgh TE )
to the cell pellet, m1x1ng, and-adding 2 ml of lysis solutlon (0.2% SDS, .
200 ug/ml of'protelnase K in high TE). Th1§ solution was'lncubated
overnight at 37°C and. extracted three times with phenol and three times

with chlorofofm;isoamaylaleohol (24:1) . 'DNA‘was precipiatated with 0.1

vOlume‘of 3 M sodiumwaqetate (pH 5.2), 2.5 volumes of scold 95% ethanol,

16

~and overnight;ytorage at -20°C. The DNA was pelleted by centr1fugatldn

drled under vacuum, and stored in low TE at —20 C.

-

~

~ 3.4 DIGESTION WITH RESTRICTION-ENDONUCLEASE | L

;Restriction endonucleases were used as suggested by the
- S S
manufacturef. Typically 1 ug of. DNA was dlgested in a 20 ul volume w1th

3 units.of enzyme at 37 C for 5 to 8 hougiik‘ Reactlons‘were'termlnated

by the addition of‘EDTA (pH 8.0) to a final concentration of 10 mM.

3.5 GEL ELECTROPHORESIS

<~ B : ‘ i
3.5 a) RNA - : \ '
RNA was electrophoresed througp ~a denaturing agarose geli}aé

o

- described by Maniatis et al (1982). Fifteen»mlctogréﬁs,of tptel RNA was

dissolved in 50% formamide, 6% formaldehyde and 1 X gel running buffer °

.

(0.2 M morpholinoprppanESulfonic acid, 50 mM sodium‘aeetate, SmM EDlA).

The RNA samples were incubated at 60°C'for 20 minutes and-cboled‘on ice.

Tracking dye (50% glycera? 1 mM EDTA, 0. 4% branqphenol blue, and 0.4%

: xylene cyanol) was added and the RNA' samples loaded onto a horlzontal'

e ,
slab gel apparatus contalnlng 1% agarose(‘(BRL, ultrapure), 1 X gel_

-

—_—
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running buffer, 6% formaldehyde, and 0.5 ug/ml ethidium bramide. The gel“

was run for 6 to 8 hours at €7 volts in 1 X gel running buffer
- containing 0.5. ug/lehidium - mide. The. électrophoresed RNA was
\}isualizéd with a long wave UV transilluminator and photographed with a
Polaroid camera (Fotodyne mounted) using Polaroid 667 -f_ilm.
3.5b) DNA

Restricted genomic DNA was precipitated with 0.1 volume of 3 M

sodium acetate (pH 5.2), 2.5 volumes of cold 95% ethanol, and bvernight

sltorage”at -20°C. The DNA wasvpélleted by centrifugation and resuspended

in watei with tracking dye (0.1% xylene cyanbl, 0.1% bramophenol blue, .

50 mM EDTA, and 50% sucrose). The DNA was electrophoresed on a
‘horizontal submerged agarose gel. The gel contamed 1% agarose (BRL,
ultrapdfe)‘ 1X TAEi (40 mM Tris-base, 5 mM sodium acetate, 1 mM EDTA, pH
7.10\ , and 0.5 ug/ml ethidium bromide. The gel was run for. 12 to 14 hours
at 45 volts.- The separated DNA fragments were visualized with ‘a long
wave UV transﬂluglnator and photographed with a Polaroid camera

(Fotodyne mounted) using Polaroid 667 fllm.
3.6 TRANSFER TO NYLON MEMBRANES

3.6 a)  NORTHERN TRANSFER |

After electrophoresisbof the RNA samples, they were transferred to
GeneScreenPlus (Dupont NEN) followmg the method described by Manlatls
et al. (1982) with modifications. The gel was soaked in several changes
of water for 5 minutes. The gel was then soaked in an excess of 50 mM

NaOH arnd 10 mM NaCl for 45 minutes. This was followed by neutialization



by .soaking the gel in 0.1 M Tris-HCl1 (pH 7.5) for 45 ndnutes; After
neutralization, the gel was placed on a wick consisting of 2 sheets of
Whatman 3 MM paper saturated with transfer buffer (1.2 M NaCl, 2.4 M
-Tris-base, 80 mM EDTA, 1 M ammonium 'acetéte) and overlaid with

1Y

GeneScreenPlus transfer membrane. Six pieces of Whatman 3 MM paper were

18

placed on the membrane and a 7 cm stack of paper towels topped with a 1

Kg weight. The transfer was allowed to proceed for 16 to 24 hours, after

which the membrane was soaked in 2 x SSC (0.3 M sodium chloride, 40 mM

EDTA) for.S minutes, airldried, and baked at 8OOC in a vacuum oven.

3.6 b)  SOUTHERN TRANSFER

DNA fragments electrophoretically separated on an agarose gel were
transferred té GeneScreenPlus (Dupont NEN) according to the method
described by Mason and Williams (1985) with modifications. Following
electrophoresis the gel was soaked in an excess of 0.25 N HCl aﬁd gently
sbaken for 30 minutes‘with one ;olution change. The HCl solution was

removed and the gel immersed in an excess of denatdring solution (0.6 M

NaCl, 0.2 M NaQH) for 30 minutes with gentle shaking. The denaturing

solution was then replaced with a neutralization solution (1.5 M NaCl;
0.5 M Tris-HCl, pH 7.5) and gently éhaken for 30 minutes with one
solution'cﬁange. After neutralizatibn, the gel was placed on a wick of
Whatman 3 MM paper saturated with transfer buffer and the transfer

completed as ébove»using GeneScreenPlus as the membrane.
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3.7 PROBE PREPARA@EQN
. -t

3.7 a) PLASMID ISOLATION

Oncogenes were obtained frém ATCC. They were received as
lyophilized preparations of host bacteria‘harboring plasmids inﬁo'wﬁich
the geneé‘had been inserted. The L/B/K alkaline'phosphatase cDNA cloné
was obtained from Dr. Harry Harris as an. -agar stab of host bacterla
contalnlng a plasmid into whlch the gene had been inserted.

The freeze dried material was rehydrated in 0.3 ml of Luria broth
(LB, Gibco) media and then transferred to a 250 ml erlynmeyer flask

containing 100 ml of LB media with the appropr iate antibiotic (either

- 100 ug/ml ampicillin or 25 ug/ul tetracycline). An inoculant fra@ the

agar stab was spread on an agar plate containing antibiotic and
incubate~d overnight at 37°C. A single colony was removed and placed in a
250qquyhmeyer flask containing 100 ml of LB media with Bhe appropr iate
antibiotic. The cultures were incubated overnight in a shaker incubator
at 37°C. The following day 10 ml og évefnight culture waé innoculated

into 1 litre of M9CA media (42 mM disodium hydrogen orthophosphate M

ﬁbgassium dihxsrogen orthophosphate, 86 mM sodium chioride, 19 mM

ammonium chloride, 2 mM magnesium chloride, 0.2% w/v glucose, 0.1 mM
calcium chléride, 0,2% w/v éasamin” acids) and incubated at 37° C in a
shaker incubator.’ When the optical density of the MoCca medla at 550 fim
reached 0.6 to 0 8, 200 mg of choramphenicol was added.” Incubation was
continued for 18 to 20 hours at .37°C in a shaker incubator,  Next the

MQCA culture'was chilled on ice and the éells pelleted at 8000 rpm using

a Sotvall GS3 rotor with 400 ml centrifuge bottles. The pellet was

resuspended in a 5 ml of low TE and transferred to a 15 ml corex tube.

19
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The cell suspension was centrifuged in a Sorval S$-34 rotor at 6000 r:m
for 7 mintues. The cells were then resuspended in 2 ml of cold 25%
sucrose, 50 mM Tris-HCl, and 40 mM EDTA and mixed vigorously; To the
tubes, 0.5 ml of 10 mg/ml lysozyme solution was added with gentle mixing
and kept on ice for 5 minutes. This was followed by the addition of 1 ml
of 0.5 M EDTA with chilling on ice for 10 minutes and then the\addition
of 0.2 ml of 20 mg/ml pronase also kept on ice for 10 minutes. To each
tube 8.5 ml of lysis solution (0.3% Triton X-100,' 6 mM EDTA, 0.5 mM
Tris—HCl) was added and kept on ice fer 15 to 20 minutes with occasional
inversion of the tube. A Sorvall 8—34 rotor. was used to‘centrifuge the
lysate for 60 minutes at 17,000 rpm. The supernatant was decanted into
another tube with the addition of CsCl (0.92 g/ml) and ethidium bromide
(300 ug/ml).r The solution was transferred to a Beckman Quick Seal (16 x
76 mm) ultracentrifuge tube and cenﬁrifuged for 36 hours at 55,000 rpm
in a Beckman 70TI rotor. The circular band ofvplasmid DNA was removed by .
dripping Qithha 22 gauge needle. Ethidium bromide was removed by thé
addition of 4 ml of isopropanol saturated wifh CsCl and water. This was
repeated 5 times which was followed by overnight dialysis of the plasmid
DNA against low TE. The DNA was phenol extracted 3 times and
pretipitated with 0.1 volume of sodium écetate_ij 5.2), 2.5 volumes -of
cold 95% ethanol, and 6vernight storage at -20°C. The DNA was pelleted

by centrifugatation; dried under vacuum,‘apd dissolved-in‘low TE.

3.7 b) ISOLATION OF HYBRIDIZATION PROBES
The plasmid DNA was didested with the appropriate restriction
endonuclease(s) (Table I) wusing conditions prescribed by the

manufacturer. The restriction reactions were stopped by the addition of
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TABLE I. DNA FRAGMENTS USED AS HYBRIDIZATION PROBES
Gene Fragment Size Reference
) s
L/B/K alkaline EcoRI-EcoRI 2.5 Weiss et al.,
phosphatase t 1986
Y-actin BamHI-BamHI 2.1 provided b¥
(human) Dr. R. Sasft
c-Ha-ras-1 - BamHI-BamHI 6.6 Santos et al.,
— © 1982
c-fos NcoI-xXhol 3.1 Miller et al.,
1984
c-met EcORI-EcoRI 1.1 Cooper et al.,
1984
Cc-mos EcoRI-EcoRI 2.7 Watson et al.,
' 1982
c-myc ' ECORI-Clal 1.3 Modjtahedi et al.,
o 1987 .
|
N-ras XbaI-Xbal 0.9 Murray et al.,
I 1983
N-myc EcoRI-BamHI 1.0 Schwab et al.,
v 1983
%
4
c~raf-1 . EcoRI-EcORI 1.8 Bonner et ' al.,
— 1985
V-ros EcoRI-PvuII =~ 0.75 Neckameyer and
Wang, 1984
v-sis " PstI-PstI 1.2 Robbins et al.,

1981
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EDTA (pH 8.0) to a final concentration of 10 mM and tracking dye was -

added to the reaction solution which was then layered onto a 1% low
melting point agarose gel (BRL, ultrapure, low melting point). The gel
was run in .14 room (8°C) for 6-8 hours at 60 volts. The gel and
running buffer (1 X TAE) contained 0.5 ug/ml ethidium bromide which
permitted visualization of the restrietion fragments usipg a leng wave
UV transilluminator. The appropriate fragment to be useéﬁae a probe was
excised with a.scalpal and placed in a 1.5 ml microcentrifuge tube.
Water was added at a ratio of 3 ml/g of gel. The tube was heated for 7

minutes at 100°C and then stored at‘—ZOOC.

3.7 ¢) PROBE LABELING

Radioactive probes were prepared accordlng to the ollgo—labellng
method descriped by Felnberg and Vogelstein (1983, 1984). Tﬁs reaction
mixture con51sted of 10 ul of water, 10 ul of oligo-labeling buffer
(OLB 100 ul each of the following 1. 25 M Tris—Cl, pH 7.5; 125 mM MgCl
pH 8.0; 100 mM of 2-mercaptoethanol, dATP, dGTP, dTTP; 250 ul 2 M HEPES,
PH 6.6; and 150 ul oé hexadeoxyribonucleotides all suspendea in.low TE) ,

2 ul bovine serum albumin (10 mg/ml), 22 ul of DNA probe solution, 5 ul

dcTp (a—P,,EOOO Ci/mmole, - 10 uC1/ul), and 2 units of DNA polymerase I.

large fragment. The reaction was ;erminated'by the addition of EDTA (pH
8.0) to a final concentration of 10 mM. 'Tracking dye‘was added and the
reaction rﬁixtureH loaded into*“a Sephadex é—SO (medium grain) column
equilibrated with low TE. Following separation of the -radioactive DNA
from unincorporated radioactive nucleotides, l‘ul of.p;obe solution was
blotted onto ekélassvfiber filter and washed twice with 15 ml of cold

(4Oé) triehloroacetic acid_ahd twice with 15 ml of cold (-ZOOC) 95%
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ethanol. The filter was dried and placed in a scintillation vial
contadming 15 ml of scintillation'fluid. The ’spe'cifi‘c activity of the
labeled® probe was determined by counting with a Beckman liquid

scintillation spectrophotometer (model LSBlOO)) .
3.8  SLOT BLOTS

3.8  a) RNA "SLOT BLOTS

The fcotal RNA samples were first denatured by the addition of 56%
formamide, 6% formaldehyde, and incubating for 1 hour at 50°C. Denatured
total RNA samples were sér‘iélly diluted and ~iapplied to a slot blop
apparatus (BIORAD, Bio-Dot SF) ' using GeneScreenPlus as the transfer
ngmbraﬁe. The top slot for each sample contained 8 ug 'of total RNA with
each succeésive slot containing 6ne—half that of the previous slot.

Following application of the RNA samples the membrane was air dried and

© baked at 80°C for 2 hours.

3.8 b)  DNA SLOT BLOTS ,

DNA sldt blots were prepared by denaturing the DNA samples in‘0.25
N NaOH for lOl .mvinutes, sefially diluting the samples in 0.125.N NaOH,
and applying t_he samples to the ‘slot blot apparatus.. Tﬁe transfer
mexﬁbrane was GeneScreenPIst. The top slot of each sample'had 10 ug of
DNA with each successive slot havirig half as much DNA\a.s the previous

~

slot.



3.9 HYBRIDIZATION
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Oligo-labeled DNA probes were hybrldlzed to the membranes as

described by Anderson and Young (1985Y);1th minor nndlflcatlons. The
membranes were prehybridized in 10 to 20 ml of 2 X set (300 mM NaCl; 600
- mM Tris-base, 20 mM EDTA), 10 X Denhardt's (0.2% Ficoll, 0.2% poly&inyi
pyrrolidone, 0.2% bovine serum albuﬁih), 0.2% SDS, 10 ‘ug/ml ;onicated

and denatured salmoP sperm DNA, 100 ug/ml yeast tRNA, and 10 ug/ml poly

(&) for 12 to 14 hours at 64°C.. The prehybrkﬁzatidg solution was

removéd and 12 to 20 ml of hybridization solution containing.- 2 X set, 10

X Dehnardt's, 0.2% SDS, 10% dextran Sulphate; 100 ug/ml sonicated ‘and

denatured salmon sperm DNA, 100 ug/ml yeast tRNA, lovug/ﬁl'pOIy (a), and.

denatured probe. (300,000 cpm) was added. The membranes were incubated at

,680C for 20 to 24 hours. The hybridization solution was removed and the
filters washed in 2 X set with 0.1% SDS for 30 minutes at 680C; This was
followed by washing in 1 X set (150 mM NaCl, 300 mM Trié—base, 10 mM
EDTA) with 0.1% SDS for 30 minutes at 68°C. The final washes were for 15
minutes each at 68°C in 0.5 X set (75 mM Nagl, 150 mM Tris-base, 5 mM
EDTA), 0.25 X set (37.5 md NaCl, 75 mM Tris-base, 2.5 mi EDTA), and 0.1
X-Set (15 mM NaCl, 30 mM Tris-base, 1 mM EDTA) each with 0.1% SDS. The
membranes were covered in saran wrap and exposed to Kodak XAR-5 filf?for
varying periods.

Membranes were stripped of probé5~for rehybridization‘with other

probes following the method described by the manufacturer (New England

Nuclear). Membranes to which DNA had been transferred were soaked in 0.4 °

M NaQH at 42°C for 30 minutes with gentle shaking followed by soaking

under the same conditions in 0.2 M Tris-HCl . (pH 7.5), 0.1 X ssC (15 -mM

v R oy
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\sodium chloride, 1.5 mM sodium citrate) with 0.1% SDS. Membranes to
which RNA had beer; transferred were soaked for 3-5 minutes in several
changes of bc;iling 0.01% SDS and 0.01 X SSC (1.5 mM sodium chloride,
0.15 mM sodium citraté) with gentle ag:'gtation. The filters were

prehybrid;zéd and hybridized as described above.‘

3.10 DEI(ISI'IG*IETRY_ .

A densitometer (Joyce Loebl, Chramoscan 3)twas used to evaluate
the copy number of the L/B/K alkaline phésphatase "gene and
proto-oncogenes- in the DNA Samplés. Densitametric scans of the DNA slot
blot‘ autoradiog}:ams were obtained. To estimate thé relative amounts“ of

the L/B/K  alkaline phosphatase and pfoto—oncogene {:ranscripts,

densitometric scans of the RNA slot blot autoradiograms were obtained.
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CHAPTER FOUR

RESULTS ' a

4.1 - ALKALINE PHOSPHATASE
4.1 a) Alkaline Phosphatase Activity

A portion of the cells pelleted following tissue cultyre were
given to Dr. R.A. Stinson for determination of alkaline phgphataée
activity. The alkaline phosphatase agtivj,g;‘i?g‘s'//in the gSteosarcoma cell
lines are presented in Table II. The highest level of -alkéline
phosphatase activity was found inm{"Séos—Q and the lowest in U20S. The

remaining cells were used for the isolation of nucleic acids.

4.2 b) RNA Slot Blot and Northern Blot Analysis

Once RNA was isolatéd, 15 L’ig was denatured and run through a
denaturing gel as described in Materials and Methods. A photbgfaph of
the gel was taken (’Fig.ure 1) and a Nor“tlﬁern transfer performed. To
assess the integrity of the RNA the 28S:18S ribosomal RNA ratio was .
examined. The ratio w‘as.found to be 2:1 or-greater ind;cating ﬁo or
" little degradation (Figure 1). - This helped to ensure that a negative -
result would not be due to RNA degraaation, but rather aﬁ absence of
transcvripts' in the sample. Fbllowing assessment for RNA i eg)rity, 8 ug
of total RNA was denatured and applied to a trafls;fer membrane th'rough
the slot blot .appa‘ratus_ dsing the procedilre in Materials and Me’tvhods.
' The membrane was prehybridized and then hybridized with 32‘P--la_beled
L/B/K alkaline phosphétasé probe. After washing an _autoradiograph'_was

made (Figure 2). : - o v

©
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TABLE II. Alkaline Phosphatase Activity in Osteosarcoma Cell Lines

-

Cell Line U/mg Protein . Relative Alkaline
o Phosphatase Activity

HOS (TE85) 0.34 85 R .
‘ MG63 - | 0.04 10
| \rx Saos-2 27.3 6825

- G-292 | | . 5.7 | 1425

KTO05 | 1.7 250 - f

U20s v - 0.004 j 1

%
v

. 1 U =1 umole pNP produced/min



Figure 1. Fractionation of Total RNA frdm Osteosarcoma Cel% Lines.
Lane 1, Saos-2; 2, KT005; 3, U20S; 4, MG63; 5, HOS(TESS); 6,

G-292. For each cell 1line 15 ug of total RNA was denafured and
then fractionated through a 1% agarose denaturing gel. The 288

. and 18s ribosomal RNA bands with _molecular weights of 5.8 and
2.0 respéctively are shown. The 28S and 18s.rRNA bands are well

@/ defined with the amount of 28S being roughly twice that of 18S,

thereby indicating no or little degradation ?f.the RNA samples.

N
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Figure 2. RNA Slot Blot Analysis of L/B/K Alkaline Phpsphgtasé

Transcripts in Osteosarcoma Cell Lines. Lane 1, HOS (TE8S); 2,

U20s; 3, Saos-2; 4, G-292; 5, RT005; 6, MG63.
v .

Total RNA was denatured, serially diluted, and bound to
GeneSQZZenPlus. The top slot contained 8 ug of totai RNA with

each sucessive slot having half as much as. the previous slot.

,‘The membrane -was 'hybridized with 32P labeled L/B/K alkaline

- phosphatase probe. After wéshing an autoradiogram was made. H&gh

- -

levels of L/B/K alkaline phosphatasé transcripts were found in
Saos-2, G-292, and KT00S.
The same membrane was stripped of the L/B/K alkaline phosphatase

probe and rehybridizédeith 32P labeled ~vy-actin probe. Simlar

amounts of total RNA was found bodnd to the membrane for éach of

the cell 1lines. Densitoxnetr"scans of the autoradiograms were -
1 . .

obtained. (Table III).
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The dlfference in sample 1nten51t1es on the nutoradlograph may be

due tc¢ variation i . the number of L/B/K alkaline phosphatase genel

transcripts or the amount of total RNA applied forx each sample. To

confirm, similar total RNA amouhts for each sample'an "internal control"
was’used For this a y—actln probe for the Y—actln gene was used. The
,membrane was stripped of the. L/B/K alkallne phosphatase probe and
‘hybridized with 32P—labeled Y-actin probe. The autoradlograph for the
 same membrane using the Y—actin probe is shown in Figure 2. A
dehsitometer was used’to scan.the'intensity of hybridization for both
the L/B/K alkalihe ‘phosphatase pfobe and the y-actin ptobe when
hybridized to the membrane (TableAIII). The amount of total RNA fot each

sample varied somewhat as inditated by the actin scans. Variation in the

amount of RNA to the membrane was corrected by determining the amount a .

sample's optical densitg had to be increased to equal the nighest semple
optical density. The optical densities for.the eorreSponding samples on
,the L/B/K elkaline'phosphatase hybridized membrane were then increased
hy' the appropriate‘amount. hIn(;able I1I the‘corrected-densitametric
scans‘are'Seen. The largest amount ot L/B/K alkaline phoephatase gene
transéripts‘is seen in the osteosarcana.cell line Saos;ZVand the" lowest
is U20sS. | |

‘A Northern blot was prepared as outlined in Materials and Methods.

Includedrin the Nofthern blot was tetdi RNA fran the osteosarcana cell

lined as well as from normal kidney. The Northern blot was prehybridized

£l

and then hybrldlzed with 32P—labeled L/B/K alkallne phosphatase probe.
The membrane was washed and an autoradiogram_made (Figure 3). _Northern
blot analysis of transcripts from the L/B/K alkaline phosphatase gene

detected as single RNA species of 3 Kb. Only those osteosarcoma cell



F o
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TABLE III. Densitometric Scans of a RNA Slot Blot Hybridized with I/B/K

Alkaline Phosphatase and vy-actin Probes. |

/ s

Cell Line Optical Dens:tty Relative Level of
: . : o J L/B/K AP Transcripts

L/B/K AP y-actin corrected

probe probe L/B/K AP
: ' probe
- HOS(TESS) 12.2 04 . 19 .3
MG63 7.0 130 8.7 1.4
Saos-2 2880 101 4619 768
G-292 180 162 180 28
KT005 54 68 . 129 .20

U205 4 101 6.4 1



N

Figure 3. Northern> Blot Analysis of 'L/B/K Alkaline Phosphatase
Transcripts in Osteosarcama Cell Linés. Lane 1, Saos-2; 2,
G-292; 3,. KT005; 4, U20S; 5, MG63; 6, HOS(TE85); 7, normal
kidney. Fifteen micrograms of total RNA was déhaturedé/
fractionated th}ough a 1% agarose denaturing gel, and
transferred to GeneScreenPlus. The membrane was hy?;iaized with
32P labeled L/B/K alkaline.phosphatase probe. The L/B/K.alkaline

phosphatase transcripts mirgrated as a 3 Kb band in the Saos;2

and G-292 osteosarcoma cell lines as wellas in normal kidney.

Transcripts were not detected for the other osteosarcoma cell

lines.
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lines having the highest amount of L/B/K alkaline phosphatase mRNA
(Saos-2 and G-292, demonstrated "by RNA slot blot analysis) and normal
kidney exhibited detectable transcripts by Northern blot analysis. A

single RNA species of the same size was detected in the osteosarcama

cell lines and normal kidney.

4.1 lc) Southern Blot Analysis and DNA Slot Blot Analysis.

4 DNA sampleé from the osteoéarcoma cell lines and control DNA
(per ipheral Ablood leukocytes) were digested with a brestrictibn
endqnuclease (EcoRI or HindIII) and fractionated by electrophoresis in
1% ‘agarose gels “(Figure 4y . The fractionated DNA samples were
transferred to‘a nembrane which was prehybridized and then hybridized

32P—labeled L/B/K alkaline phosphatase probe. The membranes were

with
washed and autoradiograms prepared.

Gene rearrangement may be detected by Southern blot analysis. if a
gene;is rearranged it may have a restriction pattern different from that
' of the control. 1In Figure 5 the DNA bands for tﬁe EéoRI digested DNA
' sémples are found. Here 5 restriction fragments are seen with molecular
weights of 13 Kb, 10.5 Kb, 2.6 Kb, 2.5 Kb, and 1.6 Kb.” The'restriction 
pattern for the L/B/K alkaline phosphatase gene is identical for the
control~and the osteosarcoma cell lines. The DNA bands for the Hind IIT
digested samples aré éeen in Figure 6. Agaiﬁ the restriction pattefh
with 4 bands havihg molecular weights of 22 Kb, 9.3 Kb, 4.6 Kb, and 1.5
Kb is the same for the contrdl.and osteosaféana cell lines. Southern
blot'anélysis,”therefore, did not detect rearrangement of the L/B/K

alkaline phosphatase gene.



Figure 4. Fracﬁibnation of EcoRI Digested Control ahd‘Osteosare@ma Cell
Line DNA. Lane 1, Hind III digested lanbda DNA; 2, Hind II/III
digested lambda DNA; 3, Control; 4, Saos-2;/5, KTOOS; 6, U20S;
7, MG63; 8, HOS (TE85); 9, G-292. TWelvg micrograms of EcoRI
diéested DNA was fractionated through a 1% agarose gel. Included
in the gel was Hind III ahd Hind IT/III digested'lambda DNA as
molecular weight standards. Molecular weights of ﬁiﬁd I1I

digested lambda DNA bands.are indicated.

=
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Figure 5. -,‘Southern Blot Anal&sis of the L/B/K Alkaline Phosphatase
Gene in EcoRI Digested'Osteosarcana Cell Line DNA. ZLane 1,
G—292; 2, HOS (TE85); 3, MG63; 4, U20S; 5, KTOO5; 6, Saos—2 7,
Control; 8, Hind JII/III digested 1 a DNA; 9, Hlnd III
digested lambda DNA. Twelve micrograms @¢f EcoRI digested DNA was
fractionated  in a 1% agarose gel and transferred to
GeneScreenPlus. The membrane was hybridized with 32P labeled
L/B/K alkaline phosphatase probe and ?P labeled Hind II/§II
digested lambda DNA.. After washing an autoradiogram was ma e,
The restriction pattern of 5.bands with the molecular weights
indicated was the same for control and osteosarcana éNA samples.
No rearrangement of the L/B/K alkaline phosphatase gene was
found. Molecular welghts of the Hind III digested lambda DNA

v
bands are indicated.
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Figure 6.  Southern Bilot Analy51s of {:he L/B/K Alkaline PhosphataSe

Gene in Hmd ITI Digested Osteosarcoma Cell Line DNA Samples.

Lane 1, G-202; 2, HOS (TESS); 3, MG63; 4, U20S; 5, gvroo?f 6,

Saos—2 7 Control; 8 Hmd II/111 dlgested lambda Dw Hind

I11 -dlgested lambda DNA. Twelve micrograms of Hind III digested

sample DNA was fractlonated in a 1% agarose gel and transferred :
to GeneScreenPlus The membrane ‘was.hybrldlzed with 32P Jabeled

L/B/K alkaline phdsphatasé probe and 32 P——labeled Hind II/III

,dlgested lambda DNA. The same restrlctlon pattern of 4 bands

wlth molecular weights 1nd1cated was found to be the same for
the control\and osteosarcoma cell lines. Molecular weights of

the Hind IIT. ngested lambda DNA bands are found on the rlght
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The copy number of the L/B/K alkaline. hosphatase gene’ was
estimated by DNA slot. blot analysisi;ifd;:deizitanetric scanning.
Osteosarcoma cell line DNA and control was bound to the transfer
membrane using the slot blot apparatus. The membrane was prehybridized
and then hybridized with 32P—labeled L/B/K alkaline phosphatase probe.

Following washing an autoradlogram was made (Flgure 7) . The membrane was

then strlpped of the L/B/K alkallne phosphatase probe and hybrldlzed

37

‘with 2P—labeled y-actin probe. The autoradiogram prepared of this

hybridization is seen 1 ‘Figcre 7. Densitanetristcans of the L/B/K
alkaline phOSphatase*aﬁh Y-actin hybridized membrane were obtalned
The optlcal dens1t1es are presented 1n Table 1IV.

For comparison purposes, 1dea11y each of the samples should have
the same amount ' of DNA bound to the nembrane. However, the 7vy-actin
‘1nternal control detected differences in the amount of DNA bound" to the

membrane Some of the samples (Saos-2, KT005, HOS) had more DNA bound to

the*fembrane while one hag’ 1ess DNA (MG63) than the control. - To correct

for the DNA dlfferences the optical densities of the y—actln controI DNA

-

H was compared to that of the cell line samples. The Optical densities of

the cell lines were increased or decreased to equal that of the control

'DNA. The optical densities of the correspondlng samples were increased

or decreased the approprlate amount for the L/B/K alkaline phosphatase
probe The corrected opt1ca1 den51t1es‘ and the L/B/K alkaline

phosphatase_gene,copy number are-found in table 1V. .Each. of the

.osteosarcoma cell l1nes appears to have the same gene Copy number as the'

'-control

S



'\\\

D

Figure 7. ‘DNA Slot Blot Analysis of the L/B/K Alkaline Phosphatase

Gene'iﬁ Osteosarcoma Cell Lines. Lane i, Control; 2, Saos-2; 3,

e

KT005; 4, U20S; 5, MG63; 6, HOS (TESS); 7, G-292.

"DNA samples were dehatUrea, Seriaily» diluted and bound to
d

- GeneScreenPlus. The top slot had 10 ug of DNA and each

successive slot had half as much as the previous slot. The
menbrane~ was hybridized with SZp-labeled I/B/K alkaline

phosphatase probe and after washing an autoradiogram made.

. The L/B/K alkaline phosphatase probe- was removed and the

membrane rehybridized with P labeled Y—aétin probe. The Y -actin
prqbe_ écted as anb internal control and indicated that thé
differences .in théx“L/B/K alkaline phosphatase hybridization.
signals was due' to the amount of sample DNA bound to the
membrane. DenSitometric -scans of the autoradiograms we;e

obtained (Table ).
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TABTE IV.

Sample

Control‘
Saos-2
KT005
U20Ss
1563

HOS (TEB5)

G-292

39

Densitometric Scans of a DNA Slot Blot Hybridized with
L/B/K Alkaline Phosphatase (AP) and Y-actin Probes

Optical Density

Estimated Gene

Copy Number
L/B/K AP Y-actin corrected
probe probe L/B/K AP

probe

121 | 41 |
246 ; 80 126 E 1
200 69 118 | 1
177 59 123 1
95 21 185 1-2
212 X 60 145 1
104 37 115 S



4.2 PROTO-ONCOGENES
4.2 a) RNA Slot Blot Analysis

"Ibtal RNA 1solated fram the osteosarcama cell lines was denatured
‘and bound to transfer membranes using the slot blot apparatus. The
membranes were prehybridized and then hybridized with radiolabeled
proto—.oncogene probes (Table I). A total of 10 proto—-oncogene probes
were uskd. After the filters were washed autoradiograms were prepared.

No ‘transcripts weres detected for the c-met, c-mos, N-ras, and c-ros

proto—oncogepes. Weak hybridiztion signals, barely above background,

were 'detected for the c¢-sis and c-Ha-ras-1 genes (data not shown).

Transcripts were detected for the c-myc, c-fos, c-raf-1, and N-myc

- proto-oncogenes. Autoradiograms of the RNA slot blots for these genes

——

,are presented in Figures i,'9/,10 and 11.

All membranes hybridized with proto—oncogene probes were stripped

and hybridized with >°P-labeled Y-actin probe. Those membranes on which

no (c-met, c-mos, N-ras, and c-ros) transcripts were observed, had

detectable levels of ~actin transcripts (data not shown). This ensured

the .negative signal was the result of lack of proto—oncogene transcripts

Aand not the absence of RNA bound to the membrane..
5

Densitometric scans of the autoradiograms for those

proto-—oncogenes hav1ng easily detectable transcripts were obtained

(c-myc, c—fos, c—raf-1 N-myc). In addition, scans of the sdine membranes

when probed: with y-actin were madje. The optical densities of these

scans are -presented in Tables V and VI. - "he autoradiograms and
densitg:\étric scans of the -actin probed membranes detected differences

in-tﬁf;e damount of RNA bound to the membranes.v This was corrected for as

o u . . .
.with the L/B/K alkaline phosphatase RNA slot blots. The corrected
P [N

ar ~

40
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- Pigure 8. RNA Slot Blot Analysis of. c-myc. Proto-oncogene Expression

in Osteosarcoma Cell Lines.: Lé‘ne 1, Saos=2; 2, KT005; 3, U20S; &

e

4, MG63; 5, HOS (TESS); 6, G—,zsé'

A. Tcgéal RNA from t?:e osteosarcoma cell lines was denatured and
serllly dlluted The top slot containeds 8 ug of RNA and

successive slots contalned half as much as the previous 'slot..‘

The membrame was hybridized with 32 labeled c_—me probe arTcTL
after wasbing an autoradiogram made. —mye transcripts were
detected in all of the osteosarcoma cell llnes S

B. The c—myc probe was removed and the: membrane rehybrldlze('d ;\llth“.

.32_P labeled y-actin probe. 'I‘he Y—actin probe has shown near

equal amounts of total RNA bound to the membrane for each of the

osteosarcoma cell lines..- Densitometric scans to  the

autoradiograms were obtained (Table V). .
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Figure 9. RNA Slot Blot Analisis of c-fos Pr?td—oncogene Expression
in Osteosarcoma Cell Lines. Lane 1, Sao§—2; 2, KT005; 3, U20S;
4, MG63; 5, HOS (TESS); 6, G-292.
A. Total RNA from the osteosarcama cell lines was denatured,
Hserially diluted, and bognd to GeneScreen?ius. The top slot
';é%‘ céntained 8 ug 'of RNA and sﬁccessive slots had half aé much aségw
Yo the previous slot. The membrane was hybridized with 32p jabeled
cigggﬁprobe and after washing an autoradiogram made. c-fos
transcripts were detected in all of the osteosarcqma cell lines.
B. The c-fos probe was removed and thé membrane rehybridized with
32P labeled Y-actin probe. The Y-actin probe has shown near
equal amouhts of total RNA bound to the membrane for each'of the
osteosarcoma cell lines. Therefore, the 1level of c-fos

expression varied between the cell lines. Densitometric scans of

. 5
the autoradiograms were obtained (Table V).
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Figure 16.‘ RNA Slot Blot Anaiysis of N-myc Proeoeoncogene Expression
in Osteosarcoma Cell Linee. Lane 1, Saos-2; 2, KT005; 3, UZOSf
4, MG63_; 5, HOS (TEB5); 6, “m292. '

A. Total RNA from tﬁe. ost-osarcoma cell//lines was denatured,
serially diluted, and bound to GeneScreenPlus. The top slot
contained 8 ug of RNAIand successive slots/%ad half as much as
the pfeVious slot. The membrane was hybrldlzed w1th P labeled -
N-myc. probe and after wasblng an autoradio Qam nade N myc
transcripts were detected in all ofgthe osteosafcoma cell llnes.

B. | The N-myc p;obe was removed and thi membrane rehybridized with

32P labeied Y-actin probe. The Y-actin probe has shown near
: equal amounts of total RNA bound to the membrane for each of the

,/

osteosarcoma cell lines. Therefore, the level of N-myc

ka

expression varied betwee #fﬁ-cell lines. Den51tometr1c scans of

the autoradiéiiams were obtained (Table VI).






Figure 11. RNA Slot Blot Analysis of c—raf-l Proto—oncogene

M

_ ¥y U20S; 4, WG63 5 HOS (TE85), 6, G—292

Y

Expre551on in Osfeosarcoma Cell Lines. Lane l Saos-2; 2, KTOOS'
Total RNA from the osteosarcoma cell lines was denatured,
serialiy dilutea, and bound to GeneScreenPlus. The top slot

contained 8 ug of RNA and successive slots had half as much as

: the previous slot. [The membrane was hybridized with 32P labeled

c-rafz1 probe and ‘after washing an autoradiogram made.  c-raf-1

n'r( . AN

~—

transcripts were detected in all of the osteosarcoma cell lines.
¢

The c-raf-1 probe was removed and the membrane rehybridized with

32p jabeled y-actin probe. The Y-actin probe has shown near

equal amounts of total RNA bound to the membrane for each of the
osteosarcoma cell lines. Therefore, the level of c-raf-1

expre831on,gar1ed between the cell lines. Den51tam@tr16 scans of

the autoradlograms were obtained (Table VI.
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Oncocjene Probe
and Cell Line

‘c-myc
Saos-2

KT005 »
208
MG6 3
‘HOS(TEBS)
G-292

c-fos
Saos-2

. KTO05
U208
MG63

-

4.

HQS (TE8S)

g

Optical Density

TABLE V. Densitometric Scans of RNA Slot Blots
B and c-fos probes.

Jf

&

oncogene | y-actin forrected

probed probed ¥ncogefie
. probed

39 121 47

172 79 316

43 126 49

81 145 81

13 136 14

130 139 136"

110 142 121

24 37 101

101 111 142

155 66 366

v154' 147 162

43 156 156

KH

Hybl:iaized with c—gyg :

Relative ~

_ Oncogene &
. ‘Transcript
Level

3.4

23
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TABLE VI. Densitometric Scans of RNA Slot Blots

- N-myc Probes

and Cell Line

r

C—.I:é—f_ 1
Saos-2

KT005
U208
MG6 3
‘HOS(TE85)

G-292

N-myc =~

* Saos-2
KT005
U20s

w3l

' HO3 (TES8S)

G-292

-

2

Y

Oncwene
probed

180

53

93

51

157

| 175

100
93
110
52
123

71

¢ 72

y-actin

proey&d

52

22

51

56

46

142
37
111
53
150

165

162

corrected
probed -

249

173

131

66
245

175

116

414

164

135

71

Bybridized c-raf-1 and

Relative
Oncogene
qTanSCriQ}
Level

3.8

" 2.6

46

14
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optical densities and relative amounts~of the transcripts are.found in

Tables V and VI.

4.2 b) Sot.llthern and DNA Slot Blot Anal i -

The proto-oncogenes c-myc, ~c—l, and N-myc had
detectable levels of transcripts which may be the result of activation
by either gene rearrangémentro‘r amplification. The ‘osteosarggna&cejll |
~lines 'were examined for pos&ible rearrangément and j\iinpli,ﬁicatior? of/‘,.;’
these genes by Southern a\ri‘d\DNA slgt Blot analysis. .

Osteosarcom‘a cell line DNA and control DNA were dig\ésted with the
restriction endonucleases' EcoRI and fiind ITI. ‘The digests were
electrophoreticaily separéted and transferred to a membrane. The
membranes were prehy ridized and vthen hybriaized with one of the four
radiolabled  proto-ohcogene probes. |

Hybridization of the Cc—TyC probe. to Ithe EcoRI digested DNA samples
‘revea],.‘jed a single 12.5 Kb DNA band for 'eéch of the cell lines and tife
contrc:i (Figure 12). A single restriction fragment of molecular weigﬁt ’
- 11 Kb ‘was obsérv#ed when the Hind III digested DNA x)samp-les wére
hybridized w%th 'th‘e_ c-myc probe (Figure 12) . Again thé restriction
pattern for,.%:%e cdﬁ_trol and ceil lines was idelntical. No rearrangemeni:
of the c—gyﬁi" proto4oncogene "was detected. However, the mué;l) darker.
bands for the ,_osteosarcofna cell l‘inés MG63 and G-292 indicated there may
~be an increase in the copy ‘number of the é—m gene in these cell lines.
This was further pursued by DNA slot blét analysis (see below). »

'I‘_het c—fos probe rewealed 9 Kb and 6.8 Kb restriction fragments

. when fc};e DNA samples were digested with EcoRI and Hind ITI respectively

(Figure 13). The restriction pattern for the control and cell lines was

N



Figure A12. ‘Southérn Blot Analygis of fhe c-myc Prdoto-onc‘ogene. in.
Osteosarcoma Cell Lines.  Lane 1, G—292; 2, ‘HOS‘ETEBS); 3, MG63;
4, U20S; 5, KT005; 6, Saos-2; 7, Cor;trol. DNA from the control
and osteosarcoma ctll lines was digested with" EcoRI (A) or Hind
III. (B), f-ractlonated in a 1% agarose gel, and transferred to
.‘ ‘GéneScreenP;Lus. ‘The membrane was hybridized v&itl:'h 32P3 labeled
c—gy_ probev‘ . | |
A, The restrlctlon pattern for the EcoRI digested samples consisted
. of a smgle 12.5,Kb restrlcj:lon fragment in the control and cell

the greater hybridization LAinténsity for the MG63 (lane 3) and .

lines. No rearrangement of the c-myc gene was detected. However,

G-292 “(lane 1) cell lines indicated ,their possibly having an
[ (o™
1ncrese in the copy number of the C-myC gene. This was further .

pursued by DNA slot blot analy51s
B. The restrlctlon pattern for the Hind III digested control and
osteosarc;)ma cell lir;e DNA samples conéi’sts'of_ a single 11 Kb
baﬁd. No rearrangement of the C-myc gene _wa's\-detéc.:ted. However,
” as above the hybridi‘zation. intensities indicated a possible
increase in copy  number of c-myc in the MG63 and. G-292 cell

K

lines, - L
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Figure 13. Southern Analysis of the c—fos fmoto~oncogene in

Osteosarcoma Cell Lines. Lane 1, G-292; 2, HOS (TESS); 3, MG63;

——

4, U20S; 5, KT005; 6, Saos-2; 7, Control. DNA samples were

digested with EcoRI (A) or Hind III (B), fractionated in a 1%

agarose gel, and transferred to GeneScreenPlus. The membrane was
: )

hybridized with >%p labeled c-fos probe. . ®

The restriction rattern for the EcoRI digested control and

osteosarcoma cell line DNA samples consisted of a single 9 Kb

band. No rearrangement of the c—fos gene was detected.-
p . . CTIPS
N

The restriction paEtezn for the Hind III digested control and

-osteoSarcoma DNA samples consisted of:a single 6.8 Kb band. No

rearrangement of the c-~ ~fos gene was detected. However, -the
greater hybrldlzatlon 1nten81ty for the U20S cell line (lane 4)
indicated possible ampllflcatlon of the c- -fos gene in this cell

~ine., This was further pursued by DNA slot blot analysis.
. . \ .
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‘identical when digested with either EcoRI or Hind TITI. Therefore, no

rearrangement of the c-fos proto-oncogene was found. The more‘intense

590

band for the U208 celi’ line (Figure 13, lane 4) indicated thev

p0551b111ty of c—fos amplification. DNA slot blot anlay51s was performed

to examine this possibility (see below). .
Hybridization with N-;_I'LTE and c-raf-1 probes to the EcoRI and Hind
IIT digested DNA samples did not uncover any rearrangement of these
proto-oncogenes. The ﬁcoRI digested DNA samples when hybridized with the
N—I_T\‘IL probe revealed a single band of molecular welght 2 Kb (Figure 14).

A W,rﬁlli 1& Kb band was observed when/the Bind III digested DNA samples

,g‘were*ﬂhybrldlzed w1th the N-myc probe (Figure 14). The restriction

pattern was the same for the control and cell lines. When the EcoRI

digested DNA samples were hybridized with the c-raf-1 probe, the

restriction’pattern was the same for the cont‘"gﬁl and cell lines with

only a single 2.9 Kb band present ‘(Figure.15) . A single 7 Kb band was

observed when the Hind III digested PNA samples were hybridized with the

—

c-raf-1. probe Furthermore, the intensity of the \;;hybrldlzatlon signails

‘_v,t‘

was much the same for the control and cell lines. No rearrangement or
ampllflcatlon of the N-myc and c-raf-1 proto-oncogenes was detected.
5 Soutl;ii_gth analysis of the c-myc and c-fos pProto-oncogenes revealed

their possibl_e amplification in some of the osteosarcoma cell lines. To

,"\‘)»\i;”eterminedthe copy number of these genes DNA slot blots were prepared.
./ ' » »» :

Osteosarcoma cell line DNA and control DNA was denatured and bound to
transfer membranes using the. siot bAlot apparatus. The membranes were
prehybrldlzed and then hybr1dlzed with radlolabeled c-myc or c-fos
probes. After washlngoautoradlograms were prepared (Flgures 16, 17) and

denspltometrlc scans of ‘the auto’radiograms obtained !(Table VII). To

s
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and c-fos Probes.

Oncogene Probe

and sample

c-mycC
Control

Saos-2-
KT005
U208 |
MG63

HOS (TE85)
G-292

c-fos
Control

Saos-2
KT005

© U208
MG63
HOS (TE85)

G-292

T2

Optical Density

~oncogene

probed

, ~0
70
125
98

93

177

129

160 .

129

180

181

139

77
204

106

y-actin
probed

73
126
88
70
43
97

62

106

185

156

107

49

1s5

72

corrected
oncogene
probed

72
81
89
300
97

188

103
122

137

166

139

156

51

~~ TABLY VII. Densitometric Scans of DNA Slot Blots Bybridized with c-myc

Estimated
Gene Copy Number



Figure 14. Southern Blot  Analysis of the N-ﬁ_nyg Proto-oncogene in

A. The restrlctlon pattern for the Hmd III dlgested control apd -

B.

Osteosarcoma Cell Lines. Lane 1, G-292; 2, HOS (TE85); 3, MG63;
4, U20S; 5, KT005; 6, Saos-2- 7, C_ontrol. DNA samples were
digested with Hind III (A) or EcoRI (B), fractionated‘ on a 1%
agarose gel, and transferred to GeneScreenPlus. The memhrane was',

hybrldlzed with 32P labeled N-myc probe

osteosarcoma cell llne DNA samples con51sted of a- smgle 16 Kb‘-.
band. No rearrangement of the N-myc gene was detected” ahd the“":

near equal hybrldlzatlon lnten51ty for the restrlctlon fragmenbsﬁ.
1ndlcated no N-myc ampllflcatlon. | . |
The restriction pattern for the EcoRI tligested‘ eon’trol"and‘

osteosarcoma cell line DNA samples con51sted of a smgle 2 Kb

band. No rear‘rangement of the N-myc gene was detected
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- Figure 15. Southern Blot Analysis of the c-raf-1 Proto—oncogene_ln
‘Osteosarcoma Cell Lines. Lane'l, G-292; 2, HOS (TESS); 3, MGE3;

‘4, u20s; s, KT005; 6, Saos-2; 7, control. DNA samples were

digested with Hlnd III (A) or EcoRI (B), ftactionated in a 1%
agarose gel, and transferped to GeneScreenPlus. The membrane‘was
hybridized with >2p labeled c-raf-1 probe. |
The restriction pattern for the Hind IIIndigested control and
osteosarcoma ceilhline DNA samples-consisted of a single 7 Kb
band. No rearrangement of the c—raf—l gene was detected and the
near equal hybrldlzatlon 1nten51ty of the restriction fragments

\

indicated no amplification of the gene.
The restriction pattern for the ECORI digested control and-
osteosarcoma cell line DNA samples con51sted of a single 2 9 Kb

band. No rearrangement of the c-raf-1 gene was detected.
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Figure 16. DNA Slot Blot Analysis of the C-myC Proto-oncogene in
»

Osteosarcoma Cell Lings. Lane 1, G-292; 2, HOs (TEBS); 3, MG63;
4, U20S; 5, KT005; 6, Saos-2;-,7, Control.

Control and osteosarcoma cell line DNA samples were denatpred,
serially diluted and bound/ to GeneScre -nPlus. The top '; slot
contained 10 ug of DNA with each successi: » slot containing half
as much DNA as the previous slot. The - Jrane was hybridized
with 322; labeled C-myC probe and an autorac .ogram made.

The membrane was stripped of the c-myc probe and rehybridized
with 32? labeleqd Y-actin probe. Densitcmetric scans of the
autoradiograms were obtained. These scans showed variation in
the amount of sample DNA bouﬁd to the membrane. However, when
the dens'itqnetric Boans of the c-myc and Y-actin probes were
compared, the C-myC gene cop.y number was found to be iﬁcreased

in the MG63 and G~292 osteosarcoma cell lines (Table VII).
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Figure 17. DNA Slot Blot Analysis of the c~fos Proto-oncogene in

Osteosarcoma Cell Lines. Lane 1, G-292; 2, HOS (TE8S5) ; 3, -M§63-
4<F5205 5, KT005; 6, Saos-2; 7, control. : K
Control and osteosarcoma cell-llne DNA samples wefe denatured,
serially diluted, and bound to GkneScreenPlue. The top slot
contained 10 ug of DNA with,each successive slot containing half
as much as the previous slot. The membrane was hybridized with
32P labeled c—fos probe and an autoradlogram made. _

The membrane was\étripped of the c-fos probe and rehybridized
with 32P labeled ‘ Y-actim probe. Densitameﬁric scans of the
autoradiograms were obtained. The scans showed variation in the
amquﬁt of sample DNA bound to the membrane. Comperisoh of the -
densitometric scans of the c-fos"and vy-actin probes showed no

amplification of the c-fos proto-oncogene (Table VII).
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determine if the amount of DNA for each sample was the same the

-

membranes were stripped of the proto—oncogene ‘probes and hybridized with

32P—labeled Y—actln prohe. The autoradiograms of the y-actin hybridized

membranes are Seen in Figures 16 and 17. The densitometric optical

5

densities for these membraneS are found in Table VII.

56

The ijctin probe revealed differences in the amwﬁnt of sample DNA

bound to the membranes. This was corrected as was done with the L/B/K

alkaline phosphatase DNA slot blot. - The cqrn@cted optical densities for

’

- the c—myc slot and the\ess&mafed‘gé?ﬁrcopy number for the celléﬁines’are
found b;&?able VII. A four or . fivefold amplification of the c-myc gene
was found in ﬁhe osteosarcoma cell line MG63. Whereas a two to threefold

amplifiqation was found in the G4292‘osteosarcoma cell line. 1In the
remaining cell lines no amplification of the c-myc gene was found. The
c-fos corrected optical densities values and estimated gene copy -number

Bl

arg,fouqd"in Table VII. . The c—fos-proto—oncogene~appears not to be

amplified in any of the osteosarcoma cell lings,

v
L
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. DISCUSSION

51  ALKALINE PHOSPHATASE

.’I‘he osteogenic form of osteosarcoma is a malignant neoplasm o'f
osteoblasts (Moss, 1983) .’ It is one of the most common malignant tumors
._of the skeletal system and in the young the most lethal_'o‘f bone tumors
>(Bubis, 1982) . Often the serum alkaline phosphatase level is elevatea in
patients harboring osteogenic sarcoma. ‘Cell lines have been established
from osteosarcoma tumors and the al}*line phosphatase activi%y in some
| of these cell lines studied (Neuwaid'( et al.,1980; Benham et a\l., 1981).
Furthermore, in.some instances which alkaline phosphatase~ isoenzyme is ]
present has been‘d’etermin'ed by irrmunoprecipitatiion '_(Murray et al.,
1987:) . Some of the_ osteosarcoma cell lines are reportea as having a high
level of.alkali\ne phosphatase actiyity while others are much ~10wer
(Benham et al, 1981; Murray et al., 1987). "

Variation in alkaline phosphatlase activity' may'° be due to a number
of mechanisms. The amount of alkaline phosphatase presenk may not éivffer
much, but it's catalytic actlvlty may be lncreased a great deal. For
example, this Sccurs when the c-abl proto-oncogene on- chromosome 9/5
“ translocated to a gene referred to as bcr on chramosome 22 formlng a
fusmn gene (De Klein et al., 1982) The product o% chlmerlc gene
like thatf of the normal gene is a tyrosme klnase but. with increased
catalytlc activity "(Konopka et al., 1985) i Differences in the amount of
galkalme phosphatase proteln r%y also.account’ for varlatlon in alkallne .

. phosphatase act41v1t1es. _An increase in alkaline phosphatase proteln may -

Fesult in a'ltered’, transcription. of the - alkaline phosph.atase gene(s),

T | DR .
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altered translation of the ltessage, processing,~and stabilization of the

.

e

transcript and/or protein.

In the present investigation the alkaline phosphatase acti -ty of
six osteosarcoma cell lines has been determlned This was fcllowed by
| examlnlng the level of L/B/K alkaline phosphatase mRNA in the cell
lines. ‘In addition, possible 'activation of the L/B/K alkaline
phosphatase gene by rearrangement or ampllflcatlon was studied.

Alkallne phosphatas@'actlmty was found‘ to vary considerably from
--one cell 11ne°to the next. The highest level] of alkaline pPhosphatase
activity was found in the Saos-2 osteosarcoma cell llne (Table II) ngh
~alkaline phosohatase activity was Previously reported for this cell line
(Benham et al., 1981). The present study found the alkaline phosphatase

act1v1ty in the Saos 2 cell line was over 6000 fold higher than that of

the ceil line hav1ng the lowest activity (U20S). The alkallne

5 &;

phosphatase 1soenzyme in the Saos-2 cell 1line has recently been .

demonstrated to be the L/B/K form (Murray et al., 1987)
RNA slot blot- analysis using the cDNA probe correspondlng to L/B/K

MRNA (Welss et al., 1986) in the present study. revealed marked varlatlon

in the amount of L/B/K. alkallne phosphatase MRNA 1n the osteosarcana

cell llnes. _The largest amount was found in the Saos—2 cell. 11ne In

comparlng alkaline phosphatase act1v1t1es in Table II to the amount of

L/B/K alkallne phosphatase transcrlpts in Table ITI it can be seen that

[~}
“the level of alkallne phosphatafe actletyagorresponds with the anﬁunt

Ry

. of L/B/K MRNA. That is, the cell llne w1th the hlghest alkallne{‘

—

* * phosphatase uactivityf:has the largest ° amount * of LJB/K alkallne“

phosphatase transcripts and. so oh. It therefore, appears the alkallne
-

phosphatase act1v1ty dlfferences result from variation in the- -amount of

-
v



»

pfotein which in turn is due to differences in the amount of IL/B/K

alkaline phosphatase transcripts present. That is not to say that other

59

mechanisms are not involved, but the amount of L/B/K alkal;ne‘

phosphatase mRNA present appears to be the major mechanism.

The level of mRNA within a cell is dependent upon the rates of

s

transcription, processing of the primary transcript and it's export, and
the rate of cytop%asmic MRNA degradation. Gene expression may be
affected by a change in any one of these processes. A change in any one
or more ofithese processes may reflect a change in the level of L/B/K
‘alkaline phosphatase within the osteosarcoma cell:lines. In general,
?the most important control of gene>expression is found at the level of

transcription. This is substantiated by the observation that the steady

rate of the gene (Raghow, 1987). Changes ‘in the rate of gene
&fﬁp) :‘ . - . X .
Vi Tty LN _scrlptlon may arise from mutation. Gene rearrangement or
a s .
1‘1\;) - qu%

aMpllflcatlon are known, to alter the transcription rate of genes thereby

.,»:

altering the amount of mRNA present. Rearrangement~may release the gene

from its usual controls. and the level of express1on lncreased Gene
- ; Q. 9

ampilflcatlon may also ralse the MRNA level by prov1d1ng an increase in

;the amount of template for transcription.’
o . Southern b1ot ana1y51s in the_/gutrent study dia not: detect
7\\* rearrangement of the L/B/K alkaline phosphatase gehe in any of the
osteosatcoma cell lines. fhe restriction pattern fof the control'and the

cell lines was‘identicai %agrthermore, Northern blot analy51s showed a

> . A
! 5

-

81ngle RNA spe01es of about 3 Kb in the osteosaroana cell llnes (Saos-2

: and G-292) and normal kldney Ampllflcatlon of the L/B/K alkallne,“

state levels of an mRNA species correlates well with the transcription

phosphatase gehe was not detected by DNA slot blot analy51s.b Thlsh

{

s
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indicates that a mechanism other than gene rearrangement or
amplification is 1likely responsible for the‘large differences of the
L/B/K alkaline phosphatase mRNA observed in the: osteosarcama cell lines.
Changes withln cismacting regulatory elements of the L/B/K.
alkaline phosphatase gene may result in altered expression of a gene.’

Mutations within the regulatory regions of the' L/B/K alkaline

phosphatase gene may be the cause of the high level of‘the enzyme in

60

some of the osteosarcoma cell lines.'.an%‘the normal L/E/K alkaline.

phosphatase gene has been cloned and characterized the gene may be

isolated from osteosarcoma cell lines and compared to that from normal

cells. This may detect changes within regulatory Sequences. ' Techniques

that may prove useful in identifying mutations within L/B/K alkaline

H

'phosphatase gene regulatoﬂy genes are the polymerase chain reaction

(PCR) and hybrldlzatlon w1th ollgonucleotlde probes in slot blot format. -

This has been useful in 1dent1fy1ng point mutatlons w1th1n ‘the c—Kl—ras

gene (Adnnguera et al., 1988) PCR consists of repetltlve cylcles of

turation, hybridization, and polymerase 'extension u51ng the
ciprocal interaction of two ollgonucleotldes (Mullis et al 1986)

Once the specific|DNA sequence 1s ampllfled 1t can be hybridized with

ollgonucleotlde probes under varylng str1ngenc1es to detect DNA sequence-

changes. PCR would: also be useful .to’ reduce the number of'clonéd DNA'“

fragnents to be screened if the L/B/K alkallne phosphatase gene fran the

OSteosarcoma cell llnes was to be cloned

It is thought that the aberrant expre551on of developmentally

E

regulated protelns in canc:jpus cells results frcm derepressron of’ the-

normal gene (Flshman, 1974 For example, tranSvactlng factors may no

1

longer be present or are 1ncapab1e of - exertlng thelr 1nfluence on a

by

N



_}" ~ In summary,. alkaline phos

gene. Derepression of the L/B/K alkaline phosphatase gene may be the

‘cause of the high level of its transcrip'ts in some of the osteosarcoma

"cell lines. This could be the consequence of the loss of a trans—actmg

factor (s) which deprésses the expression of the L/B/K alkaline

phosphatase gene.

The loss of a trans-acting factor which exerts an influence on the

!

f , -
L/B/K alkaline phosphatase gene could result fram inactivation of the

Ny

gene encoding for the factor. The loss of genetic information in some

J . . .
human tumors has been observed. Some pediatric' cancers have & rare

herbedita'ryform in which spes:ific chromosome deletions have been found.

This Wincludes the deletion . in chromosome 13914 observed 1in

re ‘noblastoma (Knudson, 1978) .and the deletion in chramosome 11pl3
% X =% '. n
_found‘ﬁ Wilm's tumor -4 Qt al., 1978) Cell fusion studies have

also supported the - the loss of genetlc 1nformat10n in the

y development of’ human cance% (Harris, 1988) Cell fusion has been used ta

¢ v
investigate t,he abnormal ekpresswn of genes in tumor cells (Geiser et

al., . 1986). ‘ygi'l'he use of somatjc cell hyf)rlds could prove useful in
studying the expressmn of the L/B/K alkaline phosphatase gene 1in

ostoesarcoma cell llnes,. If the hlgh level of L/B/K .alkaline phosphatase

gene expression 1n, some osteosarcoma cell lines results from loss of

-

'from ostoesarcoma cell lines ould-be fused with normal human cells and

the lewvel of the L/B/K alkaline P phatase gene expression examined.

L

hatase act1v1ty m the osteosarcana cell‘

61"

' genetic information,.then cg¢ll fusion studies may detect this. Célls,

‘ £ - .
lmes m markedly. The level of L/B/K alkallne phosphatase mRNA also'

varled conmderably.. The amount of L/B/K alkalme phosphatase mRNA m_; .

the osteosarcoma cell lines corresponds with thelr level of alkaline .

o
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phosphatase activity. Therefore, the - differences in the alkaline

‘U A ) . 3 - . 3 » N
phosphatase activities results fram ‘variation in the amount of L/B/K

v
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alkaline phosphatase mRNA-in the osteosarcoma cell lines. This is likely -

the result of increased rate of transcription of the L/B/K alkallne
i

phosphatase gene in some of the osteosarccma cell lines. The current
¢

‘study found the gene not to be activated by rearrangement nor was the

gene found to be activated by amplification. Further studies will be.

‘reguired to eiucidate the mechanism responsible for the observed
' differences in the-amounts of the L/B/K alkaline phosphatase mMRNA .
5.2 PHJ'IO—(»COGENES

It has prev1ously been shown that the v-src oncogene in the Rous
sarcoma v1rus originated form a ‘normal cellular gene termed a
proto—oncogene (Stehelin et al., 1976) This finding helped to‘ explain
the transfotmlng ability of retrov1ruses as well as suggest the origins
of viral negatlve cancers. The finding of src and other: proto—oncogenes
1ndicated that the human genome has genes that if altered ‘may be
involved in transformat-lon to the mallgnant state. Today a number of
proto—oncogenes' have been identified through their association with
'retrov1ruses or by gene transfer (BlShOp, 1987) The“ three main ways 1n
which . proto—oncogenes are actlvated in humans are: point mut:atlons,
rearrangement, and ampllflcation (Bishop, 1987)

The current study 1nc1uded 1nvest1gat10n of osteosarcoma cell
lmes for. the expressmn of 16- proto—oncogenes. Included ir the 10

' _proto—oncogenes studled was at least gﬁe framn the. four major gro ps of

proto-oncogenes (Table 1). Of the 10 proto- o—-oncogenes rnvestlgated 6 were

found to be transcrlptlonally active. Tnis included the c-sis,

'
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c~Ha~ras, c-fos, c-myc, N-myc, and c¢c-raf-1 protb7oncogenes{ Very weak

'hybridization‘signaisf barely abevelbackgr0und,-were detected for c-sis

fand c-Ha-ras. The c-fos, .c-myc, meye,ieand c-raf-1 genes had much
stronger‘hybridiéation‘signals and were investigated for activation by

-

rearrangement or ampllflcatlon.

The N-myc gene was found to be expressed in all the osteosarcama

cell lines with the level of expression varying between the cell Elnes

(Table VI) Expression of the N-myc gene has'been'foundrin other cell

llnes and tumors such as neuroblastomas, retlnoblastomas, and small cell

.lung cancers (Kohl et al., 1984; Nau et al., 1986). Ampllflcatlon of the
“N—myc gene appears to be a common mechanism of activation in these types
of cancers. N—myc is ampllfled in Mmost neuroblastama cell lines and in

.'abeut 40% of neuroblastoma tumors (Schwab et al.,.1983; Seegeriet al.,
1985) . Seeger et al,, k1985) studied patients with neuroblastamas to
determine if the number of copies of the N-myc gene was relateq to the

outcome of the disease. They found that N-myc ampllflcatlon was
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associated with %norgirogn051s, and furthermore, ptumor aggressiveness

was related to the degree of amplification. 1In the present .study
Southern blot anzlysis did not detect rearrangement of'N—@zg in any.of

the ost osarcoma cell lines. Moreover, the hYbridization'intensity of

- -

‘ the'restrictionafragments_was mdcngjhe same indicating the absence of

N~myc %ﬁplification (Figure 14)-. tne.ﬁ—ng'gene'islinvdived in the

-

development of osteosarcana, its acrivation may occur by means other

than rearrangement or amplification.l~ S ‘ ‘ 1‘3\

¢ .
N

The proddc: of the c-raf-1. gene is a serine/threbnine  Kinase

(Hoelling et‘al ‘1984“‘ Irs EXPL25S10h hasgbeen reported in Otner cell

o ¢

lines and though- ‘o be 1nvolved in carcinogenesis (Bonner et al., 1985;



Fukui et al., 1987). In this study the c-raf-1 gene ‘was found to be
expressed in all of the osteosarcoma cell lines. However, rearrangement
‘of the gene was not detected nor was there any indication of its
amplification-in any of the osteosarcoma cell 1ines. Another member of
. the raf famiiy, ‘Bfraf, has recently been found to be activated by
rearrangement (Ikawa et ;1., 1988). The c-raf-1 gene if involved in the
gene51s of Osteosarcoma ‘may be activated by a mechanvsnl other than
rearrangement or amplification.

The c-fos proto—oncogene has been s%adied extensively and much has
been learned about its structure and expre551on. ItslexpreSSion has been
found to be closely regé%%ted (Mlller et al., 1984) . Important
'components for regulatlon og c -fos 1nc1ude regulatory elements within

the promotor region as.well as both'negative and positive trans-acting

factors (Verma, 1987). The c—fos géﬁéflas been described as a "Master

Switch" and thought to be involved in #ignal transduction (Marx, 1987).

¥

It has been found to be expressed in r of tumors and cell lines
(_Slamon.et_al., 1984) ., I,A this study_tﬁé-c';_fo_s_ gene was expressed in all
of the Osteosarcoma. cell lines examined. Southern and DNA slot anarysis
- did not detect rearrangement. or %nplification of the c-fos gene‘in_any
of the osteosarcoma cell lines. - Activation of cfggsgif.inv01Ved in the
kformatlon of osteosarcoma, may occur by changes within its regulatOry
camponents or by other means.

| As w1th Njgzg, c-raf-1, and c- fos, the current study found %ﬁlﬁ
-mx_ gene to bf expressed in all of the osteosarcana cell lines. The
‘ﬂdeéree of expresszoh of C?EL_ varled between the cell llnes with 1t's
-expre551on 1n the KTOOS cell llne being over 20 times that of the cell

lmh dgspr aving the LQWE&L_GXP{QSSIOH (Table V). Southern blot analysis

€
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did not detect rearrangement.of the c-myc gene. However:, "‘énpliﬁgation
of the gene was found in the MG63 and G-292 osteosaréoma cell lines.

Previously, the c-1 - gene has been found to be activated by
AN

« A

amplification 'in a number of cell lines including an osteosarcoma @1l

lme different from those studied here (Masuda et al., 1987; Boegenmann
~

RPN

et al., 1987). The c-myc ‘gene encodes for a‘\nuclear p?;’f:ein which is
thought to play a pa(rt4 inm cell proliferation (Hunter, 1984) and;its
activation by amplification may be an - important step leading to
osteosarcoma. Irt is interesting to not'e that the cell line KT005 was
.found to H’ave the highest, level of c-myc expressio;l,_ yet the c-myc gene
was found not to be amplified. Ot_:p_e; means -of activation of the c-n_fy__g
gene may be important in the develdpment of osteosarcoma.

Recently a gréﬁp of genes "were discovered that when absent cause
tumor. formation u(Haneen an‘d (i\e:\vzagee, 1988) . They have been termed tumor
suppr;esSors or antioncogenes. Antioncogenes act in a way opposite to .
that of oncogenes which act dmi;;tly. This is, they are recessive to ,
the wild type’ allel_esb"(vHansen and Canvanee, 1988). The existance of
: antioricbéenes was initially ' postulated in rare 'tumors such - as

retinoblastoma (Kmidson, 1971) . Tt was found that retinoblastoma tumors <

developed when there was a loss of genetic material mapping to the ql4

-band on chromosome 13 (Rnudson et al., 1976) . Retmoblastcma patl@s ,.v
V' ‘.g- Jf .-\_-"3 IV"
have a high risk of deve ioping secondary cancers . espec1ally,»' »

osteosarcome Dryja et alz, 1984‘. ). A DNA segment thought to represe,nt e
the "Rb" gene has benn cloned (Fz!iend et al., 1986) Using~ tm”%““wx.«-

/“T Dw .
segment as a probe; the Ro Tocus was, found to be deleted- in m&t,,ff"

~

retinghlastomas and ost eoaarms !rnend et al.,}1986) »

the % gene was found to LH_ exdrcssw m geveral tumors,
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retlnoblastamas and osteosarcomas (Frlend et al. 1986) Some human

osteosarcomas have been found to became hamozygous fO{\* chranogome 13q
(Dryja et gl., 1986) . These observations suggest 'the vioss of
antloncogene function an  important step in the fbg;étiomﬁﬂpfA
RS
osteosarcoma. ’ ' |

It 1is possible that antioncogenes and proto-oncogenes might
interact with one another (Bishop, 1987); This could involve -
antioncogenes exerting a regulatory function over proto-oncogenes. 1In
this light,: the loss | of antioncogene function might release
proto—oncogenes from their normal contro; With the cloning of the DNA
segnent corresponding to the Rb locus it should be possible to undertake »
DNA transfection studies to see if introduction of the DNA segment will
revert malignant chéracteristics. The osteosarcoma cell lines could se

1

- . . \ : .
examined for expression of the Rb locus, proto-~oncogene expressior, c.d
/ : N

loss of tumorigenicity Subsequent to introduction of the segment into

cells,

5.3 EPILOGUE y

The development of cancer is thought to be a multi-step process
(Klein and Klein, 1986). The evolution of a cell clone fram the normal
to the malignant State. invoives ~progression through a number of
intermediate steps (Kleia‘and'élein, 1986). Statistical analysis of
age-incidence curves has been used to éstimate that at least four
sequential mutatioﬁal changes are necessar§ for the development of

N

 leukemias and at - least 6 for cam@}namas (Faber arnd Cameron, 1980).

Included in these changes may be the actlvatlon of proto-oncogenes. - In

same cases it has been found that the activation of two proto-oncogenes

)

«
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is required (Land et al., 1983). It is therefore not surprising that the

current study found more than one proto-oncogene expressed in the

osteosarcoma cell lines. The relevance of their expression in the

osteosarcoma cell 1lines to the development of osteosarcoma is

questionable. . What has been found may have arisen from ehanges that

occurred during the estahlishment of the cell lines or their maintenance
in culture. Examination of osteosarcoma tumor material would help
clarify this. Some of the changes that occur during progression to the
ngmalignant state méy be indepehdent, but necessary for transformation.
For example, activation of the L/B/K alkaline phosphatase gene and
proto—oncogene(s) in the osteosarcoma cell lines irivestigated here, may
have arisen from quite separate events. Desplte being 1ndependent events

they may be necessary for the developnent of osteosarcama. On.the other

hand activation of the .. L/B/K  alkaline phosphatase gene and

R

proto—oncogene(') may have been due to the same event. This could

P T

involve the functlonal loss of a common regulatory gene(s). An

antioncogene exerting direct or indirect control over these genes may

have been rendered inactive. However, given that carcinogenesis often |

proceeds through multiple stages of initiation, pramotion,, and

progression it is more likely that expression of the L/B/K alkaline

phosphatase gene arose from an event separate from that leading to

proto—-oncogene (s) ekpression.

i LY
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