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Summary Hyaluronan (HA), an extracellular high-molecular-mass polysaccharide, is supposed to be involved in the growth and progression
of malignant tumours. We studied the cellular expression of HA in 215 operated stage I–IV gastric cancer patients using a specific biotinylated
probe. Most (93%) of the tumours showed HA staining in their parenchyma, whereas the stroma inside and around the tumour was stained in
every case. When HA expression was compared with the clinical and histological features of the tumours, a strong staining intensity in the
tumour parenchyma was found to be associated with deep tumour invasion (pT3 or 4) and with mixed type of Laurén. A high proportion of HA-
positive cells of all neoplastic cells was significantly associated with deep tumour invasion, nodal metastasis, positive lymphatic invasion, poor
differentiation grade, as well as with inferior prognosis in univariate survival analysis. However, in multivariate analysis, only pT, pN, and
vascular and lymphatic invasion emerged as independent predictors of survival in gastric cancer. The results indicate that ectopic HA
expression is a frequent feature of gastric adenocarcinoma, and is associated with tumour progression and poor survival rate.
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Table 1 Clinicopathological data of the 215 gastric cancer patients

Depth of invasion
pT1 32 (15%)
pT2 37 (17%)
pT3 126 (59%)
pT4 19 (9%)
pTX 1

Size of the tumour
< 2 cm 22 (10%)
2–5 cm 48 (22%)
5–10 cm 59 (27%)
> 10 cm 41 (19%)
Not known 45 (21%)

Laurén classification
Diffuse 101 (47%)
Intestinal 85 (40%)
Mixed 20 (9%)
Unclassified 9 (4%)

Vascular invasion
Negative 195 (91%)
Positive 17 (8%)
Not assessed 3 (1%)

Perineural invasion
Negative 117 (54%)
Weak 71 (33%)
Strong 25 (12%)
Not assessed 2 (1%)

Nodal status
pN0 96 (45%)
pN1 88 (41%)
pN2 16 (7%)
pNX 15 (7%)

Location of the tumour
Proximal third 34 (16%)
Middle third 31 (14%)
Distal third 111 (52%)
More than one-third 38 (18%)
Not known 1

Differentiation grade
Grade I 28 (13%)
Grade II 54 (25%)
Grade III 29 (13%)
Not assessed 104 (48%)

TIL
Weak 126 (59%)
Moderate 64 (30%)
Strong 16 (7%)
Not assessed 9 (4%)

Lymphatic invasion
Negative 117 (54%)
Weak 61 (28%)
Strong 35 (16%)
Not assessed 2 (1%)

Metastasis
M0 181 (84%)
M1 26 (12%)
MX 8 (4%)

TIL, tumour-infiltrating lymphocytes and plasma cells.
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Preparation of the biotinylated HA probe
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Assessment of HA staining
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Table 2 Hyaluronan expression in 215 gastric cancer patients

Staining No. of cases %

Stroma
Negative 0 0
Weakly positive 7 3
Moderately positive 42 20
Strongly positive 166 77

Tumour parenchyma
Negative 15 7
Weakly positive 30 14
Moderately positive 99 46
Strongly positive 71 33

The percentage of HA-positive cells
0 15 7
< 30 105 49
30–100 95 44

Mean fraction of HA-stained tumour cells is 32% (SD 29%)

Table 3 The association between clinicopathological variables and the HA-
staining intensity in the tumour parenchyma of 215 gastric cancer patients

Variable – + ++ +++ Statistics*

Depth of invasion
pT1 7 4 12 9 P = 0.002
pT2 2 12 15 8 χ3 = 30.3
pT3 5 13 60 48
pT4 1 1 12 5

Nodal status
pN0 0 17 44 26 P = 0.61 (ns)
pN1 5 11 39 33 χ2 = 7.2
pN2 1 1 7 7

Metastasis
M0 15 28 85 53 P = 0.066 (ns)
M1 0 2 9 15 χ2 = 11.8

Laurén classification
Diffuse 10 7 37 47 P = 0.0002
Intestinal 4 20 43 18 χ2 = 26.6
Mixed 0 1 13 6

Differentiation grade
Grade I 4 7 14 3 P = 0.010
Grade II 1 12 31 10 χ2 = 16.7
Grade III 0 2 16 11

Tumour location
Proximal third 2 6 22 4 P = 0.015
Middle third 0 6 12 13 χ2 = 20.4
Distal third 11 15 51 34
More than one-third 2 2 14 20

*Chi-squared test (Pearson).
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Figure 1 Affinity histochemical staining for HA in human gastric cancer.
Samples with a weak (A), moderate (B) and strong (C) positive signal for HA
in intestinal type of cancer. The adjacent stroma was always positively
stained for HA (star, A). Scale bar = 50 µm. (D) A sample with diffuse type of
cancer shows strongly positive cancer cells (arrow). Scale bar = 20 µm.
(E) On the left, positive HA staining with cytoplasmic involvement in intestinal
type of cancer; on the right, same sample of negative control treated with
Streptomyces hyaluronidase before the staining. Scale bar = 20 µm
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Table 4 The association between the clinicopathological variables and the
mean fraction of HA-positive cancer cells in 215 gastric cancer patients

Variable Fraction (%) Statistics*

Depth of invasion
pT1 12.2 P < 0.0001
pT2 24.1 F = 7.4
pT3 38.7
pT4 32.1

Nodal status
pN0 24.7 P = 0.077
pN1 36.8 F = 4.2
pN2 45.3

Laurén classification
Diffuse 32.7 P = 0.077 (ns)
Intestinal 29.4 F = 2.6
Mixed 45.8

Differentiation grade
Grade I 19.6 P = 0.006
Grade II 32.7 F = 5.3
Grade III 41.6

Lymphatic invasion
Negative 26.2 P = 0.002
Weakly positive 36.6 F = 6.6
Strongly positive 44.1

*Analysis of variance.

S
ur

vi
va

l (
%

)

100

80

60

40

20

0
0 40 80 120 160

Follow-up time (months)

A

B

C

Figure 2 Survival in stage I–IV gastric cancer patients as related to the
fraction of HA-positive tumour cells (n = 215, P = 0.0025, χ2 = 12.0). (A) all
tumour cells HA negative (n = 15), (B) < 30% of tumour cells HA positive
(n = 105), (C) 30–100% of tumour cells HA positive (n = 95). (A vs B:
P = 0.096), χ2 = 2.75. B vs C: P = 0.0098, χ2 = 6.67. A vs C: P = 0.0049,
χ2 = 7.93)
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