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OBJECTIVE: Increased serum levels of alpha-1 antitrypsin (α1-AT) and neopterin
were observed in many diseases including different types of cancer. The aim of
this work is to determine α1-AT and neopterin serum levels in newly diagnosed
untreated non-small cell lung and prostate cancer patients and to test their relation to cancer staging.
METHODS: Radial Immunodiffusion and ELISA methods were used to determine
α1-AT and neopterin serum levels, consequently.
RESULTS : α1-AT and neopterin mean serum levels were found to be elevated
in non-small-cell lung and prostate cancer patients. In non-small cell lung
cancer patients α1-AT was 454.5±129.2 mg/dL (p<0.0005) and neopterin was
7.9±4.2 ng/mL (p<0.0005). In prostate cancer patients α1-AT was 462.7±116.9 mg/
dL (p<0.0005) and neopterin was 8.1±3.1 ng/mL (p<0.0005). These elevated levels
were significantly correlated with the stage of cancer. The mean serum level of
α1-AT in stages I, II, III, and IV among non-small cell lung cancer patients were
305.1, 453.6, 490.3 and 616.0 mg/dL respectively, and the mean serum levels for
neopterin were 4.0, 7.0, 8.1 and 14.9 ng/mL, correspondingly. The mean serum
level of α1-AT in stages A, B, C, and D among prostate cancer patients were 342.9,
418.5, 467.8 and 593.5 mg/dL respectively and the mean serum levels for neopterin were 4.9, 6.6, 8.7 and 11.6 ng/mL, correspondingly.
CONCLUSIONS : Based on the above mentioned findings α1-AT and neopterin
serum levels should be considered in the follow up as well as in the prognosis of
cancer patients.
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Introduction
Human alpha-1 antitrypsin (α1-AT) is the major component of α1-globulin electrophoresis bands of plasma
proteins. It is known as alpha-1 protease inhibitor (α1Pi), it inhibits serine proteases and acts as an acute
phase glycoprotein (Carrell et al. 1982). Several studies
performed to test for the correlation between α1-AT
serum levels and neoplastic diseases demonstrated that
these levels get elevated in different types of malignancies such as hepatocellular carcinoma, multiple
myeloma, pancreatic carcinoma, prostatic carcinoma,
primary carcinoma of the lung, cervical carcinoma,
gastric cancer, laryngeal carcinoma, nasopharyngeal
carcinoma, breast cancer and colorectal carcinoma
(Robinaovitz et al. 1992; Chio and Oon 1979; Pelllinieme et al. 1995; Tountas et al. 1985; Ward et al. 1977;
Bata et al, 1977; Patenoster et al. 1980; deLorimier et
al. 1993; Krecicki and Leluk 1992; Mattison et al. 1981;
Amiguet et al. 1998). Elevated α1-AT levels in cancer
patients attracted the attention of many scientists in
term of using this parameter in the diagnosis as well
as in the follow up of cancer patients. Schena et al.,
1985 showed that α1-AT represents a sensitive but little
specific diagnostic index of neoplastic disease (Schena
et al. 1985). In addition, It has been demonstrated
that α1-AT is an alarming factor but not sufficiently
specific to become a diagnostic tool for malignancy
(Debrowska et al. 1997; Demidove et al. 1990; Pirisi et
al. 1996). Neopterin is a pteridine that is released from
stimulated human monocytes and macrophages. It
is considered as a nonspecific biochemical marker of
activated cellular immune response (Fuchs et al. 1992).
Increased serum levels of neopterin were observed in
lung, prostate, gastrointestinal tract, pancreatic, hepatic
and breast cancers (Murr et al. 1999a;b). Yildirim et
al. (2008) demonstrated that serum neopterin levels
were significantly elevated in patients with metastatic
breast cancer and these levels seem to be indicator of
metastatic cancer rather than a marker for local cancer
(Yildirim et al. 2008). In this work we aimed to determine α1-AT and neopterin levels in the serum of newly
diagnosed untreated non-small cell lung and prostate
cancer patients and their relation to cancer staging.

Material and Methods
Blood samples were obtained from one hundred newly
diagnosed untreated male cancer patients at King Hussein Medical Center (K.H.M.C.) and Albashir Hospital
in Amman. Fifty patients, mean age was 54 (35–70)
years, with non-small cell lung cancer distributed
based on the stage of the disease as follows: 13 patients
with stage I, 14 patients with stage II, 14 patients with
stage III, and 9 patients with stage IV. The other fifty
patients, mean age was 61 (50–70) years, with prostate
cancer distributed based on the cancer staging as follows: 11 patients with stage A, 13 patients with stage B,
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12 patients with stage C and 14 patients with stage D.
Cancer staging were performed by specialist physicians.
One hundred healthy, age matched, non-smokers individuals were included in this study as a control group.
Blood samples for the control group were obtained
from blood bank in K.H.M.C., Prince Iman Research
and Lab Sciences Center in Amman. To perform serum
analysis for both, α1-AT and neopterin, venous blood
was drawn into plain tubes then these tubes were centrifuged for 10 min to separate the serum. Serum was
divided into two tubes, the first tube was directly used
for the determination of α1-AT levels by Radial Immunodiffusion (RID) technique and the second tube was
stored at 2–8 °C protected from light to be used for
neopterin analysis using Enzyme Linked Immunosorbent Assay (ELISA) technique.
Statistical analysis
Statistical analysis was performed using t-test and Duncan’s Post Hoc Test of multiple comparisons. Differences between mean levels were considered significant
if obtained p-value was less than 0.05.

Results
As shown in Table 1, the mean serum levels of α1-AT
and neopterin in non-small cell lung cancer patients
are 454.5 ± 129.2 mg/dL and 7.9 ± 4.2 ng/mL, respectively. Those for prostate cancer are 462.7 ± 116.9 for
α1-AT and 8.1 ± 3.1 for neopterin. α1-AT and neopterin
levels in the control group are 146.2 ± 24.3 mg/dL and
1.7 ± 0.4 ng/mL, correspondingly. As data indicated,
there is a significant increase in α1-AT and neopterin
serum levels in patients with non-small cell lung cancer
and prostate cancer compared with those of the control
groups. The p-values are less than 0.05 in both cases.
Table 2 shows α1-AT and neopterin serum levels in
non-small cell lung cancer patients at different cancer
stages. In this table we demonstrated the increase in
both α1-AT and neopterin levels with the advancement
of cancer, from stage I to stage IV, and this increment
is very significant as p-values indicated. In Table 3 we
demonstrated α1-AT and neopterin levels in prostate
cancer patients at stages A, B, C and D were we showed
the significant increase of these levels with cancer progression from stage A to stage D.

Discussion
Proteolytic enzymes play an important role in cancer
physiology, but the role of the body’s natural inhibitors
of these enzymes in this process is not very well studied. α1-AT is the major serine protease inhibitor in the
human plasma. Researchers have been trying to find a
correlation between α1-AT and the process of neoplasia that may help in the diagnosis and the follow up of
cancer patients (Carrell et al. 1982; Schena et al. 1985;
Debrowska et al. 1997; Demidove et al. 1990; Pirisi et al.
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1996). Neopterin is another biological compound that
produced by human monocytes upon their stimulation by IFN-γ. It has been reported that the increase
in neopterin in the serum of cancer patients depends
on tumor type and stage (Fuchs et al. 1992; Murr et
al. 1999a;b). In this work, one hundred newly diagnosed (untreated) male patients were involved. Fifty
patients with non-small cell lung cancer and other fifty
with prostate cancer. The reason behind our choice of
untreated and newly diagnosed cancer patients was
to avoid the interference of the treatment factor with
α1-AT and neopterin serum levels in these patients.
We demonstrated that all patients (100%) with nonsmall cell lung and prostate cancer have elevated serum
α1-AT concentrations. Non-small cell lung and prostate cancer patients have shown significantly higher
mean serum levels of α1-AT 454.5 ± 129.2 (p<0.0005)
and 462.7 ± 116.9 mg/dL (p<0.00005), respectively, than
those in male controls 146.2 ± 24.3 mg/dL. These findings are in agreement with what was reported in earlier
studies (Bata et al. 1977; Micksche and Kokron 1977;
Daddi et al. 1976; Harris et al. 1976). Daddi et al. (1976)
demonstrated that in more than 90% of lung cancer
patients the level of α1-AT was significantly higher
than those in the sera of controls. Ward et al. (1977)
and Zietek et al. (1996) found that α1-AT serum levels
and activity were increased with the development of
prostate cancer. Patients with non-small cell lung and
prostate cancer had also shown a significant rise in the
serum concentration of neopterin. Neopterin mean
serum levels were 7.9 ± 4.2 (p<0.0005) and 8.1 ± 3.1 ng/
mL (p<0.00005), correspondingly, while the mean level
in controls was 1.7 ± 0.4 ng/mL. This finding is in accordance with what was observed by Fuchs et al. (1992) and
Lewenhaupt et al. (1986). They found that neopterin
serum level and activity were increased with advancement of lung and prostate cancer. In addition, we demonstrated that serum levels of α1-AT and neopterin
were significantly higher in non-small cell lung cancer
patients with stage IV than those with stage I–III prior
to treatment and the correlation between the serum
levels of α1-AT and neopterin and the cancer staging
is a direct one as shown in Table 2. Our observation
came to support Daddi et al. (1976) findings who demonstrated that the level of α1-AT in lung cancer patients
might vary during the course of the disease. In this
study, we found that the mean serum levels of α1-AT
in stage A, B, C, and D among prostate cancer patients
were 342.9, 418.5, 467.8 and 593.5 mg/dL, respectively
and the mean serum levels for neopterin were 4.9,
6.6, 8.7 and 11.6 ng/mL, correspondingly (p<0.0005).
Similar to our findings were demonstrated by Ward
et al. (1977) where they showed that there were differences in α1-AT serum levels between prostate cancer
patients with different stages of the disease (Ward et al.
1977). Therefore, we can use α1-AT test as one of the
acute-phase protein in cancer patient that might help
in evaluating the advancement and the activity of the

Tab. 1. α1-AT and neopterin mean serum levels in patients with
non-small cell lung cancer, prostate cancer, and control group.
Number of
individuals

α1-AT mg/dL
Mean ± SD

Neopterin ng/mL
Mean ± SD

Lung cancer

50

454.5 ± 129.2*

7.9 ± 4.2#

Prostate cancer

50

462.7 ± 116.9**

8.1 ± 3.1##

Control

100

146.2 ± 24.3

1.7 ± 0.4

Group

SD - standard deviation
* p<0.0005; ** p<0.00005;
# p<0.0005; ## p<0.00005
Tab. 2. α1-AT and neopterin mean serum levels at different stages
in non-small cell lung cancer patients.
α1-AT
Neopterin
mg/dL p-value* ng/mL p-value*
Mean ± SD
Mean ± SD

Stage

Number of
individuals

Control

100

146.2 ± 24.3

1.7 ± 0.4

I

13

305.1 ± 31.6 <0.0005

4.0 ± 0.6

<0.0005

II

14

453.6 ± 90.8 <0.0005

7.0 ± 2.8

<0.0005

III

14

490.3 ± 88.7 <0.0005

8.1 ± 2.3

<0.0005

IV

9

616.0 ± 81.4 <0.0005

14.9 ± 2.3

<0.0005

* One-tailed P-value for the difference between control group and
each stage using Duncan’s Post Hoc Test of multiple comparisons.
Tab. 3. α1-AT and neopterin mean serum levels in patients with
different stages of prostate cancer.
α1-AT
Neopterin
mg/dL p-value* ng/mL p-value*
Mean ± SD
Mean ± SD

Stage

Number of
individuals

Control

100

146.2 ± 24.3

1.7 ± 0.4

A

11

342.9 ± 63.8 <0.0005

4.9 ± 1.0

<0.0005

B

13

418.5 ± 86.8 <0.0005

6.6 ± 1.6

<0.0005

C

12

467.8 ± 69.7 <0.0005

8.7 ± 1.4

<0.0005

D

14

593.5 ± 70.3 <0.0005

11.6 ± 2.5

<0.0005

* One-tailed P-value for the difference between control group and
each stage using Duncan’s Post Hoc Test of multiple comparisons.

neoplastic process as well as in prognosis. In non-small
cell lung and prostate cancer patients, serum levels of
neopterin were significantly higher in cancer patients
with stage IV than those with stage I–III prior to treatment, there was a striking correlation of neopterin with
malignancy stage for both types of cancer. This finding
is in accordance with that observed by Murr et al. 1999.
They demonstrated that neopterin serum levels might
have a predictive value to the stage of the tumor.
There is a higher neopterin mean value in patients
with adenocarcinoma and non-small cell lung cancer
stage IV than with stages I to III. Our findings were
supported by Mohamed et al. (2001) who showed that
the neopterin levels were elevated in patients with lung
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cancer, especially non-small cell lung carcinoma. In
conclusion, α1-AT and neopterin serum levels were
elevated in all non-small cell lung and prostate, newly
diagnosed, cancer patients. A striking correlation was
demonstrated between α1-AT and neopterin serum
levels and cancer stages in both types of cancer. Therefore, α1-AT and neopterin serum levels should be considered as additional tumor markers for the diagnosis
as well as for the evaluation of the advancement and the
activity of the neoplastic process in non-small cell lung
and prostate cancer patients.
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