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ABSTRACT: Pulmonary disease in cystic fibrosis (CF) is charac-
terized by a chronic neutrophil-dominated inflammation of lung
tissue. Inasmuch as some amino acids (AA) play a pivotal role in
various aspects of neutrophil metabolism, the aim of this study was
to investigate a possible alteration of neutrophil AA metabolism and
to evaluate its relation (if any) with the genotype. We performed
plasma and neutrophil AA analysis in 26 CF patients with known
genotype, 10 patients with non-CF bronchiectasis, and 20 normal
subjects. The CF group showed a significant decrease of free intra-
cellular neutrophil glutamine (Gln) content compared with controls
and the non-CF bronchiectasis group. In the latter group, levels of
neutrophil Gln were significantly lower compared with the controls.
Amino acid plasma concentration in non-CF bronchiectasis showed a
decrease of Gln and taurine compared with controls. Neutrophil Gln
content showed values significantly lower in CF patients with severe
mutations (class I, II, and III mutations) compared with mild muta-
tions (class IV and V mutations). Results of our study add further
evidence for intrinsic neutrophil alterations that could play an im-
portant role in the pathogenesis of chronic pulmonary disease in CF
patients. (Pediatr Res 59: 13–16, 2006)

One of the clinical hallmarks of CF is chronic inflamma-
tory lung disease dominated by polymorphonuclear

neutrophil influx in the airways (1). Neutrophils release mas-
sive amounts of active proteases, including elastase, which is
considered to be the major mediator of the observed lung
damage. This inappropriate neutrophil emigration has been
considered to result from a defective regulation of the inflam-
matory response in the lung and is mainly attributed to local
factors like abnormal secretion of chemoattractants by respi-
ratory epithelial cells (2). More recent studies showed that
neutrophils from CF patients have intrinsic functional alter-
ations that modify their response to inflammatory stimuli,
suggesting the presence of more complex systemic interac-
tions in the pathogenesis of lung disease (3–7). Furthermore,
in the last decade evidence is accumulating that the basic
genetic defect in CFTR may contribute not only to an in-
creased propensity to pulmonary infection (8,9) but also to a
defective regulation of the inflammatory response (10,11).

It is well known that some AA play a pivotal role in various
aspects of neutrophil metabolism, including protein synthesis
and energy production. Taurine, a nonproteic sulfur b-AA,
being the major intracellular free AA, is known to be an
antioxidant and membrane stabilizing agent (12). This AA is
particularly abundant in neutrophils, where it protects these
cells from damage induced by chlorinated oxidants during
oxidative burst (13). Arginine and citrulline are, respectively,
substrate and end-product of nitric oxide biosynthesis (14), a
pathway involved in neutrophil bacterial killing as well as in
immune response regulation (14,15). Gln is involved in sev-
eral key metabolic processes in neutrophils, as a precursor of
nucleotides for RNA and DNA synthesis and substrate for
energy production and NADPH synthesis through the “glu-
taminolysis” pathway (16). These metabolic functions are
essential to sustain a number of different cellular processes,
including motility, respiratory burst, and secretion of cytoplas-
mic proteolytic enzymes and immunomodulatory compounds
involved in the initiation of phagocytosis and bacterial killing
(17).

The aim of this study was to investigate a possible alteration
of AA neutrophil metabolism in children affected by CF and
to evaluate its relation (if any) with the genotype. Thus, we
determined plasma AA concentration and free intracellular
AA content in circulating neutrophils from CF patients with
mutations associated with complete failure or residual CFTR
activity. As comparative groups, we included normal controls
and subjects affected by non-CF bronchiectasis.

METHODS

Subjects. Twenty-six patients with CF confirmed by genotyping and
positive sweat test (15 male, 11 female; age, 4–18 y; median, 11.5 y) were
enrolled in the study when attending an outpatient clinic for routine evaluation
of disease in the Department of Pediatrics, University of Rome. Blood
samples for plasma and neutrophil AA analysis were collected at the same
time. At the time of sampling, no patient had evidence of acute infection.
Exclusion criteria included also the presence of liver disease, alterations of
endocrine pancreas function, use of systemic steroids, or nonsteroidal antiin-
flammatory medications during the last 2 mo or recent use of antibiotics. Eight
patients (2 male, 6 female; age, 8–18 y; median, 10.7 y) showed evidence of
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chronic PA colonization obtained by repeated positive sputum cultures.
Spirometric assessment of pulmonary function was obtained in 18 patients
aged older than 8 y. Results were expressed as FEV1% and indicated a full
range of disease severity (median, 88%; range, 49–141%). Rx-thorax assess-
ment of pulmonary disease was accomplished by a systematic evaluation
score (median, 10.5; range, 3–30) (18). Clinical assessment of illness severity
was performed by the Shwachman-Kulczycki score (mean � SD, 82.58 �
10.3) (19). Nutritional status was evaluated using the Moore index (mean �
SD, 100.6 � 11.2) (20). All these clinical data were recorded within 2 mo
before or after sampling. Results are shown in Table 1. Fifteen CF patients (8
male, 7 female; age, median 10.8 y; range, 4–18 y) were homozygous or
compound heterozygous for mutations known to produce a complete failure
of CFTR activity (class I, II, and III mutations), whereas the remaining 11
patients (7 male, 4 female; age, median 12.1 y; range, 4–18 y) had mutations
associated with a residual CFTR activity (class IV and V mutations). The
reference normal control group consisted of 20 healthy subjects (11 male, 9
female; age, 4–18 y; median, 11.3 y) showing no alteration of systemic
inflammatory component who underwent routine hematological assessments.
Disease controls comprised 10 patients with non-CF bronchiectasis (5 male,
5 female; age, 6–18 y; median, 12.1 y) without signs of acute exacerbation.

Informed consent was obtained from all parents and from all patients older
than 11 y. The study was approved by the Ethics Committee of Department
of Pediatrics, University “La Sapienza,” Rome.

Neutrophil isolation procedure. Neutrophils were isolated as previously
described (21) from heparinized blood, by dextran sedimentation, Ficoll-
Hypaque gradient, centrifugation, and subsequent removal of contaminating
erythrocytes with hypotonic lysis. The resulting cell preparation was resus-
pended in calcium- and magnesium-free PBS with glucose (125 mM NaCl, 8
mM Na2HPO4, 2 mM NaH2PO4·H2O, 5 mM KCl, 5 mM glucose; pH 7.4) and
stored on ice until analysis. Cells were counted and viability determined by
trypan blue dye exclusion test. The purity of the neutrophil suspension was
�95%.

Plasma AA preparation. Venous K2 EDTA blood (3 mL) was collected
after overnight fasting and immediately placed on ice. Plasma was obtained
by centrifuging blood at 850 g for 1 h at 4°C. Sample preparation was
accomplished according to the Pico-Tag method (Waters, Milford, MA) for
physiologic AA (22). One milliliter of plasma was diluted 1:1 with 0.1 M
HCL containing 0.13 g/L norleucine (Sigma Chemical Co.-Aldrich, Milan,
Italy) as internal standard. Aliquots of 200 mL were promptly deproteinized
by ultrafiltration using Ultrafree MC microcentrifuge devices (Millipore,
Bedford, MA) with a 10,000 molecular weight cutoff limit. Aliquots of 20 mL
of the ultrafiltrate were desiccated under vacuum and derivatized with 20 mL
of methanol-water-triethylamine-phenylisothiocyanate solution (7:1:1:1, re-
spectively). Excess solvents and reagents were eliminated under vacuum and
samples were stored at –20°C until chromatographic analysis.

Neutrophil AA extraction. Neutrophils were suspended in 200 mL of
water and ultrasonicated in a Sonicator Cell Disruptor applied in a pulse basis
(23). To avoid heating, samples were kept in ice-water bath during sonication.
Neutrophil lysates were then centrifuged at 1000 rpm for 20 min at 4°C to
sediment cellular debris. Aliquots of 200 mL were promptly deproteinized by
ultrafiltration as previously described for plasma.

AA analysis. The phenylthiocarbamyl derivatives of plasma and neutrophil
AA were assayed by reverse-phase HPLC using the Pico-Tag method (22).

The column was an application-specified C18 Pico-Tag column (30 cm � 3.9
mm, Waters). Derivatized AA were detected by measuring the absorbance at
254 nm. The chromatographic system was a liquid chromatograph detector
(Waters) consisting of two 510 HPLC pumps for high-pressure gradient, a
temperature control module (set at 46°C), a 484 absorbance detector, a
Rheodine 20 mL injector, and the Millennium Chromatography data acqui-
sition and management software (Waters).

Statistical analysis. Data are reported as mean � SD unless otherwise
stated. Comparison between groups (CF, non-CF bronchiectasis, and control
subjects) were made using a two-tailed t test. Given that the data were
approximately log-normally distributed (Fig. 1), they were log-transformed
before statistical analysis. Correlations were performed by linear regression
analysis. Statistical significance was set at p � 0.05.

RESULTS

The results of AA content in neutrophils, expressed as
micromoles � 10–7 are reported in Table 2. The CF group
showed a significant decrease of free intracellular neutrophil
Gln content compared with controls (mean, 4.31 � 2.72
versus 10.6 � 3.48; p � 0.001) and the non-CF bronchiectasis
group (mean, 4.31 � 2.72 versus 7.67 � 4.32; p � 0.01). In
the latter group, levels of neutrophil Gln were significantly
lower in respect to the controls (p � 0.03). Total intracellular
AA were significantly increased in the CF group compared
with controls (450.9 � 112.2 versus 324.3 � 90.42; p �
0.001).

AA plasma concentration (�mol/L) in non-CF bronchiec-
tasis showed a decrease of Gln (p � 0.01) and taurine (p �
0.01) compared with controls, whereas in the CF group no
significant differences were found (Table 3).

In the CF group, a weak but significant correlation between
plasma Gln concentration and neutrophil Gln content was
found (r2 � 0.47; p � 0.05). Plasma concentration and
neutrophil content of Gln, taurine, arginine, and citrulline did
not show any significant correlation with age, inflammatory
parameters (CRP, white blood cell count), indexes of pulmo-
nary and disease severity (FEV1%, Rx-thorax score, and
Shwachman-Kulczycki score, respectively) and nutritional
status (Moore index). No significant differences in clinical and
biochemical parameters were found between CF patients with

Table 1. Study of CF patient characteristics

CF severe CF mild

No. 15 11
Age (y)

Median (range) 10.8 (4–18) 12.1 (4–18)
Sex

Male 8 7
Female 7 4

Inflammatory parameters
WBC count (mm3) 6.940 (2.337) 5.910 (1.518)
CPR 0.44 (0.5) 0.1 (0.02)

Disease severity
FEV1% 91.8 (25.2) 94.1 (18)
Rx-thorax score 12.1 (3.91) 9 (4.98)
Shwachman-Kulczycki score 79.2 (10.1) 87.3 (9.2)

Nutritional status
Moore index 102.2 (12.2) 98.3 (10.9)

Values are expressed as mean (SD) unless otherwise indicated. No signif-
icant differences were found between both groups.

Figure 1. Neutrophil glutamine content in CF patients with mutations asso-
ciated with a complete failure of CFTR activity (CF severe, n � 15) and CF
patients with mutations associated with a residual CFTR activity (CF mild, n
� 11), non-CF bronchiectasis (n � 10), and controls (n � 20). Neutrophil
glutamine content in “CF severe” showed values significantly reduced com-
pared with the “CF mild” genotype (p � 0.01) and the non-CF bronchiectasis
and controls (p � 0.001).
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and without PA colonization. No significant correlation was
found between plasma concentration and neutrophil Gln con-
tent in non-CF bronchiectasis and controls.

To investigate the role of genotype in determining the
biochemical alterations of neutrophils in CF, we considered
two subgroups sharing severe and mild mutations, respec-
tively, as reported in “Methods.” Neutrophil Gln content
showed values significantly lower in the former group (2.95 �
1.40 versus 6.16 � 3.03; p � 0.01) (Fig. 1).

Finally, we found in the CF group increased neutrophil
content of glycine, histidine, threonine, isoleucine, and valine
in respect to the controls, but these results were not considered
as primary outcomes in our study.

DISCUSSION

The main result of our study was a marked decrease of Gln
content in circulating neutrophils and normal plasma values in
CF patients, whereas non-CF bronchiectasis showed a mild
intracellular Gln depletion with decreased plasma concentra-
tion. Moreover, patients with “severe” CFTR mutations
showed values of neutrophil Gln content significantly lower in
respect to those with “mild” mutations, suggesting a role of
genetic component in neutrophil metabolism.

Glutamine is normally considered to be a nonessential AA.
However, studies have provided evidence that it may become
“conditionally essential” during inflammatory condition and
injury. In fact, studies performed in “critically ill patients”

such as after burns, trauma, surgery, and sepsis showed a
decrease of plasma, muscle, and neutrophil Gln content as-
cribed to elevated consumption in immunologic cells and
other tissues resulting in a demand for Gln that outstrips
supply (24–29). Furthermore, a recent study demonstrated a
depletion of plasma and mucosal intestinal Gln correlated with
the presence of chronic inflammatory stress (30). Our disease
groups were both affected by a chronic inflammatory disease
and were evaluated during a stable period. Nevertheless, we
observed significant differences between them in respect to the
plasma and intracellular Gln level. Non-CF bronchiectasis
showed alterations similar to those previously described in
inflammatory conditions, whereas the CF group exhibited a
different pattern of alterations. The presence of normal Gln
plasma values in CF patients suggest that a systemic Gln
deficiency does not occur in these patients, indicating an
intrinsic mechanism of neutrophil Gln depletion. This finding
indicates that the presence of chronic inflammatory response
is per se unable to explain the alteration of neutrophil Gln
metabolism found in CF patients, suggesting that it could be
directly correlated to the CFTR mutation. Interestingly, we
found a significant difference in intracellular Gln content
between the CF subgroups with severe or mild genotype,
which supports the hypothesis of a direct correlation with the
genetic background.

Evidence of the CFTR gene expression in cells of nonepi-
thelial origin (including neutrophils) has been demonstrated in
the past (31). More recently, the hypothesis that neutrophils of
CF patients could have functional alterations directly corre-
lated with CFTR mutation was proposed by Witko-Sarsot et

Table 3. Results of plasma AA concentration (�mol/L) in patients
affected by CF, non-CF bronchiectasis, and controls

Amino acids
CF

(n � 26)
Non-CF bronchiectasis

(n � 10)
Controls
(n � 20)

Aspartic 7.12 � 2.5 5.36 � 1.7 5.74 � 2.2
Glutamic 41.3 � 9.4 39.1 � 13 37.1 � 9.7
OH-proline 19.2 � 9.9 19.7 � 10.9 14.3 � 7.5
Serine 119 � 25 137 � 29 126 � 23
Asparagine 74.3 � 17 78.3 � 13 81.0 � 11
Glycine 218 � 52 214 � 51 194 � 37
Glutamine 442 � 122 391 � 96* 497 � 89
Taurine 71.6 � 15 52.4 � 16* 61.9 � 12
Histidine 56.7 � 17 63.9 � 21 56.1 � 14
Citrulline 13.1 � 3.3 11.2 � 2.7 12.5 � 3.7
Threonine 130 � 34 124 � 57 116 � 33
Alanine 312 � 79 315 � 97 278 � 60
Arginine 58.4 � 19 60.1 � 14 67.0 � 14
Proline 201 � 67 271 � 96 211 � 53
Tyrosine 76.7 � 27 73.9 � 15 65.2 � 19
Valine 249 � 52 249 � 69 239 � 41
Methionine 18.1 � 7.7 23.5 � 13 21.5 � 5.9
Isoleucine 62.8 � 18 63.5 � 19 59.1 � 16
Leucine 123 � 20 129 � 31 113 � 21
Phenylalanine 55.3 � 10 54.5 � 15 52.9 � 9.4
Tryptophan 58.2 � 11 61.9 � 16 53.4 � 12
Ornithine 82.3 � 17 82.1 � 30 88.1 � 14
Lysine 161 � 38 174 � 22 179 � 21

Values are expressed as mean � SD.
* Significantly different compared with controls (p � 0.01; t test after

logarithmic transformation).

Table 2. Results of free intracellular neutrophil AA content (�mol
� 10–7 cells) in patients affected by CF, non-CF bronchiectasis,

and controls*

CF
(n � 26)

Non-CF bronchiectasis
(n � 10)

Controls
(n � 20)

Sum AA 450.9 � 112† 371.3 � 215 324.3 � 90.4
Aspartic 4.623 � 1.14 6,021 � 3,43 4.308 � 1.18
Glutamic 15.68 � 8.35 16,55 � 10,8 12.59 � 4.24
OH-proline 2.235 � 1.72 2.025 � 0,93 1.887 � 0.71
Serine 21.07 � 5.72 16.37 � 14.9 16.82 � 3.28
Asparagine 4.977 � 3.58 2.773 � 2.33 3.903 � 2.52
Glycine 22.67 � 7.64 12.42 � 9.72 14.29 � 3.98
Glutamine 4.318 � 2.72† 7.674 � 4.32‡ 10.62 � 3.48
Taurine 139.5 � 47.7 115.0 � 12.0 115.1 � 43.0
Histidine 5.251 � 1.96 2.663 � 2.58 3.245 � 0.73
Citrulline 6.767 � 0.91 8.355 � 5.30 5.182 � 2.56
Threonine 20.55 � 7.69 14.41 � 17.6 9.850 � 4.10
Alanine 34.51 � 13.5 27.28 � 23.3 24.51 � 7.53
Arginine 10.75 � 4.76 9.068 � 8.18 8.883 � 2.21
Proline 8.22 � 5.33 5.181 � 5.09 5.701 � 1.85
Tyrosine 10.76 � 3.12 7.084 � 6.47 8.375 � 4.15
Valine 21.04 � 5.28 14.93 � 14.8 12.80 � 3.45
Methionine 7.641 � 2.71 6.527 � 6.81 5.583 � 1.93
Isoleucine 17.12 � 6.20 15.14 � 16.0 8.175 � 2.30
Leucine 37.77 � 12.4 33.32 � 28.4 21.68 � 6.00
Phenylalanine 10.84 � 4.62 11.06 � 8.67 7.260 � 2.47
Tryptophan 2.322 � 1.71 1.846 � 1.93 1.736 � 0.86
Ornithine 8.572 � 5.01 7.563 � 8.12 6.133 � 1.51
Lysine 33.88 � 16.5 28.72 � 24.4 23.93 � 8.82

* Values are expressed as mean � SD.
† Significantly different compared with controls (p � 0.001).
‡ Significantly different compared with controls (p � 0.03) and CF group

(p � 0.01) (t test after logarithmic transformation).
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al. (32). These authors found an increased ability to generate
myeloperoxidase-derived oxidants from isolated neutrophils
in heterozygous parents of CF patients, providing strong
evidence for a genetic component to altered neutrophil func-
tion. It has been shown that circulating neutrophils have
intrinsic alterations, likely due to CFTR mutation, implicating
their primary involvement in the defective regulation of sys-
temic inflammatory response in CF (4,5,33). Data reported
here provide additional support for the presence of intrinsic
alterations of neutrophil metabolism related to the genetic
component that could represent a relevant factor explaining
the changes of neutrophil behavior previously described. Re-
cent studies have shown that Gln appears to exert a regulatory
influence on inflammatory processes by neutrophils respond-
ing to inflammatory and infectious stimuli. In fact, Gln sup-
plementation in vitro enhances both phagocytosis and ROS
production in isolated neutrophils (34) and, in vivo, suppresses
IL-8 production by neutrophils (35). Inasmuch as an increased
IL-8 production (33) and oxidative burst alterations (36) have
been reported in circulating neutrophils from CF patients, the
Gln intracellular depletion found in our study may explain
these alterations. However, the exact role of neutrophil Gln
depletion in the pathogenesis of CF remains to be elucidated.
We found no significant correlation between neutrophil Gln
content and the main clinical parameters of pulmonary func-
tion and disease severity. Furthermore, these parameters did
not show any significant difference between CF groups with
severe or mild genotype. Nevertheless, on the basis of our
results we cannot assert whether the neutrophil biochemical
alterations observed are a cause rather than an effect of CF
disease. Longitudinal clinical trials performed on a larger
population and including phases of superimposed acute illness
are needed.

In conclusion, we demonstrated that neutrophils of CF
patients present biochemical alterations before migrating to
the site of infection, and these alterations seem to be associ-
ated with CFTR mutation. Results of our study add further
evidence for intrinsic neutrophil alterations that could play an
important role in the pathogenesis of chronic pulmonary dis-
ease in CF patients.
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