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ABSTRACT
Objectives: Arginase activity and ornithine concentration have been shown to be el-
evated in experimentally-induced benign tumors in mice. The aim of the study is to in-
vestigate arginase activity and ornithine concentration in human benign and malignant 
skin tumors and to evaluate their role for prognosis of skin tumors.
Patients and Methods: We have investigated arginase activity and ornithine concentra-
tion in supernatant of homogenates of benign tumors (nevus) of the skin from 13 pa-
tients and of malignant tumors (squamous cell or basal cell carcinomas) from 29 patients. 
Total arginase activity, ornithine and total protein concentration in supernatant were 
determined by the methods of Geyer, Chinard and Lowry, respectively.
Results: Arginase activity (p=0.006) and ornithine concentration (p=0.007) in nevus 
were significantly higher than in adjacent normal tissue. There was no significant dif-
ference between their levels in basal cell carcinoma and in nevus (p>0.05). There was 
no significant difference between ornithine concentration in squamous cell carcinoma 
and in nevus (p>0.05). However, arginase activity in this carcinoma was significantly 
higher than in nevus (p=0.018).
Conclusion: The significant difference between tissue arginase activities in squamous 
cell carcinoma and in nevus indicates that determination of arginase activity could be 
useful for prognosis of skin tumors.
Key words: Arginase, ornithine, nevus, squamous cell carcinoma, basal cell carcinoma. 

ÖZET
Amaç: Farelerde deneysel olarak oluşturulmuş benign deri tümörlerinde arginaz akti-
vitesi ve ornitin konsantrasyonunun arttığı gösterilmiştir. Bu çalışmanın amacı, insan 
benign ve malign deri tümörlerinde arginaz aktivitesi ve ornitin konsantrasyonunu in-
celemek ve bunların deri tümörlerinin izlenmesindeki rollerini irdelemektir.
Hastalar ve Yöntemler: Arginaz aktivitesini ve ornitin konsantrasyonunu 13 hastadan 
elde edilen benign cilt tümörü ve 29 hastadan elde edilen malign cilt tümörü (sküamöz 
hücre veya bazal hücre kanseri) homojenatlarının süpernatantlarında inceledik. Süper-
natantlardaki total arginaz aktivitesi, ornitin ve total protein konsantrasyonu sırasıyla 
Geyer, Chinard ve Lowry metotları ile ölçüldü.
Bulgular: Nevüsteki arginaz aktivitesi  (p=0.006) ve ornitin konsantrasyonu (p=0.007) 
çevre sağlıklı dokuya göre anlamlı olarak yüksekti. Nevüsteki ve bazal hücre kanse-
rindeki düzeyleri arasında fark yoktu (p>0.05). Nevüsün ve sküamöz hücre kanserinin 
ornitin konsantrasyonu arasında anlamlı fark yoktu (p>0.05). Bununla birlikte, skü-
amöz hücre kanserindeki arginaz aktivitesi nevüsten anlamlı olarak yüksek bulundu 
(p=0.018).
Sonuç: Sküamöz hücre kanserinin ve nevüsün doku arginaz aktiviteleri arasındaki an-
lamlı fark arginaz aktivitesi ölçümünün cilt tümörlerinin prognozunda faydalı olabile-
ceğini göstermektedir. 
Anahtar Kelimeler: Arginaz, ornitin, nevüs, sküamöz hücre kanseri, bazal hücre kan-
seri
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Introduction
Arginase (L-Arginine amidinohydrolase; E.C.3.5.3.1), 
the final enzyme in the urea cycle, is responsible for 
the detoxification of ammonia in mammalian liver. It 
hydrolyses arginine to ornithine and urea (1). It is also 
present in kidney, brain, intestine, mammary gland, 
erythrocytes, and skin (1,2). In extrahepatic mamma-
lian tissues, arginase supplies the cell with ornithine, an 
important metabolite in biosynthesis of glutamic acid, 
proline and polyamines (1,3). Polyamines are important 
in regulation of cell proliferation and differentiation (3) 
and may play a role in neoplastic transformation of cells 
(4). Polyamine concentrations and ornithine decarboxy-
lase activity (which converts ornithine to putrescine, a 
precursor for polyamine biosynthesis), are elevated dur-
ing carcinogenesis (5). Arginase activity is markedly 
elevated in prostatic carcinoma (6), gastric cancer (7), 
colorectal cancer (8), chronic lymphocytic leukemia (9), 
non-small cell lung carcinoma (10) and breast cancer 
(11). Increased arginase activity has also been reported 
in cancer metastases (12,13). Other than arginase, en-
zymes involved in the production of urea have not been 
found in human epidermal tissue (14).
Increased arginase activity in mouse epidermis may 
provide ornithine for polyamine biosynthesis and for 
production of glutamate and proline and of keratinous 
proteins (15).  Epidermal arginase activity is increased 
in psoriasis, an inflammatory disease of the skin charac-
terized by epidermal hyperproliferation (16). 
Most skin tumors are benign, e.g., verruca, nevi, kera-
tosis, cysts, and skin tags, but a significant number are 
premalignant or malignant. A small percentage of ac-
tinic keratoses and the cellular-type lesions of blue nevi 
and junction nevi may undergo malignant transforma-
tion (17,18).  
Arginase activity and ornithine concentration are ele-
vated in chemically-induced benign tumors in mice (19).  
We have also found them to be elevated in malignant 
tumors of the human skin (20). We are not aware of any 
studies of arginase activity and ornithine concentration 
in benign tumors of the human skin. 
We have investigated arginase activity and ornithine 
concentration in supernatant of homogenized benign 
and of malignant skin tumors.

Material and Methods
We obtained nevus and normal skin tissue from 13 patients 
(5 men and 8 women, aged 26 to 56 years, 36.08±11.06) 
and from basal cell carcinoma from 16 patients (9 men 
and 7 women, aged 31 to 68 years, 49.81±10.94) and 
squamous cell carcinoma from 13 patients (9 men and 
4 women, aged 33 to 68 years, 56.23±10.90) attending 
the Department of Plastic and Reconstructive Surgery 
of our hospital. No patient had received chemotherapy 
or radiotherapy. The study was approved by the institu-
tional Ethics Committee on human research.

Surgical removal of tumor with intact margins was per-
formed. Depending on the size of the primary excision, 
suture, skin grafts or flaps were performed. Adjacent 
normal tissue was obtained only from the patients with 
nevus. Tissue specimens were washed twice with % 0.9 
NaCl solution to remove blood immediately after removal, 
then placed in cold 0.9% NaCl solution and stored at -760C 
until analyzed. Each frozen tissue was weighed and then 
homogenized in 10 volume of cold 0.05 mol/L Tris/HCl 
buffer (pH 8.05) in a Potter-type homogenizer and then 
centrifuged at 11.000 g for 20 minutes at 40C.
All reagents were purchased from Merck (Darmstadt, Ger-
many) and Sigma-Aldrich Chemie (Steinheim, Germany) 
and were of analytical grade. Total arginase activity and 
ornithine concentration in supernatant were determined 
twice by the procedure reported in (21), and in (22), re-
spectively. For arginase, 50 mM arginine, 0.1 M HCl, 100 
mM Na2CO3/NaHCO3 buffer (pH 9.7), 9 mM MnCl.2H2O, 
0.1 mmol/mL urea standard, the color reagent and the acid 
reagent were used. The color reagent consisted of 0.0036 
M thiosemicarbazide and 0.0617 M diacetylmonoxim. The 
acid reagent consisted of 1 mL of ferric chloride-phos-
phoric acid solution (0.12 M FeCl3 in 56.7% H3PO4) added 
to 999 mL of 20% (V/V) H2SO4. 0.1 mL of supernatant 
was pre-incubated with 0.9 mL of MnCl.2H2O at 55 0C for 
20 min. After pre-incubation, 0.2 mL of the upper solution 
was incubated with arginine and Na2CO3/NaHCO3 buffer 
(pH 9.7) at 370C for 15 min in a swinging water bath. Color 
development was initiated by delivering the color reagent 
into the tube, followed by the acid reagent. The samples 
were placed in boiling water bath for 10 min and subse-
quently chilled in an ice bath for 5 min. The optical density 
was measured against a reagent blank at 520 nm. One unit 
of arginase was defined as the amount that catalyzes for-
mation of 1 mmol of urea for 1 hour at 370C. For ornithine, 
10% trichloroacetic acid, 0.3 mmol/mL ornithine standard, 
the acid mixture contained 6 M H3PO4 and glacial acetic 
acid and reagent solution prepared by adding 25 mg of nin-
hydrin to per mL of the acid mixture were used. 1 mL of 
supernatant was added 1 mL of trichloroacetic acid, then 
centrifuged at 3000 g for 15 min at 40C. To the supernatant 
was added glacial acetic acid and reagent solution. After 
mixing, the tube was capped and heated in a water bath 
at 1000C for 60 min. After adding glacial acetic acid, the 
tube was cooled to room temperature. The optical density 
was measured at 515 nm. The protein concentration of 
supernatant was determined as in (23). Folin-Ciocalteu’s 
Phenol reagent (Merck), 2% Na2CO3 in 0.1 N NaOH, 0.5 % 
CuSO4.5H2O in 1% sodium tartrate and albumin standard 
were used in the assay.
Statistical analysis used MINITAB INC. Data were ex-
pressed as mean±SD. Statistical differences between 
nevus and their adjacent normal tissue were evaluated 
using Paired-Samples T test. Because of the difference 
in ages of patients with nevus and those with malign skin 
tumors, each result was corrected using the formula: pa-
tient’s age X patient’s arginase activity/mean group age 
(24). For corrected data that were non-normally distrib-
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uted, Kruskal-Wallis test (25) was performed between 
three groups; benign skin tumor, basal cell carcinoma 
and squamous cell carcinoma groups. When statistical 
significance was determined for a multiple comparison, 
Dunn’s post hoc test was performed to determine which 
samples were different. We considered p values less than 
0.05 to be statistically significant.

Results
Table 1 shows the gender and age of patients and the type 
of benign and malignant skin tumors removed. 
Arginase activity and ornithine concentration in super-
natant of homogenate from nevus and from adjacent nor-
mal tissues are seen in Table 2. Arginase activity (p=0.006) 
and ornithine concentration (p=0.007) in nevus were sig-
nificantly higher than those in adjacent normal tissues. 
Arginase activity and ornithine concentration of super-
natant of homogenate from malignant and benign skin 
tumors are seen in Table 3. There was no significant 

Table 1: Characteristics of patients with nevus and malignant skin tumors.  
        
 
NEVUS   
 
Age, years (mean±SD) 26-56 (36.08±11.06)   
Women  (number)  8 
Men (number)  5   
Types, ratio (%)     
Compound nevus  9/13 (69.23) 
Blue nevus  2/13 (15.38) 
Intradermal nevus  2/13 (15.38) 
 
MALIGNANT TUMOR 
 
Basal cell carcinoma   
Age, years (mean±SD) 31-68 (49.81±10.94) 
Women  (number)  7 
Men (number)  9  
 
Squamous cell carcinoma 
Age, years (mean±SD) 33-68 (56.23±10.90) 
Women  (number)  4 
Men (number)  9 

        
 
 

 

 

 

 

 

 

 

 

 

Table 2:  Arginase activity and ornithine concentration in supernatant of homogenate obtained from nevus and adjacent normal tissue.  

              
 
Variable     Range   Mean±SD            Median 
              
 
NEVUS 
 
Arginase (U/mg protein, n=13)   3.90-17.73   10.32±3.93*             11.59 
  
Ornithine (nmol/mg protein, n=13)  4.96-67.72   31.57±19.88**             30.08 
 
 
NORMAL TISSUE 
 
Arginase (U/mg protein, n=13)   0.77-9.55   5.11±3.04                4.66           
  
Ornithine (nmol/mg protein, n=13)    5.66-26.85   14.98±7.33             12.96 
              
 
*p=0.006, **p=0.007  

(Paired sample T test) 
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Table 3:  Arginase activity and ornithine concentration in supernatant of homogenate obtained from nevus and malignant skin tumor. 

                 

Variable     Range   Mean±SD       Median  
              
 
NEVUS 
      
Arginase (U/mg protein, n=13)    3.90-17.73   10.32±3.93        11.59 

        
Ornithine (nmol/mg protein, n=13)  4.96-67.72   31.57±19.88        30.08 
  
 
MALIGNANT TUMOR 
 
Squamous cell carcinoma 
 
Arginase (U/mg protein, n=13)   9.37-44.36   20.55±12.47*      15.43  
 
Ornithine (nmol/mg protein, n=13)  10.38-72.48  31.29± 19.17      23.73 
 
 
Basal cell carcinoma 
 
Arginase (U/mg protein, n=16)   6.91-33.82   12.40±6.25      10.21 
 
Ornithine (nmol/mg protein, n=16)  16.46-61.93  33.45±14.05      31.43 
              
   
*p=0.018                        

(Kruskal-Wallis test and Dunn’s post hoc test) 
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difference between results of these assays in basal cell 
carcinoma and in nevus (p>0.05). There was no sig-
nificant difference between ornithine concentration in 
squamous cell carcinoma and in nevus (p>0.05). How-
ever, arginase activity in squamous cell carcinoma was 
significantly higher than in nevus (p=0.018) (Figure 1).

Discussion
The metabolic fates of arginase are differentially ex-
pressed according to cell type, age and developmental 
stage, diet and state of health and disease (26).  Arginase 
is a necessary precursor for the synthesis of L-ornithine, 
polyamines, L-proline, creatine, agmatine and nitric ox-
ide (26,27). 
There are two mammalian isoforms of arginase: argin-
ase I (cytosolic) is highly expressed in the liver and to a 
much lesser extent in a few other cell types, whereas ar-
ginase II (mitochondrial) has a wide tissue distribution.  
The function of arginase I in urea synthesis has been 
very well characterized whereas arginase II is involved 
in the formation of ornithine, a precursor of polyamines, 
glutamate and proline (28-31).
It has been suggested that arginase I may preferentially 
direct ornithine to polyamine synthesis whereas argin-
ase II may direct it to proline and glutamate production 
(31). Arginase II may play an important role in the regu-
lation of hepatic ureagenesis by furnishing ornithine for 
net synthesis of N-acetylglutamate, citrulline and aspar-
tate (30). The role of arginase in the epidermis is prob-

ably different from that in tissues containing the urea 
cycle, being to provide ornithine (15) for biosynthesis of 
polyamines (3). 
Arginase activity increases during hyperkeratinization 
and in pathologic skin diseases such as psoriasis, verru-
ca vulgaris, ichthyosis, and in plantar epidermis (16,32). 
Although, total polyamines and ornithine concentrations 
and arginase activity has been shown to be elevated in 
chemically-induced benign tumors of mouse skin (19), 
we could find no information on arginase activity and 
ornithine concentration in benign tumors of the human 
skin.  The present study found both to be increased 
(p=0.006 and p=0.007, respectively) in nevus compared 
to adjacent normal skin. These increases may have re-
sulted from uncontrolled cell proliferation in nevus or 
from the increased production of ornithine and conse-
quently of polyamine and hence of proteins and of cell 
proliferation.
Although a single application of tumor-promoting agent 
to mouse epidermis caused a rapid and transient induc-
tion of ornithine decarboxylase activity, the activity of 
arginase remained unaffected (15). However, epider-
mal arginase activity was increased in experimentally-
induced hyperplasia with stimulation of DNA synthesis 
preceding that increase (32). This led those authors to 
conclude that arginase may regulate the concentrations 
of arginine and ornithine. 
Nitric oxide (NO), formed from L-arginine by nitric ox-
ide synthase (NOS), is a potent regulator of growth and 

 
  
Figure 1.  Arginase activity in supernatant of homogenate obtained from nevus and squamous cell carcinoma (mean±SD). 
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differentiation in skin-derived keratinocytes (33). NO is 
released from keratinocytes at high concentration and is 
a key inhibitor of cellular proliferation (16).  Thus limi-
tation of NO formation caused by increased activity of 
arginase may be responsible for an increase in cell pro-
liferation.
Arginase activity has been reported to be elevated in 
cancer (6-11) and metastases (12,13).  Although we 
have reported that arginase activity and ornithine con-
centration are elevated in malignant skin tumors com-
pared to adjacent normal tissues (20), there has been no 
information on them in benign and malign tumors of 
human skin. In the present study, only arginase activ-
ity of squamous cell carcinoma was higher than that of 
nevus (p=0.018). This agrees with published reports (6, 
34) for prostatic carcinomas compared to hypertrophic 
prostates. Recently, arginase I was reported to be a 
sensitive and specific marker of benign and malignant 
hepatocytes (35). The arginase II gene has demonstrated 
significant up-regulation and down-regulation, respec-
tively, in malignant compared to benign prostate tissue, 
whereas arginase I is more often present in cancer than 
benign samples (36). Arginase II expression is increased 
in most malignant thyroid tumors, but absent in benign 
lesions and normal tissues (37).
We found a significant difference between arginase 
activity of squamous cell carcinoma and nevus but not 
between arginase activity or ornithine concentration of 
basal cell carcinoma and nevus. The arginase activity of 
basal cell tumors was intermediate between that for sq-
uamous cell tumors and for nevus. Basal cell carcinoma 
is more benign than squamous cell carcinoma, but less 
benign than nevus.  This suggests that determination of 
arginase activity could be useful for prognosis of skin 
tumors. This determination in morphea-like basal cell 
carcinoma, slow-growing squamous cell carcinoma and 
rapid-growing squamous cell carcinoma with tendency 
to ulceration in early stages may help to explain the role 
of arginase in the prognosis of skin tumors.
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