INEKTPOHHbIV }KypHan «BecTHMK HoBOCMBUMPCKOro rocy4apcTBEHHOIO NeAarorMyeckoro yHMBepcuTeTa»

5(15) 2013 www.vestnik.nspu.ru ISSN 2226-3365
© I0. b. bypnaka, H. B. ['puns, C. B. Bepesxa
YK 616-008.6 + 616-002-008.6

AMMUHOKUCNOTHbIM NYN NNA3Mbl KPOBU BOJIbHbIX PAKOM FOPTAHU*

0. b. bypnaka, H. B. I puns, C. B. Bepeska (Kues, Ykpauna)

BosHuknosenuto  u  pazeumuio  310KA4eCMBEHHbIX — HOB000PA308AHUL  CONYMCMBYIOM
BbIPAICEHHBIE HADYUWIEHUSL 8 NPOMEIICYMOYHOM OoOMeHe U Memaboausme aMUHOKUCIOM U UX
npoussoouwvix Unghopmayus, noryyaemas npu anHanuze amMuHOKUCIOMHO20 CREKMPA PUUOTOSULECKUX
JrcUOKOCmetl, umMeem He MOILKO CyeyOo meopemuyeckoe, HO U NPaAKmuyeckoe 3HaueHue. Smo
uccnedosanue OblI0 NPOBEOEHO C YENbIO AHANUZA AMUHOKUCTIOMHO20 CNeKMpaA Nia3Mbl KPO8U DOTbHbIX
C pakom 2opmanu 05k YCMAHOGLeHUs UHOOPMAMUBHOCIU OAHHO20 Kpumepus 071 OYeHKU CheneHu
msidicecmu u cmaouu 3abonesanus. bviiu npoanaruzupoganvt 19 amunoxucnom y 15 nayuenmos ¢ 1l u
Il cmadueii paxa ecopmanu, 6Oe3 MemaOOIUYECKUX HAPYWEHUL UTU OPYeUX CONYMCMBYIOUUX
3aboneeanuii. Ilo cpaguenuio ¢ KOHMPOILHOU SPYRNOU, Y NAYUEHIMOB8 C PAKOM 20PMAHU HADII00AIOCH
docmoeepHoe ygenuyeHue YposHell TU3UHA, OPHUMUHA, acnapa2uHo8ol KUCIOMbl, CepuHd, IuyuHd,
SIYMAMUHOBOU KUCAOMbL, YUCMeuna, aetiyuna, muposuna u ¢enunananuna. Taxkum obpazom,
UBMEHEHUsl YPOGHS AMUHOKUCIOM CAYHCAm OOCHOBEPHbLIMU NOKA3AMENaMU  MemadoauiecKoo
ducbananca Kax 8axcheliuie20 OUOXUMUYECKO20 KPUMEPUSL PA3GUMIUSL OHKOIOSULECKO20 NPpoyeccd.

Kntroueswie cnosa: amunokuciomol, niazma, paxK copmatu.

various physiologic or pathologic conditions.

Introduction However, it is frequently asserted that plasma
There is abundant literature concerning the levels of AAs are difficult or even impossible to
plasma concentrations of amino acids (AAs) in interpret.
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The grounds for this assertion are that the
plasma pool of free amino acids (PFAA) is very
small compared with the intracellular pool of
PFAA, which in turn is small compared with the
protein-bound AA pool, all three being in
equilibrium. In addition, AAs undergo various
inter organ exchanges, which further hinder the
interpretation of static plasma values. Also, there
are a large number of cellular AA transport
systems with overlapping properties and organ
specificities [1].

As with most nutrients, plasma AA
concentrations are subject to homeostasis. This
means that, in  physiologic
concentrations of each AA vary within fixed
limits and are tightly regulated. The availability
of plasma free amino acids is often reduced in

situations,

cancer patients. The reduced availability is
caused by the malnutrition in a tumor-bearing
state and by an increase in the amino acid
demand as a consequence of the presence of the
tumor. Protein is a critical reservoir of metabolic
fuel and may become seriously depleted during
tumor growth. The severity of these disorders
depends on the extent of the host cachetic
response, which in turn is dependent on the stage
and the type of the cancers [2].

Tumors in different organs can differ
greatly, not their capacity for
proliferation and metastasis, but also in the
influence on the host metabolic status [3] and,
consequently, in changes in the serum amino
acid profile in relation to the type of tumor.
Increased levels have been detected for amino

only in

acids that have certain specificities in relation to
the specific type of tumor, like sarcomas [4],
hepatomas [5], lung [6], breast [7], head and
neck region [8], gastrointestinal [9], and bladder
[10]. Other studies have shown that these amino
acids return to their usual values after effective
therapy, and in turn rise again when the disease
relapses [11, 12].
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The aim of our study was to analyze the
serum amino acids in patients with oral cancer
and in different stages of disease, not in the
surgical period, with no nutritional alterations or
other accompanying disorders, and to compare
these levels with those of a healthy control group
in order to try to detect specific patterns of
amino acids in different stages of disease of
tumors.

Material and methods

Patient selection

This prospective study included 15 patients
with oral cancer, not in the surgical period,
treated by Kolomiychenko Institute of
Otolaryngology. The control group consisted of
10  healthy subjects without cancer or
intercurrent diseases to determine the amino acid
profile. The inclusion criteria were: age 18-70
years; weight loss less than 5%; advanced stage
not in the surgical; no prior chemotherapy; no
endocrinologic or metabolic disorders; no
uncontrolled hypertension or infections; normal
liver, heart and kidney function; and adequate
bone marrow reserve. The inclusion criteria for
the control group were: adults aged 18-70 years,
good general state of health, normal nutritional
and daily regimen, no intercurrent acute or
chronic disease.

Laboratory measurements

The measurements consisted of the serum
analysis of 19 different amino acids. The amino
acids measured were: lysine, histidine, arginine,
ornithine, aspartic acid, threonine,
glutamic acid, proline, glycine, alanine, cysteine,
valine, methionine, isoleucine, leucine, tyrosine,
phenylalanine, and glutamine. Measurements
were made with a Beckman System 6300/7300
Amino Acid Analyzer (Pickering Laboratories)
according to the manufacturer’s instructions and
protocols.

serine,
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Statistical analyses

The mean amino-acid concentrations =+
standard deviations were calculated to determine
summarized PFAA profiles for both patients and
controls. Student’s t-tests and Mann-Whitney U-
test was used to assess significant differences of
the plasma amino-acid concentrations between
the patients and the controls.

Results and Discussion

The median age of the patients with II and
III stage was 58 (range, 51-64). The median age
of the controls, was 61 years (range, 47-67).
Regarding type, all patients had
keratinizing squamous cell carcinoma. Tree
patients with stage III had metastases in node of
neck. All the patients were locally advanced, non

tumor

resectable and no prior treatment. Concerning
the comparative analysis of the serum amino
acid levels in cancer patients and the control
group, the concentration of amino acids in blood
was determined in puM/L (Table I).

Analysis of the baseline serum amino acid
levels between cancer patients and the healthy
subjects showed significant differences in an
important number of specific amino acids. In
general, the mean serum concentration of the
amino acids was higher in both stages of tumor
studied in comparison with the normal
population, except for the following amino acids:
methionine, tyrosine, and glutamine. Significant
increasing was seen in patients with II stage of
cancer as compared with the control group in the
following amino acids: lysine, ornithine, aspartic
acid, serine, glutamic acid, cysteine, leucine,
tyrosine, and  phenylalanine.  Significant
differences were seen in the patients with III
stage, as compared with the control group, in
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lysine, ornithine, aspartic acid, glutamic acid,
glycine, cysteine, leucine, tyrosine, and
phenylalanine content (Table I).

Free amino acids serve as a substrate for
protein synthesis, glyconeogenesis, urea genesis
and other anabolic processes. Accordingly, it is
logical to suppose, as has been demonstrated,
that in cancer and other diseases involving an
imbalance in this metabolic order, alterations
take place in serum levels of amino acids [13].

After it was learnt that the presence of a
tumor resulted in increased protein metabolism,
studies were undertaken on variations in serum
levels of amino acids as possible indicators of
the influence of the tumor on the host proteins,
as well as which amino acids preferably require a
neoplasm for protein synthesis. In our study, we
found that in patients with oral cancer, the
baseline serum levels of a series of amino acids
were significantly different when compared with
a healthy control group. Thus, the presence of a
tumor may have a decisive influence on its
general metabolism, and more specifically on its
protein metabolism, which would affect the
serum concentration of amino acids, which
usually constitute about 0.5% of the whole pool
of amino acids in a person weighting 70 kg [13].

Many recent studies have tried to find out
whether cancer-specific amino acid exists.
Alanine and glycine have been demonstrated to
be released from Walker carcinoma 256 and
glycine from hepatoma 7777 cells [14].
Glutamine has been declared to be an important
respiratory fuel in breast cancers [15, 16] and
prostate cancers [17]. However, the role of
cancer-specific amino acid remains to be
clarified.
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Table 1.
Baseline serum levels of amino acids in patients with oral cancer
and healthy subjects and intergroup comparisons
Amino acid Healthy subjects Oral cancer Oral cancer
II stage III stage
Lysine 14,93+1,14 19,63+1,87 18,50+0,89"
Histidine 7,124+0,50 7,55+0,64 7,78+0,62
Arginine 6,75+0,63 8,72+1,63 7,28+0,87
Ornithine 5,42+0,43 11,32+1,517 10,50+0,53"
Aspartic acid 0,76+0,08 2,63+0,4277 2,3740,25
Threonine 10,12+0,92 12,39+1,05 10,45+0,69
Serine 8,86+0,89 11,991,157 9,82+0,86
Glutamic acid 4,61+0,40 11,32£1,36" 10,97+1,59"
Proline 15,92+1,51 16,94+2,18 18,33+2,96
Glycine 19,76:+1,47 26,05+3,42 27,92+3,23"
Alanine 37,27+3,52 43,37+4,07 42,63+5,97
Cysteine 6,83+0,66 10,891,61" 10,491,327
Valine 16,96+1,24 18,58+1,20 19,77+1,69
Methionine 2,64+0,25 2,36+0,26 3,04+0,60
Isoleucine 5,46+0,40 6,11+0,69 6,74+1,12
Leucine 8,84+0,86 12,14+0,79" 12,69+1,017
Tyrosine 8,45+0,53 5,7240,80 6,27+0,89"
Phenylalanine 4,19+0,23 6,40+0,437" 6,78+0,197""
Glutamine 58,28+5,69 48,17+5,11 44,40+7,47

Significant at t-test:* - p<0,05; ** - p<0,02; *** - p<0,01; **** - p<0,001

In our study, we also found increased
levels of arginine, threonine, alanine (with
tendency to increase) and significant increasing
of ornithine and glycine (only for the III stage).
Glutamine levels have tendency to decreasing. It
also consistent with Kubota et al. [18] who was
found increased levels of alanine, arginine and
threonine in breast cancer, alanine in female G-I
cancer, and ornithine in female head and neck
cancer patients.

Also it is well known that cancer growth
requires glutamine, glycine and aspartate for
purine and pyrimidine synthesis, and serine for
membrane lipid component synthesis in addition

to essential amino acids. Demand for certain
amino acids may lead to a gradual loss of muscle
mass, which causes the protein turnover in
tissues [19] and results in a lower availability of
amino acids, especially essential ones. In our
series we also detect increasing ratio of those
amino acids. As well as Cascino [20] we found a
significant increase in glutamic acid compared
with controls, suggesting that in this type of
tumor may exist a situation of
hypercatabolism preceding the cachexia.
Redistribution  or

certain

translocation  of
peripheral protein is an essential feature of
amino acid metabolism in cancer patients [21].
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Cancer patients without weight loss have a
threefold higher rate; while with weight loss
have a lower rate of hepatic protein synthesis
when compared to non-cancer patients. It has,
therefore, been suggested that both malignancy
and nutritional status can affect on the rate of
essential amino acids in patients with oral
cancer.

Moreover in our study, we found changes
in tyrosine and phenylalanine content. The

conversion of phenylalanine into tyrosine
involves irreversible oxidation by cytosolic
phenylalanine hydroxylase with

tetrahydropteridine as the immediate electron

donor. The hydroxylation of phenylalanine
represents the principal pathway for its
catabolism, and during periods of dietary

tyrosine deprivation provides adequate quantities
of tyrosine to nitrogen equilibrium in man. Such
a close interaction between a dietary
indispensible amino acid and a semi-
indispensible one suggests that the kinetics for
the two amino acids would be strikingly different
from those for other indispensible amino acids.
First, because a component of tyrosine
appearance is an irreversible step in the
oxidation of phenylalanine, a greater fraction of
tyrosine appearance 1is presumed to be
catabolized than would be expected with an
indispensible amino acid. Secondly, the
proportion of phenylalanine appearance that
would be oxidized entirely to CO, is also
expected to be considerably less than with other
dietary indispensible amino acids, since the
principal fate of its oxidative metabolite, tyrosine
is not further degradation but incorporation into
whole body protein [22].

Another important finding is the
significantly high level of cysteine. It is well
known that changes of cysteine level are
associated with oxidative damage and metabolic
disorders, which may lead to carcinogenesis. A
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tissue level of cysteine is maintained at low level
by tight regulation. Cysteine level may be
elevated with the accumulation of homocysteine
or when its catabolism is impaired due to low
cysteine dioxygenase. Moreover cysteine has
been considered to possess antioxidant properties
through its rate-limiting role in biosynthesis of
glutathione, the intracellular antioxidant and
detoxifying agent. However, recent evidence
from in vivo and in vitro studies have suggested
that cysteine may act as a pro-oxidant agent that
causes DNA oxidative damage as a result of the
overproduction of free radicals and hydrogen
peroxide, leading to gene mutation and
subsequent cancer development [23].

Cancer cells are hypermutable [24] and
may result in amino acid changes in certain
protein sequences. Thus, the PFAA profile is
considered valuable for diagnosis and for
nutritional care in cancer patients. A large
number of biological markers for cancers have
been reported, including tumor-associated
antigens, ectopic hormones, and
metabolic changes. Although certain cancers
may metabolically differ from one another, they
can induce similar derangements of the protein

enzymes,

metabolism in the host [25]. The changes of
protein metabolism, as reflected in the PFAA
profiles, may be used as an additional tool for
diagnosing cancer. The possibility of developing
a cancer should be taken into consideration in a
patient who shows abnormal PFAA levels.
Meanwhile, the changes of either individual or
group amino acids can be useful for the
diagnosis of a specific cancer.

Summary and conclusion
Many reports have focused on the potential
use of the PFAA profile as a tumor marker.
These studies suggest that the metabolic
alterations of various cancers can determine their
own distinctive PFAA profiles. The results also
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cancer diagnosis is relatively high, but the to define more precisely the deficit or excess of
specificity is low. This all suggests that further amino acids in this type of cancer.
studies are required, with neoplasm in early
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PLASMA FREE AMINO ACID PROFILE IN PATIENTS WITH ORAL CANCER

1. B. Burlaka, N. V. Gryn’, S. V. Verevka (Kiev, Ukraine)

Metabolic changes in patients with cancer lead to alterations in their amino-acid balances.
Thus, amino acid profiles may be useful as biomarkers of cancers. This study was conducted to
analyze amino-acid profiles in plasma in order to elucidate differences between cancer patients and
controls. We analyzed the baseline serum levels of 19 amino acids in 15 patients with Il and 11l stages
of oral cancer with no metabolic alterations or other concomitant disorders and compared the results
with a control group. Compared with the control group, patients with oral cancer had significant
differences in lysine, ornithine, aspartic acid, serine, glycine, glutamic acid, cysteine, leucine,
tyrosine, and phenylalanine. This study revealed significant differences in plasma amino acid profiles
between cancer patients and controls. The development of a cancer alters plasma amino-acid profiles
and the pattern of change differs between different stages of oral cancer. Plasma amino-acid profiling
might therefore be useful for the early detection of cancer.

Keywords: amino acid profiles, plasma, screening, cancer.

REFERENCES

1. Luc A. Plasma Amino Acid Levels With a Note on Membrane Transport: Characteristics,
Regulation, and Metabolic Significance // Nutrition. 2002. Vol. 18, p. 761-766.

2. Sauer L.A., Dauchy R.T. Pathways of energy metabolism in cancer. In: Watson RR, Mufti SI,
editors. Nutrition and cancer prevention. Florida: CRC press; 1996. p. 128-36.

3. Kern K.A., Norton J.A. Cancer cachexia // JPEN. 1988. Vol. 12, P. 286-298.

4. Masiar P.J., Medekova E. The role of serine and glutamine in the metabolism of malignant bone
tumors and their significance in the diagnosis and prognosis of bone tumors // Neoplasm. 2002.
Vol. 35, P. 197-206.

5. Watanabe A., Higashi T., Sakata T., Nagashima H. Serum amino acid levels in patients with
hepatocelular carcinoma // Cancer. 1984. Vol. 54, P. 1875-1882.

6. Russell D.M., Shike M., Anderson G.H. Amino acid metabolism in small cell lung cancer // J.
Parenter Enteral Nutr. 1981. Vol. 6, P. 592.

7. Cascino A., Muscaritoli M., Cangiano C., et al. Plasma amin oacid imbalance in patients with
lung and breast cancer // Anticancer Res. 1995. Vol. 15, P. 507-510

8. Ching N., Grossi C., Jham C. Plasma amino acid deficits and the effect of nutritional support in
chemotherapy treatment // Surgery. 1984. Vol. 95, P. 730-737.

9. Tayek J.A., Sutter L., Manglik S., Lillington L.B., Grosvenor M., Chlebowski R. T. Altered
metabolism and mortality in patients with colon cancer receiving chemotherapy // Am. J. Med.
Sci. 1995. Vol. 310, P. 48-55.

10. Nechiporenko N.A., Nefedov L.I., Klimovich I.I. The free amino acid content of the blood serum
in bladder cancer patients // Urol. Nephrol. 1990. Vol. 5, P. 17-20.

© 2011-2013 BectHuk HIMY Bce npaBa 3awmLyeHbl

30



INEKTPOHHbIV }KypHan «BecTHMK HoBOCMBUMPCKOro rocy4apcTBEHHOIO NeAarorMyeckoro yHMBepcuTeTa»

5(15) 2013 www.vestnik.nspu.ru ISSN 2226-3365

11. Elling D., Bader K., Schicke B. Free serum amino acids in patients with tumors of different sites -
tumor induced imbalances // Centrally Gynecol. 1987. Vol. 109, P. 1023-1032.

12. Kuzer M., Janizewski J., Meguid M.M. Amino acid profiles in tumor-bearing and pair-fed
nontumor-bearing malnourished rats. // Cancer. 1988. Vol. 62, P. 30-34.

13. Cobo Dols M., Dominguez Lépez M., Ramirez Plaza C., Pérez Miranda E., Gil Calle S. et al.
Specific alterations in the serum amino acid profile of patients with lung cancer and head and
neck cancer // Oncologia. 2006. Vol. 29 (7), P. 283-290.

14. Hong-Shiee Lai, Jenq-Chang Lee, Po-Huang Lee, Shan-Tair Wang, Wei-Jao Che. Plasma free
amino acid profile in cancer patients // Seminars in Cancer Biology. 2005. Vol. 15, P. 267-276.

15. Johnson A.T., Kaufmann Y.C., Luo S., Todorova V., Klimberg V.S. Effect of glutamine on
glutathione, IGF-I, and TGF-beta 1 // J. Surg. Res. 2003. Vol. 111, P. 222-228.

16. Kaufmann Y., Luo S., Johnson A., Babb K., Klimberg V. S. Timing of oral glutamine on
DMBA-induced tumorigenesis // J. Surg. Res. 2003. Vol. 111, P.158-165.

17. Lamb D.J., Puxeddu E., Malik N., Stenoien D. L., Nigam R., Saleh G. Y., et al. Molecular
analysis of the androgen receptor in ten prostate cancer specimens obtained before and after
androgen ablation // J. Androl. 2003. Vol. 24, P. 215-225.

18. Kubota A., Meguid M. M., Hitch D. C. Amino acid profiles correlate diagnostically with organ
site in three kinds of malignant tumors // Cancer. 1992. Vol. 69, P. 2343-2348.

19. Proenza A.M., Oliver J., Palou A., Roca P. Breast and lung cancer are associated with a decrease
in blood cell amino acid content // J. Nutr. Biochem. 2003. Vol. 14, P. 133-138.

20. Cascino A., Muscaritoli M., Cangiano C., et al. Plasma amino acid imbalance in patients with
lung and breast cancer // Anticancer Res. 1995. Vol. 15, P. 507-510.

21. Pisters P. W., Pearlstone D. B. Protein and amino acid metabolism in cancer cachexia:
investigative techniques and therapeutic interventions // Crit. Rev. Clin. Lab. Sci. 1993. Vol. 30,
P.223-272.

22. Cascino A., Muscaritoli M., Cangiano C., Conversano L., Laviano A., Ariemma S., et al.
Plasma amino acid imbalance in patients with lung and breast cancer // Anticancer Res. 1995.
Vol. 15, P. 507-510.

23. Georgiannos S. N., Weston P. M., Goode A. W. Correlation between albuminuria and positively
charged amino acids in gastrointestinal cancer // Int. Surg. 1995. Vol. 80, P. 49-52.

23. Strauss B. S. Hypermutability and silent mutations in human carcinogenesis // Semin. Cancer
Biol. 1998. Vol. 8, P. 431-438.

24. Lorite M. J., Cariuk P., Tisdale M. J. Induction of muscle protein degradation by a tumour

factor // Br. J. Cancer. 1997. Vol. 76, P. 1035-1040.

Burlaka Iuliya Borisovna — the scientific worker of laboratory of biochemistry Academy of Medical
Sciences of Ukraine prof. O. S. Kolomiychenko Institute of Otolaryngology.

E-mail: rus@jipc.tsc.ru

Gryn’ Natalia Viktorovna — the scientific worker of laboratory of biochemistry, Academy of
Medical Sciences of Ukraine prof. O. S. Kolomiychenko Institute of Otolaryngology.

E-mail: naviza@rambler.ru

Verevka Sergey Viktorovich — Dr.Sci.Biol., the head of Biochemistry department, Academy of
Medical Sciences of Ukraine prof. O. S. Kolomiychenko Institute of Otolaryngology.

E-mail: sks-4072@mail.ru

© 2011-2013 BectHuk HIMY Bce npaBa 3awmLyeHbl

31



