
Candida species, like all pathogenic
microorganisms, have developed specific
virulence mechanisms that confer the
ability to colonise host surfaces, to invade
deeper host tissue, or to evade host
defences (25). Adherence to host tissue is
the first step in the pathogenic process:
once the first contact between host tissues
and Candida has occurred, enzymes faci-
litate adherence by damaging or degrading
cell membranes and extracellular proteins

(8). The mechanisms of Candida species
adherence to many cell types or surfaces
are complex and still not elucidated.
Adherence is achieved by a combination
of specific (ligand–receptors interactions)
and nonspecific mechanisms (electrostatic
forces, aggregation, and cell surface hy-
drophobicity) (8). Specific adherence is
mediated by a number of target proteins
located as in the epithelial cell surface or in
the subepithelial extracellular matrix. Of

these, fibronectins are high molecular
weight adhesive glycoproteins involved
in cell adhesion and cell migration and
located in the extracellular matrix intersti-
tium (5, 8). Other microorganisms apart
from Candida, such as Staphylococcus
aureus and Streptococcus pyogenes, have
also been shown to adhere to extracellular
matrix protein fibronectins in vitro (48).
Furthermore, molecules (transmembrane
integrins) present on the surface of Candi-
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Background: Diabetes mellitus is a common disease found worldwide and it has been
previously suggested that oral candidal infections may be more frequent or severe in
patients with this disease. Systemic and local factors may influence the balance between
the host and yeasts, and favour the transformation of Candida isolates from commensal to
pathogenic microorganisms. Candida species have developed specific virulence mech-
anisms that confer the ability to colonise host surfaces, to invade deeper host tissue, or to
evade host defences. Few studies have investigated the expression of the virulence
attributes of oral Candida isolates in patients with diabetes mellitus.
Material and methods: The in vitro extracellular proteinase production and the in vitro
ability to adhere to fibronectin of 229 Candida isolates of two geographic different groups
of patients with diabetes mellitus and of healthy subjects were assessed.
Results: Candida isolates of patients with diabetes mellitus expressed a higher ability to
adhere than those of healthy subjects. Higher levels of adhesion were also recorded in
patients with a lower oral Candida colonisation. No differences were observed in the in
vitro expression of extracellular proteinase of Candida isolates of patients with diabetes
mellitus and those of non-diabetic subjects. Isolates of patients with type 2 diabetes
mellitus expressed greater levels of proteinase than isolates of type 1 diabetes mellitus.
Conclusions: Diabetes mellitus could be considered as an additional variable that may
influence not only oral Candida carriage but also the ability of isolates to enhance the
expression of virulence attributes.
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da albicans are thought to mediate adher-
ence to extracellular matrix molecules
(20). These ‘adhesins’ function by recog-
nising ligands that contain amino-acid
sequences such as the Arg-Gly-Asp
(RGD) sequence (53). C. albicans binds
RGD-containing proteins, such as fibro-
nectins, laminin and collagen types I and
IV, through integrin-related structures (26).
The complex pathogenesis of Candida

species is aided by the production of a
range of extracellular enzymes that facili-
tate adherence and/or tissue penetration.
The three most significant hydrolytic
enzymes produced by Candida species,
and most notably by C. albicans, are
secreted aspartic proteinase (Sap), phos-
pholipases and lipases (25). Many Can-
dida species, including C. albicans,
Candida dubliniensis (18), Candida tropi-
calis (33, 52, 63), and Candida parapsi-
losis (12, 33), are known to possess SAP
genes and produce active extracellular
proteinases in vitro. However, less patho-
genic or non-pathogenic Candida species
do not produce significant levels of pro-
teinases, which has led to the conclusion
that fungal pathogenicity directly corre-
lates with the extent of Sap production.
Extracellular matrix and host surface pro-
teins such as laminin, fibronectin, and
mucin are efficiently degraded by Saps, in
particular by Sap2, the most effected Sap
in vitro, aiding yeast cell adhesion to
buccal epithelial cells. Sap2 has also been
shown to hydrolyse secretory IgA, nor-
mally resistant to most bacterial proteinas-
es (34). Sap2 activity is optimal at low pH
(2.5–5.5) (34), but it is stable at neutral pH
and is active under these conditions (4,
55). Sap4 and Sap6 are known to be
significantly active at physiological pH
(25). This stability of Saps at different pH
ranges (2.0–7.0) may assist Candida spe-
cies, and in particular C. albicans, to
colonise and/or infect hosts in a neutral
pH environment, such as the oral cavity.
Different classes of phospholipases are

known and classified according to their
mode of action (25). In C. albicans,
phospholipases A, B, C and lysophospho-
lipases may damage host-cell membranes
and facilitate tissue invasion. Recently,
non-albicans species have also been shown
to secrete phospholipases, at lower levels
(17). Furthermore, a correlation between
phospholipase activity in vitro and viru-
lence has been demonstrated (17, 25).
Few studies have investigated the

expression of these two virulence attrib-
utes of oral Candida isolates in patients
with diabetes mellitus. Diabetes mellitus is
a common disease found worldwide and it

has been previously suggested that oral
candidal infections may be more frequent
or severe in patients with this disease (2,
13, 57). However, it has been recently
reported that only a small number of
patients affected by diabetes mellitus
develop oral candidosis (28). Systemic
(e.g. the degree of glycaemic control) or
local factors (e.g. presence of dentures)
may influence the balance between the
host and yeasts, and favour the transfor-
mation of Candida isolates from commen-
sal to pathogenic microorganisms. It
would be interesting to investigate whether
there are virulent attributes, such as adhe-
sion or proteinase expression, whose
activity could be enhanced in isolates from
diabetic patients who carry Candida spe-
cies in their oral cavity.
The aim of this study was to evaluate in

vitro extracellular proteinase production
and the ability of Candida isolates to
adhere in vitro to fibronectin. A compar-
ison of these traits was made for isolates
from two geographically different groups
of patients affected by diabetes mellitus
and from a healthy control group of non-
diabetic subjects.

Material and methods

Patients affected by diabetes mellitus and

healthy subjects

A total of 142 patients attending an
outpatient Diabetology Clinic of The Mid-
dlesex Hospital, University College Lon-
don Hospitals (UCLH), London, and 107
patients attending an outpatient Diabetol-
ogy Clinic at the Parma Hospital, Parma,
Italy, were enrolled during their routine
diabetic review appointment. The medical
history of each patient was recorded at the
time of examination. This included tobac-
co smoking habits, type of diabetes mell-
itus (type 1 or type 2) and duration of
diabetes (time since diagnosis < 10 years
or > 10 years). The presence of most
common long-term complications of dia-
betes (retinopathy, nephropathy and per-
ipheral neuropathy) was similarly
recorded. Glycaemic control, assessed by
HbA1c (glycosylated haemoglobin), was
used as a measure of recent diabetic
control. Patients were classified into three
mutually exclusive groups depending upon
the level of haemoglobin glycosylation at
the time of oral examination (group
1: < 7.5%; group 2: > 7.5%, < 8.5%;
group 3: > 8.5%).
In all, 130 healthy, non-diabetic patients

were enrolled in London, UK. Patients
were attending a General Dental Clinic
(n ¼ 41), a Special Needs Clinic (n ¼ 42),

a Prosthodontic Clinic (n ¼ 31) or an Oral
Medicine Clinic (n ¼ 16). The medical
history of each patient was recorded
including current medication and tobacco
smoking habits.
To evaluate presence or absence of

mucosal abnormalities or oral conditions
that could be associated with diabetes
mellitus (e.g. oral candidal infection, xero-
stomia, sialosis, oral lichen planus, etc.) or
that could influence their oral candidal
colonisation, all patients received a
detailed oral examination that included
the presence or absence of dentures (either
partial or full) and the presence of any
mucosal abnormalities. Any other dental/
prosthetic as well as periodontal evaluation
was not specifically performed. The oral
rinse technique (28, 56), was used to
assess the growth and the degree of yeast
colonisation for each patient. In particular,
mouth swills using 10 ml of sterile dis-
tilled water collected from each patient in a
50 ml sterile tube. Each mouth rinse was
vortexed for 30 s until homogenised and
100 ll was spread evenly on Sabouraud’s
dextrose agar (Sigma-Aldrich, Dorset,
UK) plates containing chloramphenicol
(1 mg/l, Sigma-Aldrich). Furthermore,
two 10-fold dilutions of the vortexed
mouthwash, diluted in sterile distilled
water, were plated onto Sabouraud’s dex-
trose agar/chloramphenicol agar plates for
enumeration of the degree of colonisation.
Each plate was incubated at 37�C for 48 h.
Growth of Candida spp. was assessed by
enumeration of colonies and expressed as
colony forming units (cfu) per ml of mouth
rinse. Non-identical, single colonies were
isolated and cultured (re-incubated at 37�C
for 48 h) to confirm their identity.

Candida isolates

A total of 229 oral yeasts (177 C. albicans
and 52 non-albicans spp.) from adult
diabetic patients (both type 1 and type 2)
from Parma (DPR group, 71 strains),
London, (DL group, 83 strains) and from
non-diabetic subjects (ND group, 75
strains) were isolated. These isolates were
then identified by conventional and
molecular methods (1, 28). Oral yeasts
isolated from each group of patients were
evaluated in this study using adhesion and
proteinase assays to assess phenotypic
attributes postulated to be involved in
Candida virulence.

Adhesion assay

The ability of individual isolates to adhere
was assessed in an in vitro assay. A single
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colony from a 48-h, 37�C Sabouraud’s
dextrose agar culture was inoculated into
5 ml of Yeast, Peptone and Dextrose
(YPD) broth. This broth consisted of 20
g of dextrose powder (Sigma-Aldrich),
20 g of peptone powder (Sigma-Aldrich)
and 10 g of yeast (Sigma-Aldrich) in 1
litre of sterile water. This inoculum was
incubated at 37�C for 18 h, after which
45 ml of YPD was added and incubated at
37�C for a further 6 h. The cells were
then centrifuged at 3600 g for 3 min
and washed three times in Tris-EDTA
(tris ethylene-diamine-tetra-acetate) buffer
pH 8 (1·: 10 mm Tris HCl pH 8, 1 mm

EDTA pH 8; Sigma-Aldrich) to remove
traces of YPD. The cell pellet was then
re-suspended into 5 ml of TE buffer pH 8.
The number of yeast present was counted
with a haemocytometer and adjusted to
108 cells/ml.
In vitro adhesion was assessed using

paramagnetic beads (Dynabeads� M-450
Tosylactivated, Dynal Biotech UK, Wirral,
UK) coated with fibronectin (0.1%, Sigma-
Aldrich). Non-specific sites were blocked
with bovine serum albumin (Sigma-Ald-
rich) as outlined by the manufacturer
(Dynal Biotech UK). To coat the para-
magnetic beads (Dynal Biotech UK) with
fibronectin they were initially vortexed in a
15 ml tube, which was then placed in the
associated magnet for 2 min. The super-
natant was discarded, the tube removed
from the magnet and 1 ml Buffer A was
added (Buffer A: 0.019 m NaH2PO4 and
0.081 m Na2HPO4, at pH 7.4). The wash-
ing procedure was repeated twice. Fibro-
nectin 50 lg (Sigma-Aldrich) was added
to the suspension and incubated at 37�C
for 10 min on slow tilt. Buffer B 10 ll was
added (80 ml of Buffer B consisted of 0.88
g of NaCl, 0.1 g of bovine serum albumin
and a 10 times dilution of Buffer A in
sterile distilled water) and the suspension
was incubated at slow tilting for a further
24 h at 37�C. The mixture was put in the
magnet for 3 min and the supernatant was
removed carefully. Cold buffer B 1 ml was
added and the suspension was put in the
fridge for 5 min. This procedure was
repeated twice and 1 ml of Buffer C
(100 ml containing 2.42 g of Tris, Sig-
ma-Aldrich, and 0.1 g of bovine serum
albumin, pH 8.5) was added. The suspen-
sion was incubated at 37�C for 4–6 h. The
mixture was put in the magnet for 3 min
and supernatant removed carefully. Cold
buffer B 1 ml was added and the suspen-
sion was put in the fridge for 5 min.
Dynabeads coated primarily with fibronec-
tin and secondarily with bovine serum
albumin were then suspended in Buffer B

and the concentration adjusted to 108

beads/ml (stock solution) and finally stored
at 4�C until use. A final 100 times dilution
(990 ll of Buffer B with 10 ll of beads
stock solution) was prepared and used in
the assay (106 beads/ml).
The Dynabeads coated with fibronectin

were incubated with the yeast cells in a
200 ml final volume in TE buffer, pH 8
(Sigma-Aldrich). This was incubated in a
ration of 106 beads/ml Dynabeads to
108 cells/ml yeast cells, shaking for
30 min at room temperature. The cells
bound to the Dynabeads were collected
using the supplied magnetic separator
(Dynal MPC, Dynal Biotech UK) for
3 min. Unbound yeast cells were removed
from the solution by washing three times
with TE buffer. The adherent yeast cells
were finally disassociated from the Dyna-
beads by re-suspending them in 0.1 n

NaOH (150 ll). Free cells and Dynabeads
were counted using a haemocytometer and
results were expressed as number of Can-
dida cells bound per fibronectin-coated
Dynabead.

Extracellular proteinase production

The ability of the individual isolates to
produce extracellular proteinases was as-
sessed in an in vitro assay as previously
described (27). A culture medium contain-
ing 1000 ml of sterile water, 2 g of bovine
serum albumin (Sigma-Aldrich), 20 g of
dextrose (Sigma-Aldrich), 1 g of KH2PO4

(Sigma-Aldrich), 0.5 g of MgSO4 (Sigma-
Aldrich) and a synthetic vitamin solution
(20 lg of biotin, 200 lg nicotinic acid,
200 lg of riboflavin, 400 lg of thiamine
and 400 lg of pyridoxal hydrochloride,
Sigma-Aldrich) was prepared. A single
colony from an 18-h, 37�C Sabouraud’s
dextrose agar culture of each isolate was
inoculated into 1 ml of the above des-
cribed medium and left shaking for 5 days
at room temperature. The number of yeasts
per ml was enumerated using a haemocy-
tometer and then removed by centrifuga-
tion at 5000 g for 30 min. A 0.5-ml aliquot
of the supernatant was incubated in 2 ml
of 10 g/l bovine serum albumin solution
(Sigma-Aldritch) in 0.05 m citric buffer
(as protein substrate) (Sigma-Aldrich)
pH 3.2, at 37�C for 30 min. The reaction
was stopped by addition of 5 ml trichlor-
acetic acid solution on ice (50 g/l, Sigma-
Aldrich) for 15 min. In negative control
samples, the incubation with bovine serum
albumin and citric buffer was omitted. The
absorbance of each sample at 280 nm was
determined against a citrate-buffer blank
and representative fractions containing

ultraviolet-absorbing material were as-
sayed for proteinase activity. Results were
expressed as a ratio between spectropho-
tometer reading and numbers of cells/ml.

Statistical analysis

The results of the adhesion and proteinase
assays in the present study did not pass the
test of normality (Kolmogorov–Smirnov
test for normality). Furthermore, the shape
of the distribution of the data for both
adhesion and proteinase of the groups
studied was very different and anomalous
values (outliers) were present. For these
reasons, both parametric and some nonpar-
ametric tests (such as Mann–Whitney test)
were not applicable. Thus, all the isolates
were divided above and below the median
for each of these respective tests (median
for adhesion: 116.38; median for protein-
ase: 0.153442), and isolates whose values
were either above or below these values
were classified as having either high or low
adhesiveness, or high and low extracellular
proteinase activity, respectively.
The differences among or between

groups were evaluated using Fisher’s
Exact Test or the Chi-squared Test; values
were deemed significant when the probab-
ility (P) was less than or equal to 0.05.

Results

Adhesion and proteinase activity of oral

Candida isolates of patients with and

without diabetes mellitus

Analysis of adherence and proteinase pro-
duction of the 154 Candida isolates from
diabetic patients demonstrated that there
were no significant associations with age,
gender, smoking habits or denture status of
the patients. However, more Candida
isolates from diabetic patients with lower
levels of yeast colonisation (< 100 cfu/ml)
expressed higher levels of adhesion
(P ¼ 0.0001) when compared with iso-
lates from diabetic patients with a higher
oral candidal load (> 100 cfu/m).
No statistical differences were found

between Candida spp. or genotypic distri-
bution of C. albicans and adhesion or
proteinase expression (P > 0.05).
Furthermore, although the type of dia-

betes, duration of disease, long-term dia-
betic complications and haemoglobin
glycosylation levels did not influence the
adhesion (P > 0.05) of the Candida spp.
isolated from the diabetic patients, signifi-
cantly higher levels of proteinase
(P ¼ 0.02) were observed in type 2 dia-
betes mellitus patients when compared
with type 1 diabetes mellitus patients.
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In vitro adherence ability and proteinase
production by the 75 Candida isolates of
non-diabetic subjects were not signifi-
cantly associated with patient age, gender,
smoking habits or denture status, oral
candidal load (cfu/ml), species of Candida
or genotypic distribution of C. albicans
(P > 0.05).
The comparison of adhesion levels of

Candida isolates of the diabetic patient
population with those of the oral yeasts of
the non-diabetic subjects showed that there
were significantly high levels of adhesion
in diabetic patient groups (P < 0.0001)
(Table 1). More specifically, for all the
variables evaluated the in vitro ability to
adhere was found to be significantly higher
for Candida isolates from patients with
diabetes mellitus than for isolates from
non-diabetic controls.
No significant differences in the prote-

inase production were observed between
patients with diabetes mellitus and non-
diabetic subjects (P ¼ 0.48). However,
higher levels of proteinase were found in
isolates from non-diabetic control subjects
with a lower degree of colonisation (< 100
cfu/ml) than in isolates from diabetic
patients (P ¼ 0.04) (Table 1).

Adherence and proteinase activity of all

Candida isolates

Analysis of all 229 Candida isolates from
patients with diabetes mellitus and healthy
subjects indicated that the adherence of
isolates from individuals with levels of
oral yeast colonisation of fewer than < 100
cfu/ml were significantly higher
(P ¼ 0.0006) than other individuals. No
other differences (P > 0.05) were observed
in the adherence or proteinase expression
of isolates from any of the 229 Candida
carriers evaluated in this study.

Influence of geographical locale of patients

with diabetes mellitus

There was a tendency (P ¼ 0.06) for oral
isolates from patients with diabetes mell-
itus from Italy to have greater adherence in
comparison with patients with diabetes
mellitus from UK. A tendency (P ¼
0.053) for Candida isolates from UK
patients with diabetes mellitus to produce
higher levels of extracellular proteinase
than isolates of patients from Italy was
also observed. Adherence of Candida
isolates of patients with diabetes mellitus
from Italy wearing dentures was signifi-
cantly greater (P ¼ 0.03) than those of
isolates of patients with diabetes mellitus
from UK.

Higher levels of proteinase activity were
found in C. albicans isolates from UK
patients with diabetes mellitus (P ¼ 0.04),
particularly from C. albicans genotype A
(P ¼ 0.04), compared to the oral isolates
of patients with diabetes mellitus from
Italy.
Analyses of proteinase activity of iso-

lates from tobacco users showed that
Candida isolates from UK diabetic pa-
tients expressed higher levels (P ¼ 0.02)
than those from patients with diabetes
mellitus from Italy.

Finally, higher levels of proteinase
activity (P ¼ 0.02) were observed in the
oral isolates from UK diabetic patients
with good metabolic control
(HbA1c < 7.5%) when compared with
isolates from Italian diabetic patients with
the same level of glycaemic control.

Discussion

This study has investigated the expres-
sion of two important virulence attributes
of Candida isolates of patients with

Table 1. Comparison of adhesion and proteinase activity of Candida isolates of patients with
diabetes mellitus and Candida isolates of non-diabetic subjects

Patients

Adhesion
above
median

Adhesion
below
median P-value

Proteinase
above
median

Proteinase
below
median P-value

Male
D 45 34 0.003 41 38 0.42
ND 9 28 16 21

Female
D 51 24 < 0.0001 33 42 0.07
ND 10 28 24 14

< 60 years*
D 41 25 0.0001 33 33 0.44
ND 11 34 26 19

> 60 years*
D 55 33 0.02 41 47 1.00
ND 6 13 9 10

Tobacco users
D 20 10 0.001 15 15 0.55
ND 3 15 11 7

Non-tobacco users
D 76 48 < 0.0001 59 65 0.74
ND 16 41 29 28

< 100 cfu/ml
D 67 28 < 0.0001 40 55 0.03
ND 6 18 16 8

> 100 cfu/ml
D 29 30 0.01 34 25 0.33
ND 13 38 24 27

Dentate
D 46 30 0.001 39 37 0.70
ND 14 32 26 20

Dentures
D 50 28 < 0.0001 35 43 0.82
ND 5 24 14 15

Candida albicans
D 73 48 < 0.0001 60 61 0.41
ND 14 42 32 24

Non-albicans
D 23 10 0.03 14 19 1.00
ND 5 14 8 11

Candida albicans A
D 58 41 < 0.0001 52 47 0.37
ND 10 36 28 18

Candida albicans B
D 12 5 0.08 7 10 1.00
ND 2 6 3 5

Candida albicans C
D 3 2 1.00 1 4 1.00
ND 1 1 1 1

Statistical analysis was performed by subclassifying the values above and below the median of each
assay (adhesion: 116.38 and proteinase: 0.153442), then Fisher’s exact or Chi-squared tests were
used to analyse data obtained.
D, diabetic patients; ND, non-diabetic control subjects.
*Twelve non-diabetic patients did not give their date of birth.
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diabetes mellitus and healthy control
subjects.
Few studies have investigated these two

pathogenic factors of oral isolates of
patients with diabetes mellitus and, in
general, these have not examined individ-
uals with a spectrum of diabetes mellitus.
In addition, authors have not always
examined more than one virulence attrib-
ute at time (10, 58).
In the present study, the comparison of

adherence values obtained from the 154
isolates of patients with diabetes mellitus
and the isolates from non-diabetic subjects
detected significant differences in the
expression of the in vitro adhesion
between these two populations. In partic-
ular, the isolates from diabetic patients had
a higher in vitro ability to adhere to
fibronectin (P < 0.0001) than isolates
from non-diabetic control subjects.
The assay used in this study to evaluate

the in vitro ability to adhere of the
Candida isolates was based on the binding
of yeasts to fibronectin. This is one of the
extracellular matrix glycoproteins and it
has been recently recognised, thanks to the
study of mutans deleted in the encoding
gene, such as a Candida adhesin-receptor
(Ala1p) (14–16). The main purpose of this
study was to investigate variability in the
ability of Candida isolates to adhere in
general, rather than to any specific protein.
Fibronectin was therefore chosen as a
marker for adherence as the role of inter-
actions between fibronectin and Candida
spp. has already been established (9, 19,
36, 38, 40, 46, 47, 60–62), in the adhesion
process. A number of different proteins
(e.g. keratin, involucrin, salivary mucins)
that may be involved in surface interaction
could also have been used, but this type of
assay would have been more suitable for
evaluating the molecular adherence mech-
anism of Candida to epithelial surfaces,
rather than variability of the yeast in
adherence.
The enhanced adhesion of isolates of

patients with diabetes mellitus may reflect
the presence of a higher concentration of
sucrose/glucose in the saliva of patients
affected by diabetes compared to healthy
non-diabetic subjects. It has been observed
that yeast growth and adhesion may be
enhanced by high blood and saliva glucose
levels (35, 42), which can serve as nutri-
ents for Candida cells. We therefore
conclude that strains isolated from, for
example, diabetes mellitus patients with
higher glucose salivary levels may show a
higher ability to adhere in vitro.
Although this study did not show that

diabetic patients with lower levels of

glycaemic control had higher levels of
oral Candida carriage or a higher adhesion
expression, the strains isolated from the
oral cavity of patients suffering from
diabetes mellitus may have increased their
ability to adhere in vitro. It is likely that
more than one factor promotes Candida
carriage and enhances the isolates’ adhe-
sion activity in diabetic patients.
The analysis of proteinase production

for Candida isolates from diabetic patients
and isolates from non-diabetic subjects did
not reveal any significant differences
between the two groups (P ¼ 0.48). How-
ever, a significant association was
observed within the diabetic patient group.
Interestingly, it has been shown that oral
yeast isolates from patients with type
2 diabetes mellitus produced a signifi-
cantly larger number of extracellular pro-
teinases (P ¼ 0.02) compared to patients
with type 1 diabetes mellitus.
The higher levels of extracellular prote-

inase production by oral yeast isolated
from type 2 diabetes mellitus patients may
well reflect a variation in certain constit-
uents in the saliva, such as higher salivary
IgA levels, an increase in salivary glucose
concentration and a variation in the type or
concentration of certain salivary enzyme
levels, e.g. matrix metalloproteinase
(MMP-8) and gelatinase (MMP-9) (7). It
has been reported (32) that some oral
infections such as periodontitis in patients
affected by type 2 diabetes mellitus may
be related to elevated salivary MMP-8
levels.
Salivary lysozyme, which may be affec-

ted by diabetes mellitus (49), may also
influence (reduce) (39, 45) extracellular
proteinase activity and concentration,
although this remains unproven.
Although many of the pathogenetic

Candida spp. have been shown to possess
SAP genes and produce active extracellu-
lar proteinases in vitro, it has also been
reported that the most virulent species,
such as C. albicans, C. tropicalis, C. para-
psilosis and C. dubliniensis, produce more
proteinases in vitro than do less virulent
species (34, 41).
Interestingly, no differences were

observed in the proteinase production
between C. albicans and non-C. albicans
spp. in the present study. This may be due
to the great difference in the number of
species between the two groups. In addi-
tion, it was not possible to classify the
isolates as less virulent or use more
virulent ones to compare them, due to the
relatively low number of non-C. albicans
spp. collected and analysed in the present
study.

However, it has been reported that even
if C. albicans has been found to produce
more Saps in vitro, the Candida spp.
ability to exhibit different extracellular
proteinase production may be due, at least
in part, to the sensitivity of the assays used
to determine proteolytic activity (34).
Recently, it has been reported that

C. albicans genotype B showed a signifi-
cant increase in proteinase and phosphol-
ipase activity when compared to genotypes
A or C (50).
In this study, no differences in extracel-

lular proteinase production and C. albicans
genotype were observed when the isolates
from all the carriers were evaluated
together. However, C. albicans genotype
A isolated from London diabetic patients
expressed higher levels of extracellular
proteinase than those from Italian diabetic
patients.
Further research is necessary to make a

connection between Saps and/or phosp-
holipase activity and the C. albicans
genotype.
Isolates from diabetes mellitus patients

carrying a lower number of oral yeasts
(fewer than 100 cfu/ml) expressed greater
adhesion (P ¼ 0.011) than isolates from
patients who had a higher number of oral
yeasts. This was also observed for isolates
from all the Candida carriers evaluated in
this study.
The inverse relationship between the

degree of colonisation and the ability of
isolates to adhere is intriguing. The assay
used to evaluate adhesiveness directly
measured the isolates’ ability to adhere to
fibronectin. Therefore, it may be assumed
that, as the number of yeasts present in the
oral cavity increases, interaction between
yeasts themselves becomes of greater
importance than interaction between the
yeast and the host, as was analysed in this
study. Such a theory supports the concept
of biofilm formation (3) and the increasing
importance of interaction between micro-
organisms (51, 59). The results of previous
study (28), where it was established that
diabetes mellitus does not significantly
increase the carriage or alter the character
of oral yeast carriage, and thus the present
evidence of virulence factors, could further
support the notion that diabetes mellitus, at
least when treated, does not greatly affect
adherence (and resultant infections) or
enhance the ability of Candida to modify
its local environment.
Further research could be directed at

examining agglutinin-like sequence genes
(ALS), a family of at least nine genes that
encode cell surface glycoproteins, mainly
characterised in C. albicans and related
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Candida spp. (6, 21–24), and vary in
expression depending on environmental
influence, to evaluate which of these genes
are expressed during this in vitro assay.
The presence of oral prostheses may

influence the capability of oral yeasts to
adhere. In this study, particularly high
levels of adhesion were observed in Can-
dida isolates of Italian diabetic patients
wearing dentures.
It has previously been reported that

saliva of patients with controlled diabetes
mellitus may be able to promote the
growth of C. albicans in vitro and the
present observation would confirm this.
Certainly, the presence of oral prostheses
such as dentures and removable (or fixed)
orthodontic appliances can increase oral
yeast carriage. The denture may function
as a chronic reservoir of infection and
dissemination (11, 29, 54), and surface
irregularities would increase the likeli-
hood of microorganisms remaining on the
surface after the prosthesis has been
cleaned.
It may be that diabetes, rather than the

sole presence of a dental prosthesis, affects
adherence, as the adherence of isolates
from the control subgroup was not influ-
enced by the presence of dentures. Fur-
thermore, it has been reported (37) that,
in vivo, microorganisms never attach
directly to prostheses surfaces, as they are
always covered with a salivary pellicle of
various degrees of maturity. It may be that
any enhanced interactions between yeasts
and local factors such as a low salivary
medium (due to the presence of dentures
and hypoglycaemic agents) or poor meta-
bolic control may increase the ability of
Candida to adhere to oral mucosa, rather
than any yeast-derived factor.
It is known that adhesion is strongly

related to the presence of specific sugars
(30, 43, 44), and that the adherence of C.
albicans to acrylic surfaces increases when
cultured in various carbon sources, inclu-
ding glucose, maltose and galactose (31).
This increase has been attributed to
enhanced formation of a fibrillar–floccular
layer, demonstrated by ruthenium red or
polycationic ferritin staining, which indi-
cates that this layer may be rich in acidic
polysaccharides (30).
This study has investigated the influence

of diabetes mellitus upon the ability of oral
Candida isolates to enhance the expression
of two of the most important virulence
attributes of Candida spp. adhesion and
production of extracellular proteinase.
The assay used in this study detected

that although there was a greater ability to
adhere in Candida isolates of patients with

diabetes mellitus than in healthy subjects,
higher adhesion levels were shown in
Italian patients with diabetes mellitus
wearing dentures than the UK patients
with diabetes mellitus and wearing den-
tures. In addition, higher levels of adhe-
sion were also recorded in patients with a
lower oral Candida colonisation (fewer
than 100 cfu/ml).
In vitro extracellular proteinase expres-

sion was not significantly higher in Can-
dida isolates of patients with diabetes
mellitus in those of healthy subjects.
However, higher extracellular proteinase
levels were observed in isolates of type
2 diabetes mellitus patients when com-
pared with type 1 diabetes mellitus
patients.
As reported, it would be interesting to

correlate the ALS and SAP genes expres-
sion obtained by reverse transcriptase-
polymorphonuclear reaction for Candida
isolates grown in the culture media previ-
ously used in the adhesion and extracellu-
lar proteinase production assays.
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