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Abstract--Serum alkaline phosphatase (AP) levels in rats bearing a hormone- 
responsive transplantable osteogenic sarcoma correlate closely with the growth of the 
tumour. Loss of serum AP activity after tumour removal together with data on heat 
susceptibility of tumour and serum AP provide strong circumstantial evidence that the 
serum AP is derived from the tumour and is similar to bone isoenzyme. Increased levels 
of the enzyme were not detectable until the tumour had reached a readily palpable size. 

Tumour AP  production was unaffected by castration or ovariectomy but thyro- 
parathyroidectomy reduced tumour growth slightly and tumour levels of AP, whilst 
increasing serum AP as a function of tumour size. A single acute injection of salmon 
calcitonin into turnout-bearing thyro-parathyroidectomi~ed ~al, .,ignificantly reduced 
serum AP activity. The tumours of such treated rats had .~ignificantly higher AP 
activity than tumours of  similar rals treated with bovine paratbyroid hormone. 

I N T R O D U C T I O N  

SERUM alkaline phosphatase (AP) activity, 
which is comprised of enzymes originating 
mainly from liver, bone, intestine and kidney, 
is elevated in various disease states. Alkaline 
phosphatase in bone is associated with the 
activity of differentiated osteoblasts, and os- 
teogenic sarcomata classified histologically as 
osteoblastic are particularly rich in the en- 
zyme [1]. The transplantable osteogenic sar- 
coma used in the experiments to be described 
in this paper was induced originally by in- 
jections of 32P-orthophosphate [2]. The tu- 
mour is composed mainly of osteoblast-like 
cells capable of laying down ground substance 
which can mineralize [3]. The tumour cells 
have a hormone-responsive adenylate cyclase 
which responds to parathyroid hormone 
(PTH)  and to prostaglandins E I and E 2. 
Isolated tumour cells also respond, to a small 
extent, to calcitonin (CT), indicating either 
that the tumour consists of two cell types or of 
single cell type which is responsive to both 
PTH and CT [4]. Since this transplantable 
tumour is composed mainly of cells with 

osteoblastic properties and AP is associated 
with the activity of such cells, the present 
experiments were carried out to determine 
whether any relationship existed between tu- 
mour growth and the level of activity of the 
enzyme in serum. 

Various hormonal factors are known to 
affect AP activity. Parathyroid hormone de- 
creases AP activity in isolated bone cells [5], 
and tissues sensitive to androgenic and estro- 
genic hormones show an increase in AP ac- 
tivity after treatment with these hormones [6]. 
In man osteogenic sarcomata occur most fre- 
quently in the second decade of life and more 
frequently in males than females [7, 8], a 
phenomenon which may be related to sex 
steroid production. It is possible that the AP 
activity of the osteogenic sarcoma may re- 
spond to differences in the circulating levels of 
parathyroid hormone, calcitonin, estrogens 
and androgens. Therefore, serum AP activity 
was measured in rats bearing the transplant- 
able osteogenic sarcoma in which the hor- 
monal milieu was altered by castration, 
ovariectomy or thyro-parathyroidectomy. 
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MATERIALS AND M E T H O D S  

Osteogenic sarcoma 

The osteogenic sarcoma has been main- 
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tained continuously in the same strain of 
inbred Sprague Dawley rats in which it was 
originally induced [3, 9]. It has now under- 
gonc serial transplantation at approximately 
3M: weekly intervals for 3 yr, and has main- 
tained its hormone-responsiveness throughout 
this period [3, 4]. For routine implantation, 
tumour slurry was prepared by pressing a 
small piece of tissue through 60 gauge stainless 
steel mesh, with the addition of Hanks' balan- 
ced salt solution, approximately 15ml/10g of 
tissue. Tulnour suspension was injected sub- 
cutaneously into the left flank of recipient 
rats, 0.5 ml per rat (approximately 10 v cells); 
sterile conditions were maintained throughout. 

Delermination oj" alkaline phosphatase aclivih, 

Alkaline phosphatase activity was measured 
in 10/A samples of serum, in triplicate, bv 
addition of 0.5ml of 1.2nM p-nitrophcnol 
phosphate in 0.1 M diethanolamine bufl'er, pH 
9.8 [10]. After incubation tbr 10-30min at 
37'~C the reaction was stopped by addition of 
2ml of 0.05M sodium hydroxide and the 
concentration of p-nitrophenol was read by 
absorption at 410nm. The resuhs are ex- 
pressed as U/1 (Fmole substrate c l e a v e d / m i n i 1  
serum). AP activity of tumour tissue was 
similarly measured in homogcnatcs made in 
distilled water and the results expressed as 
activity per gram lissue per minute. 

Su,gical procedures 

All surgical procedures were carried out 
under ether anaesthesia. Male and female rats 
were 6 weeks old when either ovariectomized 
or castrated, and subsequently receivcd tu- 
rnout implants 2 3 weeks later; sham- 
operated intact animals were similarly treated. 

Complete bilateral thyro-parathyroideetomy 
was peribrmed on 7 week old male rats, 
which were subsequently maintained on 
thyroxine supplemented (100ng/ml) drinking 
water (TPTX rats). Three days after the 
operation serum calcium was measured in 
blood samples collected from the tail vein 
after an overnight fast. Serum calcium of 
6mg/100ml was the upper limit accepted in 
'FPTX rats. Readings were made on a 
Corning Calcium Analyser 940. The rats re- 
ceived a tumour implant 9 days after thyro- 
parathyroidectomy. Similar sham-operated in- 
tact rats served as controls. 

Blood samples were always collected from 
the tail vein under light ether anaesthesia and 
turnout removal from the subcutaneous im- 
plant site was carried out under aseptic con- 
ditions, using ether anaesthesia. 

R E S U L T S  

Serum A P  concentration in ,elation to turnout growth 

It was found in preliminary experiments 
that rats with established osteogenie sarcoma 
had elevated levels of serum AP. Thcretbre, to 
dctermine the changes in serum AP during 
tumour growth, blood samples were collected 
from rats throughout the period of tumour 
growth. Turnout was implanted as previously 
described in 6 female rats and serum samples 
were collected at intervals until thc rats wcrc 
sacrificed 21 days after implantation when the 
tumours were very large. Each time a serum 
sample was collected the tumour volume was 
calculated by multiplication of readings, taken 
with calipers, along three axes of the tumour 
at right angles to each other. 'Fhc results of 
this experiment are shown in Fig. 1. Serum 
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AP at tumour implantation was the basal 
level for these intact female rats (Fig. 1). 
There was no significant increase in the 
level of serum AP activity until 11 days post- 
implantation, ahhough by tiffs time the tu- 
rnouts had attained a reasonable size (4.11 
___ 0.83 cm 3). Subsequently serum levels of AP 
activity showed a continuous and sustained 
rise which correlated closely with the increase 
in size of the tumour (,=0.99). Neither the 
level of enzyme activity nor the tumour vol- 
ume reached a plateau before the rats were 
sacrificed. 
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Identification o f  the source o f  the increased serum A P  
activity in turnout-bearing rats 

(a) Effect o f  tumour removal and tumour re- 
currence on the level o f  serum A P  activity. Wh en  
osteosarcoma tissue was removed  surgically 
from each of  4 female rats 17 days after 
implanta t ion,  and serum samples taken at 
intervals thereafter ,  there was a considerable 
fall in the serum AP activity in each animal  
(Fig. 2), suggesting that  the elevated serum 
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Fig. 2. /tlkaline phosphatase activity in serum of each of j'bur 
rats jiom which a subcutaneous osteogenic sarcoma was removed 

17 days after implantation. 

AP activity was der ived fi'om the tumour .  Th e  
rats were bled subsequently at infrequent  in- 
tervals, in two of the rats, which developed 
recur ren t  tumours  at the original implan ta t ion  
site, the serum AP activity rose again (see Fig. 
2). The r e  were no obvious tumour  metastases 
in these rats. In a fur ther  exper iment  serum 
samples were collected t)om two rats dur ing  
eight hours immedia te ly  following removal  of 
a tumour  implanted  15 days previously: wi- 
thin 4 h r  the serum AP activity had fallen to 
50(Ii) of the initial level and remained at that  
level subsequently.  In two sham-opera ted ,  in- 
tact, non- tumour -bea r ing  rats serum AP ac- 
tivity also fell slightly dur ing  the first 3 h r  
post-operat ion,  but  then rose dur ing  the tbl- 
lowing three hours to almost original levels. 

(b) Heat susceptibility o f  alkaline phosphatase. 
Fur the r  evidence that  the serum AP was 
der ived from the osteogenic sarcoma,  and that  
the AP enzyme was similar to bone isoen- 
zyme,  was obta ined  by exploit ing differences 
in heat  stability of  the AP isoenzymes. Posen 
el al. [11] have shown that  the isoenzyme 
from intestine is more  stable to heat  than  that  
of  liver which in turn is more  stable than 
bone isoenzyme. T o  compare  the heat  stabi- 
lity of  the serum and tumour  AP with that  of  

o ther  tissues, crude homogenates  of  rat  liver, 
intestine, newborn  calvaria and tumour  were 
prepared  in distilled water  and incubated  at 
56°C for 40min ;  samples were removed for 
assay at intervals dur ing  this period. T h e  
results are shown in Fig. 3 which demon-  
strates that  the rate of  degrada t ion  of the 
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Fig. 3. Heat susceptibilih, of alkaline phosphatase oJ" serum 
and tumour of oesteogenic sarcoma-bearing rats, and of normal 
rat liver, intestine and bone. Tissue homogenates and serum were 
incubated at 56°C Jbr 40 min; 10#1 samples of incubate were 
removed at intervals ,/'or estimation of alkaline pbosphatase 

activih,. 

t umour  enzyme closely resembles that  of  bone 
and of  tumour -bear ing  rat  serum, and is 
much more rapid than that  of  either intestine 
or liver AP. 

LJJect o f  castration and ovariectomy on serum A P  
activity in rats bearing an osteogenic sarcoma 

T u m o u r  was implanted  in the usual man-  
ner into male and female rats which had been 
castrated or ovariectomized.  Serum AP ac- 
tivity was measured at the t ime of  tumour  
implanta t ion  and at intervals dur ing  tumour  
growth for comparison with that  of sham- 
opera ted  controls. Th e  results are shown in 
'Fable 1. T h e  initial level of  serum AP activity 
in the castrated males and in ovar iectomized 
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Table 1. Serum alkaline phosphatase activity in rats receiving an 
implant o J osteogenic sarcoma 

Group 

Alkaline phosphatase in serum (U/l) 
Mean_+ S.E.M. 

Initial activity* (nl Final activityf (n) 

Intact female 159_+7.0 (6) 550+_60 (3) 
P<0.01 NS 

Ovariectomised female 126 -+ 3.0 (6) 539 -+ 127 (6) 

Intact male 147+6.8 (7) 970_+ 144.8 (7) 
P < 0.005 NS 

Castrated male 122 + 2.3 (9) 1105 _+ 140.3 (8) 

Intact male 147_+6.8 (7) 970_+1 [4.8 (7) 
NS NS 

TPTX male 127_+ 12.6 (5) 749_+179.6 15) 

*Serum collected at the time of tumour implantation. 
1"Serum collected at sacrilice, 20 days after tumour implantation. 

females was significantly lower than  in their  
controls;  however ,  the pa t t e rn  of  change  in 
serum AP act ivi ty dur ing  t u m o u r  growth  was 
similar  in all groups,  and there was u l t imate ly  
no significant difference be tween serum levels 
in t u m o u r - b e a r i n g  cas t ra ted or ovar iec tomized  
rats c o m p a r e d  "with their  intact  controls. Thus  
the enzyme  produced  by the t u m o u r  did not 
a p p e a r  to be responsive to changes in the 
c i rculat ing levels of  sex steroids. 

£fJ'ect of  thyro-parathyroidectomy on serum A P  ac- 
tivity in rats bearing osteogenic sarcomata 

Para thy ro id  h o r m o n e  ( P T H )  has been 
shown to decrease AP activi ty in isolated bone  
cells [5]. Isola ted cells of  this osteogenic sar- 
coma  respond to P T H  and calci tonin [4] with 
increases in cyclic A M P  product ion.  
Therefore ,  the absence of these hormones  from 
rats imp lan ted  with this osteogenic sa rcoma  
m a y  modify" the AP activi ty of  the tumour .  

T u m o u r s  were imp lan ted  into T P T X  rats in 
the usual way  and serum samples collected at 
intervals dur ing  t u m o u r  growth for compa -  
rison with sham-ope ra t ed  intact  controls. 
Al though initial and  final levels of  serum AP 
activity were lower in tile T P T X  rats than  in 
controls, the differences were not s ignit icam 
( 'Fable 1). However ,  the level of  AP activi ty 
in the serum expressed per  g r am of turnout,  
was higher  in the ' F P T X  rats at sacrifice than  
in the controls ( 'Fable 2). Since the t umour  at 
sacrifice represented a smaller  pe rcen tage  of 
the total carcass weight  in the T P T X  group  
of rats the results suggested a grea ter  release 
of  AP into the circulat ion in rats wi thout  
P T H  and calcitonin. T h e  AP activi ty in the 
t u m o u r  tissue at sacrifice was lower in the 
T P T X  rats than  in the controls, which would 
also be consistent with the possibility that  
P T H  and /o r  calci tonin m a y  restrict enzyme 
release f rom the t u m o u r  cells ( 'Fable 2). 

Table 2. Tumour weight and alkaline phosphalase (AP) activity in thyroparathyroidectomisecl 
( TPTX)*  osteogenic sarcoma-bearing rats at sacrifice 

Group 

Turnout weight as % 
carcass weight. 

(mean + S.E.M. ) 

Tumour AP activit) 
per grain of tissue 
(mean _+ S.E.M. ) 

Serum AP as a 
function of tumour 

weight 
(mean_+ S.E.M.)+ 

Intact male (n) 21.2___3.3 (7) 41.3_+3.4 (7) 19.0_+0.9 (7) 
NS NS P<0.05 

TP'FX male (n) 13.1-t-3.9 (5) 34.0+_2.1 (6) 31.4_+5.2 (5) 

*Maintained on thyroxine supplemented drinking water (100ng/ml). 
tAlkaline phosphatase in serum (U/I) 

tumour weight in grams 
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Action o f  parathyroid hormone ( P T H )  and salmon 
calcitonin ( S C T )  on serum A P  activity in T P T X  
rats bearing a transplanted osteogenic sarcoma 

T u m o u r  was implanted into 15 T P T X  rats; 
22 days later when the tumours were large, 
the T P T X  rats were divided into 3 groups of 
5 rats; one group was injected subcutaneously 
with SCT (4700U/mg,  gift of Dr. J .  W. 
Bastian, Armour  Pharmaceut ical  Co., 
Kankakee,  Illinois), 4.0/~g/rat, the second 
group received bovine P T H  (1000U/mg)  
4 .0#g/ra t ,  and the third group, was injected 
with vehicle only (3°~ cysteine hydrochloride 
with 0.1(}:o bovine serum albumin).  Serum 
samples were collected from the tail vein at 
the time of injection and subsequently 1, 2, 3, 
4, 6 and 8 h r  later. All three treatments 
produced a similar pat tern of changes in 
serum AP activity, an initial fall followed by 
recovery (Fig. 4). However,  dur ing the first 
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Fig. 4. Changes in serum alkaline phosphatase activity in 
thyro-parathyroidectomised rats bearing a transplanted osteogenic 
sarcoma after injection of bovine parathyroid hormone (PTH), 
salmon calcitonin (SCT) or solvent vehicle (VEIl). For each 
group n = 5, * * VEH treated group and SCT treated groups 

differ sign~cantly. (P<0.05). 

3h r  after the injection there was a signi- 
ficantly greater red~,mtion in the serum AP 
activity in the SCT treated group than in the 
vehicle treated rats; a result which is con- 
sistent with an inhibitory effect of  SCT on AP 
release by the tumour.  

The  rats were killed 24 hr after the injection 
and the AP activity of the tumour  was mea- 
sured. The  mean  AP activity per gram of 
tissue was highest in the SCT treated group 
(171 +7) ,  which was significantly higher than  
in the P T H  treated group (142 4- 10, 
P <  0.05), but  neither was significantly different 
ti~om the group treated with vehicle (155 

__+10). Therefore, there was some evidence 
that  SCT may  have restricted loss or release 
of AP from the tumour  cells in rats lacking 
endogenous P T H  and calcitonin. 

DISCUSSION 

The results of these experiments on serum 
AP concentrat ion in rats bearing a transplan- 
ted osteogenic sarcoma agree closely with 
those reported recently for transplantable mu- 
rine osteosarcomata [12, 13]. In the mouse 
serum AP levels did not indicate the presence 
of small tumour  masses but subsequent growth 
did correlate with serum AP activity. In one 
of these reports the mouse tumour  size 
reached a plateau some 24 days after implan- 
tation [12] but in the present experiments rats 
with osteogenic sarcoma died before either 
serum AP or tumour  size reached a plateau. 
The  rat sarcomata were quite large before 
serum AP levels were significantly elevated, 
11 days after implantat ion.  There  may  be a 
number  of possible explanations for the failure 
to detect an increase in serum AP before the 
tumour  had reached a reasonable size. The  
rate of loss of enzyme from the cells may  be 
low at this stage of development  or the blood 
supply to the implant  may  be too poorly 
developed for enzyme to be taken into the 
circulation, and is instead broken down in the 
interstitial spaces. There  is no significant var- 
iation in the concentrat ion of AP in tumour  
tissue throughout  the growth period (Coulton 
and Ingleton, unpublished observations). 
Thus monitoring of serum AP levels would 
not detect the presence of small, impalpable 
tumours. The  close correlation between tu- 
mour  size and the level of serum AP activity 
suggests that  the enzyme is lost through 
" leaky"  cell membranes  or is normally re- 
leased extracellularly, rather than representing 
the product  of cell death. Normal  bone 
growth in man,  as measured by increase in body 
length, causes an increase in serum AP [14], 
so that  enhanced release of the enzyme into 
the circulation is not necessarily associated 
with a disease condition but indicates in- 
creased activity of the bone cells. The in vivo 
half-life of the enzyme is short, as indicated 
by the rapid fall in serum levels after tumour  
removal, which suggests that  there must be a 
continuous release of enzyme from the tumour  
at a considerable rate since serum levels re- 
present a balance between accumulat ion and 
degradation.  

The  rapid fall in serum AP activity after 
tumour  removal and its rise following re- 
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growth of the tumour ,  together with da ta  on 
heat  inact ivat ion of the tumour  AP all pro- 
vide strong circumstantial  evidence for the 
view that  the high rate of serum AP activity 
in rats bear ing a t ransplanted osteogenic sar- 
coma is derived from the turnout.  The  dec-  
t rophoret ic  mobili ty of the tumour  isoenzyme 
is similar to that of h u m a n  bone (C. E. Wilde,  
personal communica t ion)  and its heat  suscep- 
tibility is similar to that of rat bone AP; both 
these propert ies support  the histological obser- 
vations [3, 9] that the tumour  is composed of 
osteoblast-like cells. 

T h e  insignificant effects of castration and 
ovar icc tomy on serum AP levels in rats bear- 
ing thc sarcoma may  indicate a genuine in- 
sensitivity of the tumour  to the action of sex- 
steroids; on the other  hand it may bc that anv 
in vivo inhibi tory effects were masked bv 
the presence of more potent  stimulators. 
McMas te r  el al. [15] described experiments  
which demonst ra ted  the presence of a factor 
in the serum of human  osteosarcoma (OS) 
patients which st imulated the uptake of 3H- 
thymidinc  into cul tured human  OS turnout  
cells, an effect which could bc partially re- 
duced by estrogens. It was shown some time 
ago by Li e/ al. [16] that growth hormone  
increased serum AP in hypophysec tomized  
rats and in intact t~male rats. The re  are 
several factors in serum, including sulfation 
factors and thymidinc-uptake  factors which 
are dependen t  upon growth hormone  tbr their 
product ion  [17, 18] and which mediate  the 
growth promot ing  actions of growth hormone.  
Thus  an increase in thymidine-uptake  activity 
in the serum may signify enhanced circulat ing 
levcls of growth hormone  which may stimu- 
late product ion  of tumour  AP directly or 
indirectly. Such an etli:c! could mask weaker 
inhibi tory effects of other  hormones.  The  role 
of  the pi tui tary  hormones  in AP product ion  
by osteogenic sarcomata  needs fur ther  

invcstigation. 
Th e  osteogenic sarcomata  in T P T X  rats 

produced only slightly less AP into the serum 
dur ing the later stages of  tumour  growth than 
did the intact  controls. T h e  turnouts repre- 
sented a smaller percentage of the carcass 
weight at sacrifice in the T P ' F X  rats, which 
may account  tbr the lower serum enzwne 
concentrat ion,  and the effects of the ahsence 
of P T H  and calcitonin may  have been abro- 
gated to some extent  by the presence of other  
st imulating agents. Th e  higher serum AP 
levels in the T P T X  rats in relation to tumour  
weight suggest that the tumour  cells wcrc 
losing the enzyme at an enhanced rate, and 
the P T H  or calcitonin may be responsible for 
restricting this loss. In ~'iz, o il~icctions of SC'F 
produced a transient reduct ion in scruin AP 
concentra t ion and P T H  thiled to give a clear 
indication of reduced serum AP activit} al- 
though the SCT- t rea ted  rats did have tu- 
mours containing a higher  concentra t ion of 
AP than thosc in P TH - t r ea t ed  rats. Th e  
action of these hormones may be more clearly 
demonst ra ted  by in vitro experiments  in lhe 
absence of other  st imulatorv or inhibitory 
factors. 

T h e  results of thcsc experiments  indicate 
that  there may be various hormonal  influences 
affecting the synthesis and release of alkaline 
phosphatase by this osteogenic sarcoma in the 
rat. Since thcrc appear  to be a n u m b cr  of 
factors att'ecting the growth of this turnout 
and its differentiated enzyme activity, i1~ z,ilro 
techniques would appear  to be the most useful 
for clarii}.ing these efl'ects and may  help to 
throw light on the possible hormonal  in- 
fluences governing development ,  growth and 
activity of human  osteosarcomata.  
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