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Serum hyaluronic acid in patients with disseminated
neoplasm
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SUMMARY Hyaluronic acid concentrations were measured by a laser nephelometric assay in serum

samples from 50 patients with advanced disseminated neoplasm and 50 healthy controls matched
for age and sex. The identity of hyaluronic acid was confirmed by a combination of electrophoretic
and enzymatic techniques. The mean serum hyaluronic acid concentration for the control group was
1 09 mg/I, with a range of0-4 mg/l. The mean concentration for patients with neoplastic disease was
10 38 mg/l, with a range of 0-100 mg/l. Sixty two per cent of the patients with disseminated neo-

plasm had serum hyaluronic acid concentrations above the control range. There was no correlation
between the increased concentration of hyaluronic acid and tumour type, serum bilirubin, serum

alkaline phosphatase, or serum urea concentrations. There was a higher incidence of hyper-
calcaemia in patients with increased hyaluronic acid concentrations, but the correlation between
hyaluronic acid and calcium concentrations was not significant. In view of the possible role of
hyaluronic acid in cellular differentiation and morphogenesis the finding of increased hyaluronic
acid concentrations in patients with advanced neoplastic disease may be of fundamental importance
in cancer biology.

Hyaluronic acid is a high molecular weight gly-
cosaminoglycan composed of alternate glucosamine
and glucuronic acid units. It has a key structural role
in connective tissue ground substance' and is also
found in unusually high concentrations in fetal tis-
sues.2 Since 1957 there have been sporadic reports of
hyaluronic acid production by certain tumours.35
Hyaluronic acid is present in the urine of neonates but
is not normally found in the urine of adults.6 In 1978
we reported the presence of hyaluronic acid in the
urine of about 30% of patients with disseminated
neoplasm.7 Having developed a laser nephelometric
assay for serum glycosaminoglycans we subsequently
found that hyaluronic acid may be detected in low
concentration in the serum of some healthy individu-
als.8 We now report the presence of a striking increase
in serum hyaluronic acid concentration in some
patients with disseminated neoplasm.

Patients and methods

Fifty patients were studied, all of whom had well doc-
umented evidence of advanced neoplastic disease,
including hepatic or skeletal metastases, or both.
Samples of serum from venous blood were paired
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with samples from 50 healthy volunteers matched for
age and sex and stored at - 20°C for up to four weeks
before analysis.

Hyaluronic acid assays were performed by the
method of Warren and Manley,8 which entails addi-
tion of cetylpyridinium chloride to serum anid mea-
surement of the cetylpyridinium-chloride-polyanion
complexes by laser nephelometry before and after
digestion with streptomyces hyaluronidase. For qual-
itative study of serum glycosaminoglycans serum
samples (5 ml) were digested with papain and dialysed
against water. Glycosaminoglycans were isolated by
precipitation with cetylpyridinium chloride; the com-
plexes were dissociated in 2 M sodium chloride and
finally precipitated as sodium salts in ethanol. The
isolated glycosaminoglycans were separated by elec-
trophoresis on cellulose acetate membrane in veronal
acetate buffer, pH 9-2, and calcium acetate buffer, pH
5.0, and stained with 1% alcian blue in 2% acetic
acid.9 Hyaluronic acid, heparan sulphate, chon-
droitin sulphate, and streptomyces hyaluronidase
were obtained from Miles laboratories. Serum hyal-
uronic acid was identified by its electrophoretic
mobility, which was identical with that of a standard
-sample-of hyaluronic acid at both pH values, and its
total destruction when incubated with streptomyces
hyaluronidase (15 turbidity reducing units (TRU)/mg
glycosaminoglycan) for two hours at 37°C.
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Serum hyaluronic acid in patients with disseminated neoplasm
Serum concentrations of sodium, potassium, chlo-

ride, bicarbonate, urea, total protein, albumin, bili-
rubin, alkaline phosphatase, calcium, and phosphate
were measured by continuous flow analysis using a
Vickers SP120 RT analyser. Calcium values were cor-
rected to an albumin value of 40 g/l, assuming
0 025 mmol calcium g albumin.

Results

Serum hyaluronic acid concentrations in the control
group were in the range < 0 5-4 mg/l, with a mean of
1 09mg/i; this is in close accord with normal values
previously found with this method.8 Serum hyal-
uronic acid concentrations in the patients with neo-
plastic disease were in the range <0 5-l00 mg/I, with
a mean of 10 38mg/i. Sixty eight per cent of these
patients had values above 4 mg/l, and in 48% this was
above 5 mg/l (fig 1).

Because the precise upper limit of normal for serum
hyaluronic acid concentration has not yet been estab-
lished, the patients with neoplastic disease were
divided into three groups: group 1 consisted of
patients whose serum hyaluronic acid concentration
was clearly increased-that is, > 5 mg/l (24 patients);
group 2 was an intermediate group with serum hyal-
uronic acid concentrations of 4-5 mg/l (14 patients);
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Fig 1 Serum hyaluronic acid concentrations in 50 patients
with disseminated neoplasm and in 50 controls matchedfor
age and sex.

and group 3 consisted of patients whose serum hyal-
uronic acid concentration was clearly normal-that
is, <4mg/l (12 patients). In group 1 83% of patients
had increased serum concentrations of alkaline phos-
phatase, 46% had increased calcium values, 46% had
increased urea values, and 36% had increased bili-
rubin values (table). In group 2 the results were as
follows: increased alkaline phosphatase 93%,
increased calcium 29%, increased urea 50%, and
increased bilirubin 36%. In group 3 the figures were
increased alkaline phosphatase 83%, increased cal-
cium 25%, increased urea 33%, and increased bili-
rubin 33%. There was no clear correlation between
serum hyaluronic acid concentrations and tumour
type.

Glycosaminoglycans isolated from serum samples
with raised hyaluronic acid concentrations by laser
nephelometry showed an alcian blue positive electro-
phoretic band of mobility identical with that of stan-
dard hyaluronic acid at pH 9-2 (fig 2) and pH 5 0.
This band was totally destroyed by incubation with
streptomyces hyaluronidase, which is highly specific
for hyaluronic acid.10 This band could not be clearly
identified in control samples or in samples from
patients with neoplastic disease with normal serum
hyaluronic acid concentrations.

Discussion

The finding of increased, in some cases greatly
increased, serum concentrations of hyaluronic acid in
more than half of the patients with disseminated neo-
plasm was unexpected. Clearly, the trace of hyal-
uronic acid found in the urine of some patients with
disseminated neoplasm was but a shadow of the strik-
ing phenomenon reported here.'
The increased serum concentrations of hyaluronic

acid in patients with neoplastic disease are unlikely to
be due to hepatic or renal failure. There was no
significant difference in serum bilirubin, alkaline
phosphatase, or urea concentrations between the
patients with increased serum hyaluronic acid con-
centrations and those with normal values. Slight
increases in serum hyaluronic acid concentration
have been reported in some patients with
inflammatory disease, including rheumatoid arthritis,
(up to 7-0 mg/1), but the mean value for this group
(1 -07 mg/1) was not significantly different from that
for the control group. " The incidence of hyper-
calcaemia in the patients with raised serum hyal-
uronic acid concentrations (46%) was higher than
that in patients with normal serum hyaluronic acid
values (25%), but this difference was not significant (p
> 0 1). We have not encountered similar increases in
serum hyaluronic acid concentration in cases of non-
neoplastic hypercalcaemia. " The series reported here

i
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Clinical and biochemical data* on 24 patients with disseminated neoplasm and raised serum hyaluronic acid concentrations (> 5 mgll)

Serum hyaluronic
acid (mg/l) Serum alkaline Serum calcium Serum urea Serum hilirubin

Case Age phosphatase (U/l) (corrected) t (mmol/l) (mmol/lI) (Pmoll/)
No (years) Sexr Tumour type Patient Control (20-90 U/l) (21-2-6 mmol/l) (2-5-6-6 mmol/l) (5-17 pmolll)

1 77 F Adenocarcinoma of 100 0 2-2 > 500 3-23 8 9 87
stomach

2 73 F Squamouscarcinomaof 70 1.0 182 3 29 40 6
bronchus

3 27 F Adenocarcinoma of ovary 7 0 <0 5 80 2 31 3-5 8
4 76 M Adenocarcinoma of colon 7 0 05 298 2 78 23-0 11
5 65 M Adenocarcinomaof 7-0 <0 5 305 2 14 2-8 7

pancreas
6 84 M IgG myeloma 10 0 20 197 242 3-7 12
7 58 F IgG myeloma 8 0 0 75 70 2 39 4 2 10
8 66 M IgG myeloma 10 0 <0-5 85 2 50 9 0 8
9 86 F Adenocarcinoma of colon 6-0 0-5 354 2 41 8-2 9
10 74 F Squamouscarcinomaof 13 5 10 132 303 60 5

bronchus
I 1 84 F Adenocarcinoma of breast 6-0 2 0 133 2-32 5 0 10
12 64 M Adenocarcinoma of 30 0 <0 5 > 500 2 72 5 0 28

stomach
13 40 F Adenocarcinoma of breast 52 5 0 75 464 2 74 8 9 72
14 71 F Adenocarcinoma of breast 8 0 2 5 412 2 25 4-0 8
15 67 F Adenocarcinoma of ovary 64-5 1.0 > 500 2-75 4 5 15
16 61 M Squamous carcinoma of 24 0 0 5 > 500 2-85 9 9 160

bronchus
17 53 F Adenocarcinoma of ovary 22-0 3 0 > 500 3 81 8-5 7
18 55 F Adenocarcinoma of colon 10-0 0-75 126 2 46 3 0 6
19 84 F Adenocarcinoma of colon 12 5 1 0 > 500 2 44 6-3 27
20 67 F Undifferentiated 8 0 2-2 > 500 2 12 9-7 > 300

carcinoma of breast
21 74 F Squamous carcinoma of 8 0 0 5 73 3-79 17-0 14

bronchus
22 48 F Adenocarcinoma of breast 7 0 1-5 >500 244 50 66
23 64 M Adenocarcinoma of colon 6 0 <0 5 > 500 2 52 5-4 53
24 65 F Undifferentiated 7-0 2 5 223 3-26 5.9 5

carcinoma of breast

*Normal ranges are given in parentheses.
tCalcium values were corrected to an albumin of 40 g/l, assuming 0-025 mmol calcium/g of albumin.
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Fig 2 Electrophoretic patterns of (a) standard
glycosaminoglycan mixture containing chondroitin-4-sulphate I0I _I _I _I _I
(CS), heparan sulphate (HS), and hyaluronic acid (HA); 60 50 40 30 20 10 0
(b) glycosaminoglycans isolatedfrom serum ofone patient Days before death
(case 1) with disseminated neoplasm; and (c)
glycosaminoglycans isolatedfrom serum ofhealthy control Fig 3 Serial measurements ofserum hyaluronic acid
matchedfor age and sex. Electrophoretic origin is indicated concentration in one patient with disseminated carcinoma of
by 0. ( Veronal acetate buffer, pH 9 2; alcian blue stain.) breast showing rapid rise towards point ofdeath (case 13).
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Serum hyaluronic acid in patients with disseminated neoplasm 629
is too small to allow firm conclusions to be made
about the relation between hypercalcaemia and hyal-
uronic acidaemia in patients with neoplastic disease,
but we suspect that both may be independent phe-
nomena associated with terminal neoplastic disease.
In our previous study the patients with hyaluronic
acid in their urine were all dead at follow up after
three months.7 In the present study we were able to
assay serial samples in three patients and found rap-
idly rising serum hyaluronic acid concentrations up to
the point of death (fig 3).

Possible reasons for the increased serum concen-
trations of hyaluronic acid in patients with neoplastic
disease include a release of hyaluronic acid from con-
nective tissue ground substance by invading neo-
plastic cells, the inhibition of hyaluronic acid catabo-
lism by the production of hyaluronidase inhibitors,
and the production of hyaluronic acid by the tumour
cells themselves or as a result of their interaction with
normal cells.

Increased amounts of hyaluronic acid have been
shown in some human tumour tissues-notably, neu-
roblastoma, breast tumours, adenocarcinoma of
colon, mesothelioma, and Wilms' tumour.4 Increased
serum hyaluronic acid concentrations have been
reported in patients with neuroblastoma3 and in a
case of Wilms' tumour.'2 In neither of these reports
was the source of the hyaluronic acid clearly estab-
lished, but in the case of Wilms' tumour the authors
concluded that the production of hyaluronic acid was
related to the tumour since concentrations decreased
promptly and dramatically on treatment with vin-
cristine and became normal after the tumour was
removed. Further evidence that hyaluronic acid may
be a product of'tumour cells comes from the finding
that transformation of green monkey kidney cells
with SV40 leads to an accumulation of excess hyal-
uronic'acid as compared with their counterpart nor-
mal cells.'3 On the other hand the work of Knudson
etal suggests that the increased production of hyal-
uronic acid in patients with neoplastic disease may
depend on an interaction between tumour cells and
normal fibroblasts. '4 They found that coculture of
human LX- 1 lung carcinoma cells and normal human
fibroblasts produced three times more hyaluronic
acid than the sum of that produced by LX-1 and
fibroblast cultures grown separately.
As hyaluronic'acid is found in particularly high

concentrations in fetal tissues,2 increased serum hyal-
uronic acid concentrations in patients with neoplastic
disease may be an oncofetal phenomenon. It would be
a particularly interesting one as hyaluronic acid, as a
non-protein is not (in our current concept of genetic
information transfer) thought to be a direct gene
product.
Of central importance in cellular differentiation,

and hence in neoplasia, is the positional sense of a cell
in relation to its fellows. Little is understood of mech-
anisms here, but the intricate patterns of the molecu-
lar scaffolding of the intercellular matrix may be
important. In connective tissue ground substance
hyaluronic acid exists as long intercellular chains of
high molecular weight, into which are linked pro-
teoglycans containing variable chains of chondroitin
sulphates and keratan sulphates.'

In the field of pure speculation, the detailed molec-
ular organisation of the intercellular hyaluronate-
proteoglycan complexes would seem morphologically
suited to a role in intercellular information transfer.
In even wilder speculation, might a cell surface defect
in the neoplastic cell, which damages its ability to rec-
ognise the hyaluronic acid based intercellular
scaffolding, lead to an increased production of hyal-
uronic acid analogous to the increased cellular syn-
thesis of cholesterol in low density lipoprotein recep-
tor defect?'5 Of course, there is no evidence for this at
present, but there is already some evidence that hyal-
uronic acid has a role in intercellular commu-
nication,16 cell adhesion,'7 and morphogenesis.'8
Against this background the finding of considerably
raised serum hyaluronic acid concentrations in
patients with a wide range of neoplastic diseases may
point to a phenomenon of fundamental importance in
neoplasia.

We gratefully acknowledge financial assistance from
the Torbay Hospital Special Medical Projects and
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