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Specific alterations in the serum amino acid profile of patients with
lung cancer and head and neck cancer
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Summary

Purpose: Metabolism of the immediate principles is altered in cancer patients, resulting in an
altered serum concentration of amino acids. The aim of this study was to find specific serum amino
acid profiles in patients with cancer of the lung or head and neck.

Material and methods: We analyzed the baseline serum levels of 27 amino acids in 51
patients with cancer of the lung or head and neck with no metabolic alterations or other concomitant
disorders and compared the results with a control group.

Results:Compared with the control group, patients with head cancer had significant differences in
cysteine, aspartic acid, 3-methyl histidine, alanine, glycine, lysine, methionine, proline, serine, taurine,
tyrosine, and threonine; and patients with lung cancer in cysteine, aspartic acid, 3-methyl histjdine,
histidine, citrulline, ornithine, alanine, glycine, lysine, methionine, proline, serine, taurine, tyrosine,
and threonine.

Conclusions:Variation in serum levels of certain amino acids in head and neck cancer and |lung
cancer is probably caused by interaction of the neoplasm with the protein metabolism. Each type of
tumor has a certain specificity in the serum amino acid profile that may be useful in the diagnosis of
these tumors.
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Resumen

Objetivo: EI metabolismo de los principios inmediatos esta alterado en el enfermo neoplasido, lo
gue se traduce en una concentracion de aminoacidos séricos alterada. El objetivo del estudio eg encon-
trar perfiles especificos de aminoacidos séricos en cancer de pulmén y de cabeza y cuello.

Material y métodos: En 51 pacientes con carcinoma de pulmoén y cabeza y cuello sin alteracio-
nes metabdlicas ni otras patologias concomitantes se analizan los niveles séricos basales de 27 amino-
acidos diferentes y se comparan entre ellos y con un grupo control.

Resultados:Se encontraron diferencias estadisticamente significativas en pacientes con cancer
de cabeza respecto al grupo control en: cistina, acido aspartico, 3-metil-histidina, alanina, glicina, lisi-
na, metionina, prolina, serina, taurina, tirosina, treonina. Y en pacientes con cancer de pulmén en: cis-
tina, acido aspartico, 3-metil-histidina, histidina, citrulina, ornitina, alanina, glicina, lisina, metionjna,
prolina, serina, taurina, tirosina, treonina.

Conclusiones:La variacion en los niveles séricos de determinados aminoacidos en cancer de ca-
beza y cuello y en cancer de pulmoén esta motivado probablemente por la interaccion de la nepplasia
en el metabolismo proteico del huésped. En cada tipo de tumor hay una cierta especificidad en (el per-
fil de aminoéacidos séricos que puede tener utilidad en el diagnéstico de estos tumores

Palabras clave Aminoacidos. Cancer pulmén. Céancer cabeza y cuello.

Introduction but also with proteins. Patients with cancer and ca-
chexia have a reduced protein synthesis and altered
Amino acids are simple, monomeric subunits that glucose metabolism at the level of the skeletal mus-
provide the key to the structure of thousands of dif- cle, which has been associated with a reduction in
ferent proteins. They are composed of a carboxyl the uptake of leucine by the muscle
group and an amino group, bound to a carbon Alterations in the metabolism of amino acids and
atont. The 20 amino acids in proteins are usually proteins in persons with neoplasms are usually the
referred to as stand&rdBesides the 20 standard consequence of certain dysfunctions in the host me-
amino acids that are common to all proteins, other tabolism, such as accelerated glyconeogenesis and
amino acids have been detected that are only foundincreased protein synthesis by the livéys a result,
in certain specific proteins. Five main groups of changes in the serum profile of free amino acids are
amino acids exist: the non-polar aliphatic R-groups, reflected in alterations in protein metabolism, as oc-
the aromatic, the polar with no charge, the negati- curs in other diseases, such as diabetic ketoacidosis
vely charged, and the positively chargeldn ex- and protein or calorie malnutritibanThe degree of
change chromatography is the most commonly usedmodification of the amino acid pattern in cancer pa-
technique for the separation, identification and tients depends on such variables as the specific type
guantification of each of the amino acids present in of tumor, the stage of the disease and its extension,
a mixturé. as well as the possible association of protein-calorie
Certain metabolic and thermodynamic processes malnutritiort®.
take place in the cancer patient that are advantage- Tumors in different organs can differ greatly, not
ous compared with the normal cell, and with which only in their capacity for proliferation and metasta-
metabolism of the immediate principles has special sis, but also in the influence on the host metabolic
peculiarities, not only with carbohydratesd fat$, statusd! and, consequently, in changes in the serum
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amino acid profile in relation to the type of tumor. tions for the organism, such as infections; diabetes

Increased levels have been detected for amino acidsnellitus; other endocrinologic or metabolic altera-

that have certain specificities in relation to the spe- tions; uncontrolled hypertension; liver, cardiac, or

cific type of tumor, like sarcomé&s hepatomas, kidney disease; chronic infectious diseases, such as

lung'4, breas®, head and neck regifngastrointes- hepatitis B or C, or AIDS.

tinal’, and bladdéf. Other studies have shown that

these amino acids return to their usual values afterLaboratory measurements

effective therapy, and in turn rise again when the di-

sease relaps€s® The measurements consisted of the serum analy-

The aim of our study was to analyze the serum sis of 27 different amino acids. The amino acids

amino acids in patients with head and neck cancermeasured were: aspartic acid, taurine, threonine, se-

and in patients with advanced lung cancer, not in rine, asparaginine, glutamic acid, glutamine, proli-

the surgical period, with no nutritional alterations or ne, glycine, alanine, citrulline, aminobutyric acid,

other accompanying disorders, and to compare the-valine, cysteine, methionine, isoleucine, leucine, ty-

se levels with those of a healthy control group in or- rosine, phenylalanine, tryptophan, ornithine, lysine,

der to try to detect specific patterns of amino acids histidine, arginine, hydroxyproline, 3-methyl histi-

in these two types of tumors. dine, 1 methyl histidine. Measurements were made
with a Beckman System 6300/7300 Amino Acid
Analyzer (Pickering Laboratories) according to the

Material and methods manufacturer’s instructions and protocols. Samples
for analysis were prepared from 1 ml of blood co-
Patient selection llected into tubes containing heparin. An aliquot

(20 yL) of whole blood was transferred to a 400

This prospective study included 51 patients with centrifuge tube and 2Q0L of a buffer solution (pH
head and neck cancer or lung cancer, not in the sur2.2 containing a mixture of hydrochloric acid and
gical period, treated by our Medical Oncology Ser- citric acid), mixed thoroughly, frozen and stored at
vice. The control group consisted of 26 healthy sub- —20°C for batched analysis to minimize methodolo-
jects without cancer or intercurrent diseases to de-gical variation in measurement. Subsequently, the
termine the amino acid profile. samples were thawed and centrifuged at 13,000 rpm

The inclusion criteria were: age 18-70 years; for 10 min. To de-proteinase the sample, RQ0of
ECOG <2; weight loss less than 5%; advanced sta-the supernatant was taken with a micropipette,
ge not in the surgical; no prior chemotherapy; no transferred to a 400 (L centrifuge tube to which
endocrinologic or metabolic disorders; no uncontro- 20 pL of sulphosalicylic acid was added and centri-
lled hypertension or infections; normal liver, heart fuged at 13,000 rpm for 5 min. The supernatant
and kidney function; and adequate bone marrow re-(5 pL) was mixed with 50% Li-A (Lithium citrate
serve. The inclusion criteria for the control group high performance amino acid analysis buffer) and
were: adults aged 18-70 years, good general state opassed through af_ filter.
health, normal nutritional and daily regimen, no in-
tercurrent acute or chronic disease. Statistical analyses

The nutritional index was assessed from clinical
and laboratory data. Patients were only included if For the descriptive study, the normality of the
their weight loss was less than 5% between onset ofdistribution of the amino acids and the other para-
the first symptoms of the neoplastic disease and themeters in blood and urine in each one of the cycles
time of inclusion in the study. This was in order to was verified with the Kolgomorov-Smirnoff test.
minimize the effect of tumor cachexia on the host The description was made with the mean * standard
metabolism, and avoid its influence on the serum deviation for the parameters that followed a normal
amino acid profile. The intercurrent diseases that distribution, and the median and 25 and 75 percenti-
were avoided were those we believed might interfe- les for the variables that did not follow a normal
re in the amino acid levels: acute stressful condi- distribution. The Kruskall-Wallis test was used to
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compare the baseline levels of each of the aminonon resectable, stage IV tumors, of which just seven
acids collected in blood and urine from the cancer (25%) had received no prior treatment, with the ot-
patients with those of the healthy controls (polycho- hers (75%) having been treated with surgery or ra-
tomised independent variable and quantitative de-diotherapy, or both. Among the lung cancer pa-
pendent variable, with independent samples). tients, all the small cell lung cancer patients had
chest limited disease whereas of the patients with
non-small cell lung cancer, two were stage IV (one
with intrapulmonary and the other with supraclavi-
cular metastasis) and five patients were stage Illb
The median age of the patients was 58 (range, 23-(three after progression with radiotherapy).

70), with 48 men (88%) and six women (12%). The  Concerning the comparative analysis of the se-
median age of the controls, all of whom were men, rum amino acid levels in lung cancer patients, head
was 53 years (range, 40-66). Regarding tumor loca-and neck cancer patients, and the control group, the
tion, 27 patients (50%) had epidermoid head and concentration of amino acids in blood was determi-
neck carcinoma and 24 (44.4%) had lung cancer, 17ned inuM/L (Table I). Analysis of the baseline se-
(70%) with small cell lung cancer and seven (30%) rum amino acid levels in each of the tumors and in
with non-small cell lung cancer. Of the patients with the control group showed no significant differences
head and neck tumors, all were locally advanced, between the different types of tumor for any of the

Results

TABLE |

Baseline serum levels of amino acids (mean + standard deviation, except for the first six which did not follow
a normal distribution, with the median and 25-75 percentiles) in patients with head and neck cancer (Group 1),
lung cancer (Group 2) and healthy subjects (Group 3), and intergroup comparisons

Head and neck cancer Lung cancer Healthy subjects Group 1 vs. Group 2 vs.
Amino acid (Group 1) (Group 2) (Group 3) Group 3 Group 3
3-methyl histidine 53(14-95) 1(1-1) 1(1-1) 0.0001 0.0001
Aminobutyrate 2(2-17) 14(2-20) 6(2-21) NS NS
Aspartic acid 7(3-12) 2(1-4) 1(1-4) 0.0001 0.0001
Hydroxyproline 1(1-1) 1(1-1) 1(1-1) NS NS
Cysteine 20(12-30) 37(27-43) 37(24-40) 0.018 0.03
Alanine 222.7+81 311.9+93.8 343 £109 0.004 0.0001
Arginine 75.2 +36.1 83.7 £40.9 81.8 +39.7 NS NS
Asparagine 33.4+20.8 38.1+21.3 38.9+22.2 NS NS
Citrulline 145+7.4 242 +11.2 28.12+17.2 NS 0.03
Phenylalanine 56.5 +23.2 66.4 £ 22.7 66.4 + 17 NS NS
Glycine 161 +60.8 243 +£101.9 239+71.2 0.001 0.003
Glutamine 679.6 +124.6 692.88 £177.9 733.5+139.2 NS NS
Histidine 150.2+70.8 99.3 £53.6 76.4+42.8 NS 0.004
Isoleucine 54.6 +28.1 62.5 +20.9 69.3+17.8 NS NS
Leucine 116.1 £+54.6 129.9 +50.1 132.7+35 NS NS
Lysine 279.5 + 96 174.6 £127.8 169.4 + 66.8 0.003 0.002
Methionine 16.1+15 27.3+15.7 30.3 +15.03 0.02 0.002
Glutamic acid 50.4 £33.1 65.3 +33.3 67.3£28.7 NS NS
Ornithine 1412 +64.1 107 £61.9 99 £ 51 NS 0.04
Proline 115.1+44.2 189.6 +57.1 240.3+121 0.005 0.0001
Serine 76.6 £ 37.6 111 + 66 108.3 £ 26 0.03 0.04
Taurine 31.4+19.2 57.2+29.6 59.5+40 0.02 0.01
Tyrosine 54.2 £23.7 70.5 £28.6 74.7 £18.1 0.04 0.01
Threonine 96.4 +40.9 127 +42.4 126 +40.6 0.031 0.038
Tryptophan 59.6 £ 26.5 52.2+22 59.4 +18.7 NS NS
Valine 189.2 +79.9 226.5 +83.3 2349+72.8 NS NS
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amino acids. However, comparison of the amino It should be recalled that tumors in different or-
acids between the cancer patients and the healthygans vary not only in their capacity for proliferation
subjects showed differences in an important numberand dissemination, but also in their influence on
of specific amino acids. In general, the mean serumhost metabolis# and, possibly, in the specific ami-
concentration of the amino acids was higher in all no acid profile with relation to the histopathologic
the types of tumors studied in comparison with the lineage of the neoplasm. The interdependence of
normal population, except for six amino acids: 3- their relationship was confirmed on verifying that
methyl histidine, aspartic acid, histidine, lysine, or- they are normalized when tumor therapy is effecti-
nithine and aminobutyric acid. ve, and return to high levels if the neoplastic pro-
Significant differences were seen in patients with cess recufd
head and neck cancer as compared with the control In cancer, the serum concentration of amino acids
group in the following amino acids: cystine, aspar- is conditioned by imbalances in protein metabolism
tic acid, 3-methyl histidine, alanine, glycine, lysine, induced both by host-tumor interaction and by the
methionine, proline, serine, taurine, tyrosine, and metabolic requirements of the tumor for specific
treonine. Significant differences were seen in the amino acids. Moreover, changes in the serum amino
patients with lung cancer, as compared with the acid profile have been used to attempt to configure
control group, in cystine, aspartic acid, 3-methyl diagnostic and prognostic patterns for each type of
histidine, histidine, citrulline, ornithine, alanine, tumor, as has been done for other dis€adbxvert-
glycine, lysine, methionine, proline, serine, taurine, heless, although changes in the amino acid profile
tyrosine, and treonine (Table ). occur, changes which have a certain specificity in
cancers, we should consider the multiple factors
_ _ that influence their concentration and the reduced
Discussion homogeneity of the tumors studied in most reports,
assuming that a specific change in the serum amino
After it was learnt that the presence of a tumor re- acid concentration can be attributed to the tdfmor
sulted in increased protein metaboli$mstudies we- ~ Modifications in the amino acid pattern depend on
re undertaken on variations in serum levels of ami- such variables as the specific type of tumor, the sta-
no acids as possible indicators of the influence of ge of the disease and its extension, and its associa-
the tumor on the host proteins, as well as which tion or otherwise with protein and calorie malnutri-
amino acids preferably require a neoplasm for pro- tion. This all suggests that further studies are requi-
tein synthesi. In our study, we found that in pa- red, with neoplasms in early stages, or more advan-
tients with one of the two types of tumors studied ced stages of extraintestinal tumors, with a longitu-
(lung cancer and head and neck cancer), the baselidinal design, to define more precisely the deficit or
ne serum levels of a series of amino acids were sig-excess of amino acids in cancer.
nificantly different when compared with a healthy In our study, we attempted to define the influence
control group. Thus, the presence of a tumor that of head and neck tumors and lung tumors on the
“parasitizes” the organism may have a decisive in- protein metabolism of the patients involved. In or-
fluence on its general metabolism, and more speci-der to avoid the bias mentioned above, we attemp-
fically on its protein metabolism, which would af- ted to homogenize the selection criteria for our sam-
fect the serum concentration of amino acids, which ple as much as possible. As all the patients had an
usually constitute about 0.5% of the whole pool of adequate nutritional status and a normal lifestyle,
amino acids in a person weighting 70°kd-ree neither a sedentary lifestyle, nor changes in nutritio-
amino acids serve as a substrate for protein synthe-nal habits influenced the results. Although not all
sis, glyconeogenesis, ureagenesis and other catabathe patients were in the early disease stages, none
lic processes. Accordingly, it is logical to suppose, had suffered a weight loss greater than 5% since the
as has been demonstrated, that in both cancer andnset of symptoms. Moreover, none had infectious,
other diseases involving an imbalance in this meta- endocrinologic, kidney, or liver disorders, situations
bolic order, alterations take place in serum levels of which cause the serum concentration of amino acids
amino acids to vary. The other influencing factors, such as tumor
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load, we tried to homogenize, choosing patients done in lung cancer patients, but the same problems
with a low tumor load in similar stages, locally ad- are still found regarding variability of essential fac-
vanced and with no disseminated metastases. Theors when interpreting the results. In fact, little ho-
age of the patients was also similar, as they were allmogeneity exists between the studies in their re-
over 40 years of age, whatever their type of tumor. sults, and there are even discrepancies.
The control group was composed of healthy per- Casciné®reported a reduction in glycogenic ami-
sons, with no acute or chronic disease, and with theno acids in lung cancer patients with an acceptable
same nutritional and lifestyle habits as the cancer nutritional status and an increase in tryptophan and
patients. Their age distribution was similar, and all glutamic acid compared with controls, suggesting
were men, as only six of the 51 cancer patients werethat in this type of tumor there exists a certain situa-
women. tion of hypercatabolism preceding the cachexia. We
Comparison of the patients with the controls sho- failed to detect any of these changes in our series.
wed changes in the following amino acids in both The results of this study are coherent, since, alt-
types of tumor: cystine, aspartic acid, 3-methyl his- hough no patient was in an advanced state of cache-
tidine, alanine, glycine, methionine, proline, serine, xia, neither the degree of tumor extension nor indi-
taurine, tyrosine, treonine. Citrulline, histidine, lysi- vidual weight loss were recorded. What does seem
ne and ornithine were also significantly changed in clear is that a limit is reached during the course of
lung cancer patients. cancer at which host metabolic disturbances are so
Patients with a nutritional deficit or in a state of intense (regarding total body protein exchange) that
cachexia have a generalized reduction in most ami-they cause a reduction in nitrogen balance, which is
no acids, especially the precursors of neoglycogene-the starting point for impoverishment, though no
sis, due to the increased use of these to obtainobjective nutritional deficit is detected till some ti-
energy. However, the cancer patients in our series, me later.
with no weight loss or nutritional deficit, had an in- Increases are detected in a series of serum amino
creased amino acid profile compared with the con- acids in microcytic lung cancer. These increases ha-
trols, except for aspartic acid, 3-methyl histidine, ve been attributed to specific features of this type of
lysine, histidine and ornithine, the concentrations of tumor, independently of the nutritional status of the
which were reduced in lung cancer patients, and as-subject’. This study has similarities to our series re-
partic acid and 3-methyl histidine in head and neck garding increases in blood of an important number
cancer patients. of amino acids, although there are specific differen-
Some studies have analyzed changes in certainces between the different amino acids that experien-
amino acids in each type of tumor, in order to deter- ce an increase, probably due to bias and differences
mine the influence of a particular tumor on the ge- in patients selection.
neral metabolism of the patient, and occasionally to A study undertaken in murine models with lung
use as a diagnostic and therapeutic paradigter cancer implants found increases in almost the same
Most of these studies, however, have included a lowamino acids as those that were increased in our
number of patients, with notable variations in their study; only glycine and taurine were unchanged in
weight, clinical situation, tumor stage, and so on, all rat$®, whereas they were increased in our study. In
of which affect their reliability. both studies, murine and human, the constants were
Two studies of patients with head and neck can- strictly controlled to avoid any skew. Even though
cers failed to detect significantly high levels of any we were unable to ensure that all the constants were
amino acid® %5, whereas they did detect a reduction homogenous, the results are similar to those of the
in the levels of treonine or glycine. This latter is a murine study. This latter study evaluated the interfe-
neoglycogenic amino acid, which in our series was rence in the host protein metabolism of a recently
high in comparison with the controls. Fewer amino implanted tumor, with no other concurrent modif-
acids were studied in these two works than in our ying factors.
series, with few patients and with a very reduced Another important finding is that the histopatho-
energy intake due to tumor invasion and difficulty logic types of the tumors studied, lung and head and
swallowing. A greater number of studies have been neck, underwent similar changes in their amino acid
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