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Scrum total, different isoforms of both alkaline and acid 
h^phatases, liver function enzymes, calcium, inorganic 

P
h0sphate, heamatocrit, white blood cells and platelet 

counts were determined in 50 female patients suffering from 
breast cancer. The serum total alkaline and total acid 
phosphatases within the breast cancer group were variable 
with significant elevation of both enzymes compared with 
the corresponding control values. The activities of alanine 
and aspartate transferases were higher than the control 
values, while the decreases in serum albumin and 
heamatocrit were statistically significant. In the breast 
cancer patients, the increases in the activities of both heat 
and urea labile alkaline phosphatases were significant. 
Similarly, in the patients, the tartratc-labile acid 
phosphatases activity was significantly elevated while the 
difference in tartrate resistant activity was not significant. 

In 9 patients (18%), both total alkaline and acid 
phosphatases were excessively raised when compared with 
the control. The increased activities of urea-labile and heat-
labile alkaline phosphatases as well as tartrate-resistant acid 
phosphatases are suggestive of increased activities of 
osteoclast and osteoblasts associated with bone metastasis. 
A possible diagnostic importance of this observation 
deserves further investigation, using monoclonal antibody 
techniques. 
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Resume 
Le total du serum, les differents isofomes de la phosphatase 
alkaline et acide, la function des enzyme du foie, le calcium, 
le phosphate inorganiquc, rheroatocrite, les comptc des 
glubules blanc et des plate lettes ont 616 determined chez 50 
patietns femellcs souffrant du cancer du sein. Le total du 
serum alkalin et de la phosphatase acide dans le groupc des 
femmes ayant le cancer du sein a variable avee une 
elevation significative du deux enzymes par rapport a ceux 
des valeurs des controles. Les activitds de 1'alanine et de 
1'aspartate transferase ont dtd grande chez les controles 
alorsque une baisse significative du albumine serine, et 
rhematocritc a dtd observe chez les patients souffrant du 
cancer du sein. Chez les meme patietns les ac t iv i ty du 
stress Puree labile et 1'alkaline phosphatase ont 
significanivement eleves, alaorsque la difference dans 
reactivity resistante au stress n ' a pas etd significative. 
Similairement, chez ces patients l 'act ivi t l de la tartratc-
labile acide phosphatase a etd significativemcnt eleves 
alorsque la difference dans la resistance de I'activititd de a 
la tartate a statiqucment significative. 
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Chez 9 (18%) des patients, les phosphatases alkalincs 
et acidcs ont <St£ cxccssivement <Hcvd Porsque compard aux 
controles. L'augmcntation des activities de I'uree labile et 
de la phosphatase alkaline labile au stress de meme que cells 
de phosphatase acide resistante & la tartrate suggercnt une 
augmentationd cs activities de Posteocolastes associe aux 
mctastates des OS. Ces observations represent une 
possibilite importante de diagnostiquc. Unc investigation 
plus profondc cn utilisant la technique des anticorps 
monclones est necessaire. 

Introduction 
Cancer of the breast is a global problem and a large number 
of new cases are adequately diagnosed every year [ 1 ]. Bone 
metastasis is frequently observed in breast cancer patients 
and this is often associated with a higher mortality rate 
[Wi-

lt has been suggested that in cancer patients with bone 
metastasis, increased activities of osteoclasts and osteoblasts 
can affect specific biochemical components of the bone 
[5,6]. This is supported by the work by Coleman and 
Reuben [7], who demonstrated increased bone isoenzymes 
of acid (ACP) and alkaline (AP) Phosphatases in breast 
cancer patients with bone metastasis. Also Wada et al [8] 
found increased activities of total acid and alkaline 
phosphatases as well as lactate dehydrogenase in breast 
cancer patients with bone metastasis, while other workers 
recorded altered serum calcium, inorganic phosphate, 
osteocalcin and hyroxyproline concentrations as well (5,6]. 
The stage at which these biochemical changes occur has not 
been well documented. Mamiya et al [9] found a significant 
elevation of alkaline phosphatases activity in 64.8% of their 
breast cancer patients in whom bone metastasis was not 
established. This leads one to speculate that changes in 
certain biochemical parameters may occur in breast cancer 
patients before the clinical manifestations of bone 
metastasis become obvious. In this study, we therefore 
evaluate the activities of scrum AP and ACP isoforms using 
heating or specific inhibitors as well as other biomedical 
parameters in female breast cancer patients at different 
stages, but without any identifiable clinical manifestations 
of bone metastasis. 

Materials and methods 
Subjects 
Fifty female patients, aged 20-62 years (mean ± SE = 45 ± 
1.9) who were either attending the Surgical Outpatients' 
Clinic or were on admission at the University College 
Hospital, Ibadan and diagnosed as having cancer of the 
breast were studied. Their ages, body weights and duration 
of disease were recorded. The patients were clinically 
assessed and divided into the different stages of disease 
progression by the attending surgeon. 
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The patients were classified into different stages, using 
Manchester classification, as follows: 
Stage I: The tumour is confined to the breast and is 

attached to the underlying muscle with no axillary 
node involvement. Skin attachment or ulceration 
when present must be in continuity with the 
tumour and extended beyond it. 

Stage 2: As in Stage 1 but with mobile axillary lymph node 
involvement. 

Stage 3: i. Skin movement is beyond periphery of the 
tumour, or 

ii The tumour is attached to the underlying 
muscle, or 

iii. Axillary lymph nodes are mobile or fixed but 
not distant metastatses. 

Stage 4: a. Lymphatic spread is beyond the ipsilateral 
axilla or 

b. Distant blood borne metastases are present. 

None of the patients had clinical manifestations of bone 
disease and all patients clinically assessed to suffer from 
any liver disease, or bone disease or leukaemia were not 
included in the study. All investigations were performed 
before surgical operation and/or commencement of 
treatment with either chemotherapy or radiotherapy. 
Twenty-five apparently healthy women within the same age 
range served as the control group. 

Blood sampling 
Blood samples were collected by venepuncture from all 
subjeqts into plain bottles. Serum was isolated by 
centrifugation at 3,000rpm at ambient temperature. 
Samples were stored at —10°C until the different 
biochemical parameters were analysed. 

Analyt ical p r o c e d u r e 
Heat and urea enzyme inhibition 
Total and heat stable scrum AP activities, using the 
modified method of Kind and King [10] were measured 
before and after incubation of serum for 15 minutes at 56°C 
in a well-regulated temperature-controlled water bath. The 
heat-labile AP activity was calculated as the difference 
between total and heat stable activities. Total and urea-
stable [12] serum AP activities were measured [10] after 
incubation of serum for 18 minutes at 37°C in the presence 
or absence of 2mol/L urea solution (1:10 v/v) [12], The 
urea-labile activity was calculated as the difference between 
total and urea-stable activities. 

Tartrate enzyme inhibition 
Total and tartrate stable serum ACP activities were 
measured using the method of King and Jegatheesan [13] 
after incubation of serum for 60 minutes at 37°C in the 
presence or absence of 1 m/L L+tartrate solution. The 
difference between total and tartrate stable activities was 
regarded as tartrate labile ACP. 

Serum Transferases 
Aspartate (AST) and alanine tranferases (ALT) were 
assayed at 37°C using the modified method [14] of Reitaan 
and Franke [15]. 

Serum proteins 
Serum total protein was assayed using the Wilt and 
Trcndlenberg method [161 while the Bromocresol dye-
binding technique was used for the quantitation of albumin 
[17], 

Other biochemical determinations 
Serum calcium and inorganic phosphate concentrations 
were carried out using automation technique (Hitachi 740, 
Tokyo. Japan). 

Statistical analysis 
Statisitcal analyses were performed using Chi-square test, 
ANOVA. Pearson correlation and Students t-test. P < 0.05 
was regarded as significant. 

Results 
Table 1 shows the mean ± SE values for the biochemical 
and haematological parameters in all subjects . Total 
protein, inorganic phosphate, calcium, platelet and white 
blood cell counts were not significantly altered in the breast 
cancer patients when compared with the corresponding 
control values. On the other hand, the mean serum albumin 
and haematocrit levels were signif icantly ( P < 0.05) 
reduced, while the activities of A L T and A S T were 
increased (P < 0.01) in breast cancer patients when 
compared with the corresponding control values. 

Tab le 1: Biochemical and haematological parameters 
(Means ± S.E) in all subjects 

Parameters Patients N = 50 Controls N = 25 P-
Mean ± S.E Mean ± S.E value 

PCV% 33 92 ± 0 06 37 88 ± 0 24 0 05 
WBC (cm1) 4 606 ± 106 7 3.934 ±89 74 ns 
Platelet (cm1) 210 160 ±9825.45 100 800 ±890 25 ns 
ALT (i.u) 18 20 ± 2 00 13.72 ± 0 66 004 
AST (i u) 44.86 ±4 84 25.52 ± 2 7 0.002 
Total protein (g/L) 71 06 ± 2 01 7244± 1.09 ns 
Albumin (g/L) 32 75 ± 1 68 39 68 ± 0 66 0 005 
Calcium (mg/IOOml) 8.33 ± 0 2 4 9.12 ±0.17 ns 
Inorganic phosphate 2 99 ±0.12 3.34 ± 0 9 ns 
(mg/IOOml) 

N = number of subjects 
S.E = Standard error of mean 
PCV = Packed cell volume 
W B C = White blood cell count 
ALT = Alanine transferase 
AST = Asparate transferase 

Table 2 shows the mean activities of the different isoforms 
of both AP and A C P in all the subjects. In the breast cancer 
patients, the respective activities for both scrum total AP 
and ACP ranged from normal to high levels with mean 
values significantly elevated when compared with the 
corresponding control levels {P < 0.02; P < 0.001). 
respectively. Also, the activities o f both heat-and urea-
labile AP were increased ( P < 0.02), while the change in the 
heat resistant AP was not significant when compared with 
the corresponding control values. However, the percentage 
contribution of the heat-resistant AP to the total activity was 
significantly reduced in the breast cancer patients (20.4 vs 
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44 | % ) (P < 0 0 0 1 ) A s lor A C P , the m e a n va lue for the 
tartratc-labile f rac t ion w a s s ign i f i can t ly e l eva t ed in the 
breast cancer pa t i en t s (P < 0 .002) . 

Acid and a lka l ine p h o s p h a t a s e ac t iv i t ies in all Tab le 2: 
MlblCCtS 

Parameters Patients N = 50 
Mean ± S .E 

Controls N = 25 p-
Mcan ± S.E value 

lotal AP(iu) 

Heal resistant AP 
CI U ) 

Heat labile AP (i u) 
•>„ Heat resistant 
AP 
Urea labile AP 0 u) 

Total ACP ( i " ) 

Tartrate resistant 
ACP (in) 
Tartrate labile 

% Tartrate resistant 
ACP 

97 9 5 + 19 78 

17 96 ±2.54 

79 9 9 ± 17 24 

20 35 ± I 44 

73 44 ± 16 0 

43 34 ± 3 73 

26 64 ± 3 26 

17.70 ± 0 16 

6 15 ± 4 4 

38 16 ± I 58 0002 

mean level o f 18.5 ± 0.6 i.u. The activities o f A L T and the 
isoenzymes ol both A P and A C P were significantly elevated in 
the ' h igh ' total A C P group when compared with the 
corresponding values of in the ' no rma l ' total A C P group (P < 
0.01; P < 0.001; P < 0.002). The A S T activity, calcium and 
inorganic phosphate concentrat ions were not significantly 
different in both groups. 

T a b i c 4 Biochemical parameters in ' h igh ' and ' no rmal ' total 
acid phosphatase groups 

ACP = Acid p h o s p h a t a s e 
AP = A l k a l i n e p h o s p h a t a s e . 

A s s h o w n in Table 3. 
elevated s e r u m total A P ac t iv i ty (> 108 i .u) wi th a m e a n 
level o f 274 .5 ± 90 .0 i.u., wh i l e the r ema in ing 41 patients 
(82%) had normal total A P activi t ies wi th a m e a n value o f 58.9 
± 3.4 i.u. The inorganic p h o s p h a t e concentra t ion , the activities 
of the liver enzy m e s and the d i f fe ren t i so fo rms of A P were 
significantly elevated in the ' h i g h ' total AP , whi le the 
corresponding value in the ' n o r m a l ' total A P g roup was about 
41%. The mean ca lc ium concen t ra t ions w e r e not s ignif icantly 
different in both groups. 

Tab le 3: B iochemica l pa r ame te r s in ' h i g h ' and ' n o r m a l ' 
total alkaline phospha ta se g r o u p s 

38 16 ± 1.58 ns 
Parameters High AP > 28 i.u Normal AP P-

23 1 4 ± 0 79 0 002 N - 3 2 < 28 i.u value 
44 11 ± 0 69 0 001 mean ± S.E mean I S D 

Total AP (i.u) 5 5 9 0 1 4 . 1 5 18 4 6 1 0 . 5 7 0 001 
24 7 6 1 2 60 0 002 Tartrate resistant ACP (i u) 32 21 1 3 91 9.23 1 I 28 0 001 
24 7 6 1 0 69 0.01 Total AP (i u) 113 2 7 1 2 5 82 40 0 7 1 4 83 0 001 
14 2 8 1 1 04 0002 Heat labile AP(i.u) 89 20 + 20 80 34 0 7 1 3 01 0 02 

Urea labile AP(i.u) 75 7 4 1 9 20 23.31 12.24 0 001 
10 4 8 1 0 . 7 0 002 Heat resistant AP (i.u) 2 4 . 0 7 1 2 27 6 0 1 0 . 6 1 0001 
58 33 1 2 9 0 001 Urea resistant AP(i.u) 37 5 3 1 0 . 1 9 2 .7210.22 0.001 

Calcium (mg/lOOml) 8 7 9 1 0 19 7 8 6 1 0 4 2 ns 
Inorganic phosphate 3 0910 .20 2 . 7 2 1 0 22 ns 
(mg/lOOml) 
ALT (i u) 18 7912 .63 14 3 8 1 0 97 0 0 0 

n i n e p a t i e n t s ( 1 8 % ) had 
AST (i u) 40 0 5 1 4 89 40 3 8 1 7 87 ns 

The ana lys i s o f va r i ance s h o w e d that the 
concen t ra t ion of total A C P . total A P , ca l c ium and i no rgan i c 
p h o s p h a t e were independen t o f the s tage of p rogres s ion o f 
the breast cancer (Tab le 5). 

T a b l e 5: Sc rum ca lc ium levels and d i sease s ta te in breas t 
c a n c e r pa t ien ts 

Source of variation Sums of Df Mean Fobs P 
square square 
0 0 7 I 0.07 0 0 4 6 ns 

Parameters High AP > 108 iu Normal AP P-
N = 9 < 1 0 8 i u vaJuc 

mean 1 S.E N = 41 

mean ± S.D 

Total AP (i u) 274.52 ± 90.50 58.87 ±3.41 0 001 

1 leat resistant AP (i u) 22 88 ±0 .25 7 36 ± 0 53 0001 

Urea resistant AP(i u) 69 66 ± 19 66 20 00 ± 1.24 0.001 

Total ACP (i.u) 32.25 ±6.31 42.12 ±4 .52 0.001 
Tartrate resistant ACP (i.u) 31 66 ± 5 . 2 7 24 92 ± 3 80 0 001 
Calcium (mg/lOOml) 8 6 ±0 .30 8.49 ± 0.22 ns 
Inorganic phosphate 4.17 ± 0.6 2.60 ± 0 13 0001 
(mg'lOOml) 
ALT (i u) 20 66 ±7 .42 15 09 ± 1 09 0 0 1 
AST (i u) 50 66 ± 12 57 4 4 0 2 ± 06 0 0 1 
Urea labile AP(i u) 216.74 ±70.32 38.87 ± 1 91 0 02 
Heat labile AP(i u) 251.32 ± 8 0 20 51 51 ± 1 91 0 0 2 

Column Disease 
Stages III IV 

Row Age of 0 06 1 0 06 0 40 ns 
patients 

CXR 1.04 1 104 0 689 ns 
Within 49.73 33 1 5 

Total 4990 36 

n s = not s ign i f ican t . 

S imi la r ly , the du ra t ion of d i sease and the p r e s e n c e of 
a d v a n c e d s tages of breas t c a n c e r w e r e i n d e p e n d e n t o f e ach 
o t h e r ( T a b l e 6). 

T a b l e 6: D i s e a s e s t age and du ra t ion o f d i s e a s e in b reas t 
c a n c e r pa t i en t s 

Similarly, when the pat ients w e r e c lass i f ied as hav ing 
normal or high levels o f total A P (Table 4) , 3 2 pat ients ( 6 5 % ) 
had high total A P (> 2 8 i.u) with a m e a n va lue o f 55 .9 ± 4 . 2 i.u, 
while 18 patients ( 3 6 % ) had n o r m a l va lues (< 2 8 i.u) wi th a 

Duration Disease III Stages IV Total 
N = 11 N = 3 N = 14 

Before 6 months (8 84) (5.15) 
2 8 9 4 % 7.89% 36.83% 
N = 13 N = 11 N = 24 

Alter 6 months (15 15) (884) 
34.21% 28 94% 63 15% 
N = 24 N = 14 N = 38 

Total 63.15% 3 6 8 3 % 100% 
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The number in parentheses arc the expected ccll 
frequencies. 
(X2 = 2.30; df = 1; A* < 0.05) 

There were no significant correlations between total 
AP, ACP and calcium or phosphate except for that between 
total ACP and calcium concentration in the cancer patients 
(P < 0.05). The urea and heat-labile AP activities were 
significantly correlated with the activities of tartrate-
resistant ACP only in the cancer patients. 

Discussion 
In this study, we measured some biochemical parameters in 
breast cancer patients who had no recognisable clinical 
manifestation of bone metastasis. We have demonstrated in 
the patients that both total AP and ACP showed large 
variations with mean activities significantly higher than 
those of the corresponding control levels. 

Elevation of scrum ACP and AP is closely associated 
with the presence of bone metastasis in cancer patients 
[7,8]. Although accuracy of prediction of the presence of 
bbne metastasis using biochemical parameters has not been 
well defined. Several studies [8.18] demonstrate a high 
heat-labile AP activity in breast cancer patients in whom 
bone metastasis has been radiologically established. Similar 
to these earlier studies, we found that both heat-and urea-
labile AP as well as tartrate-resistant ACP were elevated in 
our patients. This may reflect increased activities of 
osteoclasts and osteoblasts associated with bone metastasis. 
In fact, the study of frequency et al [19] strongly suggested 
that bone related isoforms of alkaline phosphatase can be 
used in the early detection and follow-up of bone metastasis 
in breast cancer patients. Therefore, it is reasonable to 
assurfie that similar changes in ACP and AP can occur in 
patients with sub-clinical or early stage bone metastasis. 
Using the highest enzyme activity in the control group as 
the cut-off point, 9 patients (18%) had a high AP (> 108 
i.u), while the remaining 41 patients (82%) belonged to the 
normal AP group. In the 'h igh ' AP group, the major 
increase (5-fold) was due to an increase in the bone-related 
isoform. It was also significant that the tartrate-resistant 
ACP in the "high* AP group was high while the 
corresponding value was actually reduced in the 'normal ' 
AP group. In both groups, ALT and AST were within the 
reference ranges for this community, but the inorganic 
phosphate concentration was significantly increased in the 
'h igh ' AP group. 

When the patients were classified as having high or 
normal total ACP using the highest activity in the control 
group as cut-off point, 32 patients (64%) had high, while 18 
patients (36%) had normal total ACP levels. Both tartrate-
labile and resistant ACP, total, heat-labile and heat-resistant 
AP were significantly elevated in the high ACP group when 
compared with normal ACP group. It was also significant 
that all patients who had high A P belonged to the high ACP 
group. The changcs in the different biochemical parameters 
were independent of age, duration as well as the progression 
of the disease. The study by Dcsoize et al [20,21] suggests 
that increased tartrate-resistant ACP, heat-and urea-labile 
AP activities arc markers of the activities of osteoclasts and 
osteoblasts respectively. Therefore, one possibility which 
needs further evaluation is that the biochemical changes 
observed in the high AP group arc early signs of sub-
clinical/ early stage bone or liver metastasis. However, the 

changes in scrum liver e n z y m e s were wi th in the normal 
range of values for normal individuals in this communi ty 
and therefore suggest minimal liver damage , if any at all, in 
these patients. We can therefore exc lude the presence of 
liver metastasis. Further s tudies us ing monoclonal 
antibodies prepared against specif ic i soenzymes of A P and 
A C P should be carricd out in breast cancer pat ients to assess 
the diagnostic value of these e n z y m e s in the early detect ion 
of sub clinical/early stage bone metas tas is in such patients. 
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