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Background. Papillary thyroid carcinoma (PTC), follicular thyroid adenoma (FTA), and thyroid nodular hyperplasia (TNH) are the
most frequent diseases of the thyroid gland. Previous studies described the involvement of dipeptidyl-peptidase IV (DPPIV/CD26)
in the development of thyroid neoplasia and proposed it as an additional tool in the diagnosis/prognosis of these diseases. However,
very little is known about the involvement of other peptidases in neoplastic and hyperplastic processes of this gland. Methods.
The catalytic activity of 10 peptidases in a series of 30 PTC, 10 FTA, and 14 TNH was measured fluorimetrically in tumour and
nontumour adjacent tissues. Results. The activity of DPPIV/CD26 was markedly higher in PTC than in FTA, TNH, and nontumour
tissues. Aspartyl aminopeptidase (AspAP), alanyl aminopeptidase (AlaAP), prolyl endopeptidase, pyroglutamyl peptidase I, and
aminopeptidase B activities were significantly increased in thyroid neoplasms when compared to nontumour tissues. AspAP and
AlaAP activities were also significantly higher in PTC than in FTA and TNH. Conclusions. These data suggest the involvement of
DPPIV/CD26 and some cytosolic peptidases in the neoplastic development of PTC and FTA. Further studies will help to define
the possible clinical usefulness of AlaAP and AspAP in the diagnosis/prognosis of thyroid neoplasms.

1. Introduction
Solitary and multiple nodules of the thyroid gland are very
common in clinical practice, with most of them being
benign lesions, either thyroid nodular hyperplasia (TNH)
or follicular thyroid adenoma (FTA). Roughly only 5%
of thyroid nodules are malignant [1] and 70% of them
are papillary thyroid carcinomas (PTC) [2]. The arrival of
ultrasound examination to routine practice has discovered
a large amount of nonpalpable and clinically silent thyroid
nodules. TNH, FTA, and PTC can be distinguished from
each other following well-established histopathologic criteria
[3]. Interestingly, these lesions are able to be sampled with

recognized diagnostic success by sonographically guided fine
needle aspiration cytology [1] or by core biopsy [4].
TNH consists of multiple nodules of variable size composed of odd-shaped thyroid follicles with homogeneous
bland cytology and partial encapsulation that may reverse
and dissapear when the hormonal stimulus ceases. Thyroid
hyperfunction is common.
FTA usually appears as asymptomatic solitary nodules.
This lesion is composed of small size follicles lying in a
fibrous, sometimes edematous stroma and shows a well
defined fibrous capsule. There is no evidence of vascular or
capsular invasion in these neoplasms; otherwise, the lesion is
considered carcinoma [3].
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PTC is the most common type of endocrine cancer and
shows a varied clinical presentation. Most patients present
with a thyroid nodule when they consult for the first time,
but some others do not, and lymph node metastases in the
neck are the sole manifestation of a tumor that remains occult
in the thyroid. Histologically, PTC may display very different
growth patterns [5, 6], and its diagnosis relies on the identification of characteristic nuclear features, such as nuclear
enlargement, nuclear membrane irregularities, peripheral
chromatin margination, and prominent micronucleoli [3].
Immunohistochemical markers like HBME-1, cytokeratin 19, and galectin-3 may be of help in difficult cases [6].
Bioactive peptides are regulated through specific peptidases that hydrolyze them. These peptide-converting
enzymes are distributed in the main human tissues and have
been originally considered to be only involved in protein and
peptide scavenging [7]. However, many studies have shown
that they are involved in several physiological functions
and play a key role in growth control, differentiation, and
signal transduction of many cell systems by modulating the
activity of bioactive peptides, degrading extracellular matrix,
acting as adhesion molecules and directly participating in
the intracellular signaling [7–10]. So, altered expression
and catalytic function patterns of these enzymes may
contribute to several disease processes, including neoplastic
transformation and tumour progression [8–10].
Increased understanding of the underlying pathophysiology of thyroid tumours has led to implicate several proteases
in its genesis, growth, and dissemination [11–16]. Metalloproteases such as MMP-2 and 9 and peptidases such as
dipeptidyl-peptidase IV/CD26 (DPPIV/CD26) change their
expression and activity in these neoplasms and have been
recognized as molecular markers in the diagnosis of thyroid
tumours [11–18]. However, very little is known about the
activity pattern of other peptidases in thyroid neoplastic and
hyperplastic diseases.
This study intends to analyse the activity of different
peptidases in PTC, FTA, and TNH and in the adjacent nontumour thyroid tissue, as we have performed before in other
neoplasms, such as renal, colorectal and head and neck
tumours [19–23]. For such a purpose, we have analyzed
in these lesions the activity of 10 acid, basic, neutral, and
omega peptidases covering the whole spectrum of peptideconverting activity. On the one hand, we selected five cellsurface peptidases—DPPIV/CD26, APN/CD13, NEP/CD10,
APA and CAP—which have been described as tumour markers in haematologic, kidney, skin, prostate, and gynaecologic
cancers, among others [8–10, 24]. On the other, five cytosolic
enzymes were selected—PEP, alaAP, AspAP, APB and PGI—
for better know if these enzymes may also be involved in
neoplastic development.”

2. Materials and Methods
The authors declare that all the experiments carried out in this
study comply with current Spanish and European Union legal
regulations.
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2.1. Tissue Specimens. Representative tissue from 30 PTC,
14 TNH and 10 FTA and their corresponding non tumour
areas were adequately sampled in fresh at the Pathology Lab
within the first 30 minutes after surgical removal, immediately frozen with isopentane, and stored at −80∘ C until the
enzyme assays were performed. Personal data of the patients
were appropriately encrypted to preserve the anonymous
use of the selected material accomplishing with international
recommendations.
2.2. Sample Preparation. Soluble and membrane-bound fractions were obtained following a modified version of Zambotti-Villela et al. [25]. Explanted tissue samples were homogenized in 10 mM Tris-HCl buffer at pH 7.4, for 30 seconds
at 800 rpm using a Heidolph PZR 50 Selecta homogenizer,
and ultracentrifuged in a Centrikon T-2070 Kontron Instruments apparatus at 100,000 ×g for 35 min. The resulting
supernatants were used to measure soluble enzyme activities:
APB, AspAP, PG I, PEP and AlaAP. To avoid contamination
with soluble enzymes, the resulting pellets were washed three
times by suspension in 10 mM Tris-HCl buffer at pH 7.4 The
pellets were then homogenized in 10 mM Tris-HCl buffer
at pH 7.4, and centrifuged at low speed (800 ×g) for 3 min
to purify the samples. The supernatants thus obtained were
used to determine membrane-bound enzyme activities: APA,
APN/CD13, CAP, DPPIV/CD26, and NEP/CD10. All steps
were carried out at 4∘ C.
2.3. Enzyme Assays. Peptidase activities were measured by
incubating samples with saturating concentrations of fluorogen-derived substrates following the method described by
Yoshimoto et al. [26], Mantle et al. [27], and Silveira et al. [28].
Selected peptidases, their substrates, and the reaction conditions for each enzymatic assay are summarized in Table 1.
Alanine aminopeptidase activities (AlaAP and APN/
CD13) were measured in triplicate using Ala-𝛽-naphthylamide as a substrate. Incubations with the specific
AlaAP inhibitor puromycin (40 𝜇M) were performed in
parallel to discriminate between the AlaAP and APN/
CD13 forms of total alanine aminopeptidase activity. DPPIV/
CD26 and PEP activities were assayed using H-Gly-Pro𝛽-naphthylamide, and Z-Gly-Pro-𝛽-naphthylamide respectively. APB (basic) and acid aminopeptidase activities
(AspAP, APA) were quantified with Arg-𝛽-naphthylamide,
Asp-𝛽-naphthylamide, and Glu-𝛽-naphthylamide substrates,
respectively. Omega peptidase (PGI) activity was measured fluorometrically using pGlu-𝛽-naphthylamide as substrate. CAP activity was analyzed using L-cystine-di-𝛽naphthylamide. NEP/CD10 assay was performed by incubating samples with a saturating concentration of N-dansylD-Ala-Gly-pNO2 -Phe-Gly (DAGNPG, a dansyl derivative).
These assays are based on the fluorescence of products
generated from substrate hydrolysis by the enzyme.
Reactions were started by adding 30–50 𝜇L of sample to
1 mL of the appropriate incubation mixture depending on the
enzyme and substrate analyzed as follows: AlaAP, APN/CD13,
APB, PEP, and PGI activities (50 mM phosphate buffer at pH
7.4 for AlaAP, APN/CD13, and PGI activities, pH 6.5 for APB,
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Table 1: Substrates and the reaction conditions for each enzymatic assay.

PEP (EC 3.4.21.26)
PGI (EC 3.4.19.3)
APBb (EC 3.4.11.6)
APN/CD13b (EC 3.4.11.2)
AlaAP (EC 3.4.11.14)

Substrates

(mM)

pHa

DTT
(mM)

EDTA
(mM)

CaCl2
(mM)

NaCl
(mM)

MnCl2
(mM)

Z-Gly-Pro-𝛽-NA
pGlu-𝛽-NA
Arg-𝛽-NA
Ala-𝛽-NA
Ala-𝛽-NA

0,125
0,125
0,125
0,125
0,125

7,4
7,4
6,5
7,4
7,4

2
2
—
1,2
1,2

—
2
—
—
—

—
—
—
—
—

—
—
150
—
—

—
—
—
—
—

0,125
0,125
0,2
0,125
0,125

7,4
7,4
8,3
5,9
7,4

0,65
—
—
—
—

—
—
—
—
—

0,5
—
—
—
—

—
—
—
—
—

—
1
—
—
—

APA (EC 3.4.11.7)
H-Glu-𝛽-NA
AspAP (EC 3.4.11.21)
Asp-𝛽-NA
DPPIV/CD26 (EC 3.4.14.5)
H-Gly-Pro-𝛽-NA
CAP (EC 3.4.11.3)
L-Cys-di-𝛽-NA
NEPc (EC 3.4.24.11)
N-Dansyl-D-Ala-Gly-pNO2 -Phe-Gly
a

Reaction buffers: Phosphate buffer (50 mM) was used for PEP, PGI, APB, APN/CD13, and AlaAP. Tris-HCl (50 mM) was used for APA, AspAP, DPPIV/CD26,
CAP, and NEP. b 40 𝜇M of the AlaAP inhibitor puromycin was added; c 4.6 nM of the angiotensin-converting enzyme inhibitor captopril was added.

and 0.125 mM aminoacyl-𝛽-naphthylamide); AspAP, APA,
DPPIV/CD26, CAP, and NEP/CD10 activities (50 mM TrisHCl buffer at pH 7.4 for AspAP, NEP and APA, pH 8.3 for
DPPIV/CD26, pH 5.9 for CAP, and 0.125 mM aminoacyl-𝛽naphthylamide or [D]AG (pN) PG).
After 30 min incubation at 37∘ C, 1 mL of 0.1 M sodium
acetate buffer (pH 4.2) was added to the mixture to terminate the reaction. The released product was determined
by measuring the fluorescent intensity (at 412 nm with
excitation at 345 nm for 𝛽-naphthylamine and at 562 nm
with excitation at 342 nm for [D]AG) with a Shimadzu
RF-540 Spectrofluorophotometer. Blanks consisted of buffer
(instead the sample) and the same reactives and were used
to determine background fluorescence. Relative fluorescence
was converted into picomoles of product using a standard
curve constructed with increasing concentrations of 𝛽naphthylamine or [D]AG.
In the case of DPPIV and PEP, to verify that the formation
of 𝛽-naphthylamine was specifically due to the action of these
peptidases and not due to other enzymes which could cleave
the same substrates (H-Gly-Pro-𝛽-NA by DPP8 and DPP9
and Z-Gly-Pro-𝛽-NA by seprase), we performed inhibition
assays with specific inhibitors (diprotin A for DPPIV and
KYP-2047 for PEP). 87% of the DPPIV activity was inhibited
in PTC, 94% in TNH, and 100% in FTA and uninvolved
thyroid tissue. In the case of PEP, over 95% of the activity
measured was sensitive to the inhibitor in both tumour
and nontumour tissues. Therefore, we concluded that the
releasing of 𝛽-naphthylamine in both cases is mainly due to
DPPIV and PEP.
2.4. Protein Determination. Protein concentration of soluble
and membrane-bound fractions of thyroid tissues was measured in triplicate by the Bradford method [29], using BSA
(1 mg/mL) as calibrator. Results were recorded as units of peptidase (UP) per milligram of protein (1 unit of peptidase (UP)
is 1 pmol of naphthylamine released per minute). Fluorogenic
assays were linear with respect to hydrolysis time and protein

content. Activity is expressed as pmol of product/min/mg
protein (UP/mg protein) and reported as mean ± SE.
2.5. Statistical Analysis. Shapiro-Wilk test was applied to
data obtained from tumor samples to know if the numbers
followed a normal distribution or not. Based on this information, nonparametric Mann-Whitney and Kruskal-Wallis tests
were used to detect differences between two groups and more
than two groups, respectively. SPSS 19.0 software was used for
the statistical analysis.

3. Results
Females predominated in the series: the PTC group included
6 males and 24 females (average age: 53,7 years) and the FTA
3 males and 7 females (35.4 years). The fourteen cases of the
TNH group were all females (43.2 years).
Histopathological subtyping of the PTC group included
conventional PTC (16 cases, 53,3%), follicular variant PTC
(10 cases, 33,3%), and papillary microcarcinomas (4 cases,
13,3%). Organ confined disease (pT1/2) was detected in
80% of the cases. Six cases presented minimal extracapsular
extension (pT3) and two of them regional lymph node
metastasis.
Table 2 shows all the peptidase activities measured in
the soluble and membrane-bound fractions of hyperplastic,
neoplastic, and nontumour adjacent tissues.
The cytosolic fraction activity of AspAP, PG I, PEP,
and AlaAP was significantly increased in PTC (Table 2(a))
and FTA (Table 2(b)) when compared with the adjacent
nontumour tissues. APB activity was also increased in both
neoplasms, although this change did not reach statistical
significance in PTC. There were no significant changes in the
activity of these peptidases in the TNH tissue when compared
with the nonhyperplastic tissue (Table 2(c)).
The membrane-bound fraction activity of DPPIV/CD26
was markedly higher in PTC (Table 2(a)) and lower in FTA
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Table 2: (a) Peptidase activities in papillary thyroid carcinoma
(PTC) and in non neoplastic adjacent thyroid tissue. (b) Peptidase
activities in follicular thyroid adenoma (FTA) and in non neoplastic
adjacent thyroid tissue. (c) Peptidase activities in thyroid nodular
hyperplasia (TNH) and in non neoplastic adjacent thyroid tissue.
Values are means ± SE of peptidase activity recorded as pmol of units
of peptidase (UP) per milligram of protein. A value of 𝑃 ≤ 0.05 was
considered statistically significant (Significant results are in bold).
(a)

Peptidase
Soluble fraction
APB
AspAP
PG I
PEP
AlaAP
Membrane-bound fraction
APA
APN/CD13
CAP
DPPIV/CD26
NEP/CD10

PTC

Non neoplastic

P

7419 ± 1363
130 ± 15
206 ± 39
3836 ± 633
8819 ± 1194

4259 ± 867
87 ± 13
77 ± 18
1977 ± 449
4122 ± 1111

0.094
0.039
0.008
0.026
0.007

1250 ± 280
2301 ± 538
875 ± 253
4274 ± 1301
3.1 ± 0.66

1120 ± 258
2533 ± 516
665 ± 180
1347 ± 278
1.9 ± 0.45

0.96
0.554
0.425
0.017
0.12

FTA

Non neoplastic

P

3772 ± 318
84 ± 7.2
245 ± 20
3056 ± 359
2022 ± 206

1969 ± 210
54 ± 21
85 ± 12
1482 ± 184
792 ± 76

0.001
0.003
0.001
0.002
0.001

1513 ± 191
1670 ± 198
453 ± 48
589 ± 87
3.7 ± 0.63

1270 ± 141
2542 ± 274
407 ± 47
1700 ± 546
2.8 ± 0.45

0.247
0.105
0.354
0.037
0.643

TNH

Nonhyperplastic

P

3713 ± 688
67 ± 4.3
73 ± 7.8
2934 ± 448
1834 ± 258

5477 ± 721
66 ± 14.4
81 ± 5.3
3580 ± 478
2087 ± 310

0.054
0.519
0.687
0.295
0.227

789 ± 140
1775 ± 329
317 ± 73
319 ± 44
1.34 ± 0.25

475 ± 87
1856 ± 243
394 ± 107
804 ± 198
1.74 ± 0.29

0.116
0.601
0.687
0.116
0.414

(b)

Peptidase
Soluble fraction
APB
AspAP
PG I
PEP
AlaAP
Membrane-bound fraction
APA
APN/CD13
CAP
DPPIV/CD26
NEP/CD10

(c)

Peptidase
Soluble fraction
APB
AspAP
PG I
PEP
AlaAP
Membrane-bound fraction
APA
APN/CD13
CAP
DPPIV/CD26
NEP/CD10

(Table 2(c)), when compared with the reference of nontumour tissue samples. By contrast, no significant changes were
found in the rest of membrane-bound activities tested. TNH
tissue did not yield significant changes.
Finally, when the three thyroid lesions were compared
to each other, DPPIV/CD26, AlaAP, and AspAP showed
significantly higher activities in PTC than in FTA and TNH
(Figure 1). There were no significant results in the remaining
analyzed peptidases.

4. Discussion
It has been reported that expression and activity patterns
of proteases, such as MMPs and peptidases, are altered in
malignant tumours, suggesting their implication in tumour
cell growth, local invasion, and metastases [8–10]. It has
been demonstrated that MMP-2 and 9 are upregulated in
the tumour tissue when compared with nontumour tissue
in thyroid neoplasms, suggesting that these enzymes could
have a role in thyroid neoplastic transformation [14, 15].
These MMPs and peptidases such as DPPIV/CD26 are distinctly expressed in several thyroid neoplasms and have been
proposed as useful diagnostic/prognostic thyroid tumour
markers [14–18].
In the same way, we observed that several peptidase
activities are selectively modified in PTC and FTA when
compared with nontumour adjacent tissues. Thus, cytosolic peptidases showed higher activities in both neoplasms,
whereas DPPIV/CD26 activity was markedly higher in PTC
and lower in FTA. Since TNH did not show any change
in peptidase activity, these results indicate a role for these
peptidases in the development of thyroid neoplasia.
Interestingly, peptidase activity is distinctly modified in
thyroid lesions. Some authors stress that peptidases may
either promote or impede tumour development depending
on the specific type of tumour or on the phase of development where the tumour is, with this way suggesting that
tumour growth regulation by peptides and their converting
peptidases occur in a tumour specific manner [8–10]. We
have shown in previous studies selective changes in peptidase
activities of different neoplasms [19–23]. For example, when
those were compared with uninvolved tissues, APN/CD13
and AspAP activities were decreased in renal cell carcinomas
[19] and increased in head and neck squamous cell carcinoma
[20]. Even more, higher APN/CD13 activity is correlated with
high grade renal cell carcinomas [19] and with worse survival
of these patients [22]. An exception to the observed tendency
could be PEP, whose activity is increased in most of the
neoplastic tissues studied to date [23, 30–32].
Recent data show that DPPIV/CD26 is a useful marker
of malignancy in thyroid pathology [16]. Previous studies
had already demonstrated that this serine ectopeptidase was
specifically expressed in follicular-cell derived thyroid carcinomas [17, 18]. Some of these studies have been performed
by semiquantitative cytoenzymatic methods and showed the
highest activities in PTC [16–18]. Our quantitative fluorimetric assay yields similar results, showing that DPPIV/CD26
activity is markedly higher in PTC than in FTA and TNH. All
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Figure 1: Enzymatic activities: activity in thyroid nodular hyperplasia (TNH), follicular thyroid adenoma (FTA), and papillary thyroid
carcinoma (PTC) tissues. Values are means ± SE of peptidase activity recorded as pmol of units of peptidase (UP) per milligram of protein.
(a) DPPIV/CD26: a value of 𝑃 < 0.05 was considered statistically significant. ∗ Kruskal-Wallis test, 𝑃 ≤ 0.001. ∗∗ The activity was higher in
PTC than in FTA (Mann-Whitney test, 𝑃 ≤ 0.01) and TNH (Mann-Whitney test, 𝑃 ≤ 0.01). (b) AlaAP: a value of 𝑃 < 0.05 was considered
statistically significant. ∗ Kruskal-Wallis test, 𝑃 ≤ 0.001. ∗∗ The activity was higher in PTC than in FTA (Mann-Whitney test, 𝑃 ≤ 0.001) and
TNH (Mann-Whitney test, 𝑃 ≤ 0.01). (c) AspAP: a value of 𝑃 < 0.05 was considered statistically significant. ∗ Kruskal-Wallis test, 𝑃 ≤ 0.01.
∗∗
The activity was higher in PTC than in FTA (Mann-Whitney test, 𝑃 ≤ 0.05) and TNH (Mann-Whitney test, 𝑃 ≤ 0.05).

this accumulated experience advices that this enzyme could
be considered a potential marker of practical use in thyroid
cancer. Interestingly, AlaAP and AspAP are other enzymes
that showed a similar pattern of activity to DPPIV in our
analysis. This result opens new possibilities in the study of
peptidases as thyroid tumor markers.
DPPIV/CD26 is a glycoprotein which presents wellknown pleiotropic effects, and this is probably associated
with the varied roles that this enzyme shows in different
neoplasms. Two main action mechanisms have been proposed: on one hand, its catalytic activity on bioactive peptides
such as substance P, growth hormone-releasing hormone and
several chemokines and interleukins which act in cancer
growth regulation [33] and, on the other hand, through its
direct interaction with certain molecules of the extracellular
matrix [34]. These varied actions make it difficult to define
the exact role that DPPIV/CD26 plays in cancer, and further
investigations are required to elucidate them [24].
Many of the essential alterations occurring in cell physiology during carcinogenesis are mediated via extracellular cell
signalling pathways that interact with intracellular circuits.
So, both cell surface and intracellular molecules play pivotal
roles in cancer pathobiology [35]. Several authors have
pointed towards specific roles of peptidases in proliferation

and neoplasia, either at the surface or at the intracellular level
[36–40].
AlaAP and APB are involved in the regulation of apoptosis and cell cycle regulation, and inhibitors of these enzymes
such as bestatin are potential candidates for chemotherapeutic agents [38]. On the other hand, the high activity of the
cytosolic PEP in developing tissues, its cellular localization
around the nucleus in proliferative cells and tumours, and
the inhibition of DNA synthesis by PEP inhibitors seem
to involve this enzyme in cell proliferation and differentiation [39–43]. Previous studies have also suggested a role
for AspAP, PGI, and other soluble peptidases in different
neoplastic processes [19–22, 36]. The higher activity of these
peptidases we have detected in thyroid neoplasms with
respect to non neoplastic tissue points to a role of cytosolic
peptidases in thyroid tumours.
The best known function of peptidases is the conversion
of bioactive peptides. Aside from DPPIV/CD26, several
peptides converted by cytosolic AlaAP, PEP, AspAP, and PGI
are involved in cell growth and proliferative disorders [44–
48], for instance, angiotensins that are hydrolyzed by AspAP
and PEP, opioid peptides by alaAP, leukotriene A4 by APB,
and TRH, by PGI and, indirectly by PEP. However, the role
of soluble peptidases in the regulation of bioactive peptides
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related to proliferative disorders is not so clear as it is in
the case of cell surface peptidases. Although the secretion of
PEP, APB, and other soluble peptidases into the extracellular
space has been suggested as a possible peptide regulatory
mechanism [49–51], there is accumulating evidence in favor
of intracellular trafficking and action of certain peptides
and proteolytic enzymes known as intracrine action [52–54].
Thus, it has been suggested that the aforementioned bioactive
peptides may also act as intracrine factors in the intracellular
space inducing cell proliferation and angiogenesis in several
tissues [52–54]. Therefore, the idea of increasing cytosolic
peptidase activities as a result of intracrine peptide dysregulation in thyroid neoplasms should not be ruled out.
In summary, this study analyses the activity of several
peptidases in PTC, FTA, and TNH and suggests a potential
role of a cell surface peptidase (DPPIV/CD26) and several
cytosolic peptidases (PEP, APB, AspAP, AlaAP, and PGI) in
thyroid neoplasms. However, further studies are needed to
define the exact involvement of peptidases in the pathobiology of these tumours and their possible clinical usefulness.
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