
Central European Journal of Immunology 2010; 35(2)84

Clinical immunology

Programmed lymphocytes death in pancreatic
cancer patients

SYLWIA KÊDZIORA1, ROBERT SŁOTWIÑSKI1,2, WALDEMAR L. OLSZEWSKI2, 
MACIEJ SŁODKOWSKI3, GUSTAW LECH3, MARZANNA ZALESKA2, ANNA WŁUKA2, 
ANNA DOMASZEWSKA2, IRENEUSZ W. KRASNODÊBSKI3

1Department of Immunology and Nutrition, Medical University of Warsaw, Poland
2Department of Surgical Research and Transplantology, Medical Research Center, Polish Academy of Sciences, Poland
3Department of General, Gastroenterological and Oncological Surgery, Medical University of Warsaw, Poland

Correspondence: Sylwia Kêdziora, Department of Immunology and Nutrition, Medical University of Warsaw, Pawiñskiego 3, 02-106 Warsaw,
Poland, phone number: +48 22 572 02 47, fax: +48 22 572 02 46: e-mail: sylwia.kedziora@wum.edu.pl

Introduction
The combined burden of upper gastrointestinal cancer

ranked second among the causes of death from cancer in
men and third among women [1]. Survival rates for pan-
creatic cancer are generally low with rapid metastasis and
poor prospects for cure. It is estimated that approx 90% of
patients die within a year of diagnosis [2]. Ductal pancre-
atic adenocarcinoma, the most frequent malignancy of the
pancreas, is characterized by retroperitoneal and perineur-
al infiltration, early formation of multiple metastases, and
resistance to most of the treatment regimen currently avail-
able [3-5]. Surgical resection, the patient’s only hope for
cure, offers a significantly improved prognosis, with a medi-
an survival after resection of 14-20 months and up to 25%
5-year survival rates [5-7]. The mortality in early postop-
erative period decreased significantly in the last decade
down to 1,3-7%, but the level of morbidity is still very high
amounting up to 70% [8-12]. The persistent high morbid-
ity rates have remained an important concern for patients,
healthcare providers, and payers. 

There are a lot of examples of strong evidences for
immunosuppression in pancreatic cancer [13-15], which
contribute to postoperative complications and increased
morbidity. One of process especially important for the prop-
er functioning of the immune system is apoptosis. The
apoptosis or programmed cell death is a central regulator
of tissue homeostasis that stimulates the elimination of
redundant, damaged or infected cells. The apoptosis plays
a critical role in the formation of organs, limbs and other
body structures, and in maintaining the function of most of
the systems in an adult body. Therefore, a dysregulation of
the apoptotic signaling processes often leads to serious con-
sequences, such as neurodegenerative diseases, cancer or
autoimmunity [16-19]. It is generally accepted that there
are two major pathways of apoptotic cell death induction:
extrinsic signaling through death receptors that leads to the
formation of the death-inducing signaling complex (DISC),
and intrinsic signaling mainly through mitochondria which
leads to the formation of the apoptosome (Fig. 1).
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To evaluate the status of immune cell apoptosis we
investigated expression of some proteins connected with
programmed lymphocytes death in the peripheral blood of
pancreatic cancer patients in comparison with healthy con-
trols.

Materials and methods

Patients

In our study we included 48 patients diagnosed as hav-
ing pancreatic cancer. We excluded patients over 75,
patients with metastasis, the ones suffering from chronic
liver or kidneys diseases and diabetes. The mean age was
62,8 years ranging from 45 to 75 years. Of the 48 patients,

25 were male and 23 were female. Patients were classified
according to UICC (TNM classification of malignant
tumours) – 3 patients were classified stage I, 28 patients
were at stage II and 17 patients were at stage III. In 11
patients, palliative operations were performed due to irre-
sectability of the tumor. In all patients, the diagnosis of ade-
nocarcinoma of the pancreas was confirmed by histologi-
cal examination. In all patients, 10 ml of heparinized blood
was collected after hospital admission. The control group
comprised 30 healthy volunteers (14 were male and 16 were
female).

Isolation of lymphocyte

10 ml of peripheral blood from patients was collected
into the tubes with heparin. Then lymphocytes were iso-

Fig. 1. Schematic diagram of apoptosis. A. Extrinsic apoptotic signaling pathway – Binding of TNF-α to receptor TNFR1 allows
binding of an intracellular adapter molecule TRADD and FADD and create complex called DISC. Recruitment of pro-caspase
8, activation caspase 8 and activation caspase 3 what is an initiation of apoptosis. B. Intrinsic apoptotic signaling pathway
(through mitochondria) – Interaction between pro- (Bax) and antiapoptotic (Bcl-2) proteins leads to the formation of pores in
the mitochondria and the release of cytochrome c. Cytochrome c interacts with a protein Apaf-1 wchich leads to the recruitment
of caspase 9 into a multiprotein complex called apoptosome and activation of caspase 3 what initiate apoptosis. C. Cleavage of
PARP-1 by caspase 3 – Activation of caspase 3 leads to cleavage of an important DNA repair enzyme PARP-1 
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Abbreviations: TNF-α – tumor necrosis factor; TNFR1 – TNF receptor-1; TRADD – TNFR-associated death domain; FADD – Fas-associated protein with death
domain; DISC – death-inducing signaling complex; Bax – Bcl-2-associated X protein (pro apoptotic protein); Bcl-2 – anti apoptotic protein from Bcl-2 protein’s
family; Apaf-1 – apoptotic peptidase activating factor 1; PARP-1 – poly (ADP-ribose) polymerase 1
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lated by density gradient centrifugation using Lymphoprep
(Axis-Shield, Oslo, Norway) according to manufacturer’s
instruction [20]. Isolated lymphocytes were suspended in
PBS (phosphate-buffered saline).

Western blotting

Lymphocytes suspended in PBS (phosphate-buffered
saline) were mixed with equal amount of Laemmli sample
buffer with 0,5% β-mercaptoethanol (Biorad, California,
USA) and boiled for 5 min. 50 μg of cell lysate was
resolved by using 12% SDS-PAGE (Amersham Bioscience,
Buckinghamshire, UK) and transferred onto polyvinylidene
difluoride membranes (Porablot PVDF–PVDF membrane,
Macherey-Nagel, Düren, Germany) by using TRANS-
BLOT SD, SEMI DRY TRANSFER CELL (Biorad, Cali-
fornia, USA). As a marker of protein size Novex Sharp Pro-
tein Standard (Invitrogen, Carlsbad, California, USA) was
used. The membranes were saturated with 1% blocking
solution (Western Blocking Reagent, Solution, Roche,
Basel, Switzerland) for 2 h at RT (room temperature) and
probed with specific Ab (diluted in 0,5% blocking solution
1 : 500) to Bcl-2 (sc-783, rabbit polyclonal), Bax (sc-526,
rabbit polyclonal), PARP-1 (sc-1561, goat polyclonal), Cas3
(sc-7148, rabbit polyclonal), Cas9 (sc-7885, rabbit poly-
clonal), TNFR1 (sc-1068, goat polyclonal) and GAPDH
(sc-25778, rabbit polyclonal) (as an internal control) (San-
ta Cruz Biotechnology, Santa Cruz, USA) for 1.5 h at RT
(room temperature). The step was followed by washing with
TBS-T (Tris Buffered Saline containing 0,01% Tween-20)
for 2 × 10 min and TBS for 2 × 10 min at RT (room tem-
perature). Then membranes were probed with secondary
Ab conjugated with alkaline phosphatase (goat anti-rabbit
AP sc-2034 or bovine anti-goat AP sc-2381, Santa Cruz
Biotechnology, Santa Cruz, USA) diluted in 0,5% block-

ing solution 1 : 5000 for 1 h at RT (room temperature). The
step was followed by washing with TBS-T (Tris Buffered
Saline containing 0,01% Tween-20) for 2 × 10 min and
TBS for 2 × 10 min at RT (room temperature). Protein-anti-
body binding was detected by using Alkaline Phosphatase
Conjugate Substate Kit (Biorad, California, USA).

Statistical analysis 

Statistical analysis was performed using the Statsoft
Statistica v.7.0 program. To evaluate the statistical signifi-
cance in apoptotic proteins expressions between group with
pancreatic cancer and control group Wilcoxon signed-rank
test with Bonferronie’s correction was used. Significance
was set at p < 0.05. 

Results
The expression of proteins involved in programmed

lymphocytes death is altered in pancreatic cancer patients
as compared to the healthy control. The expression of pro-
teins Bcl-2, Bax and PARP-1 is significantly lower in pan-
creatic cancer patients as compared to the healthy control
group (respectively: p = 0,02, p < 0,01, p < 0,01) (Fig. 2).
On the other hand the expression of TNFR1, caspase 3 and
caspase 9 in pancreatic cancer patients as compared with
the control group was significantly higher (respectively: 
p = 0,01, p < 0,01, p < 0,01) (Fig. 3). In the control group
the expression of caspase 3, caspase 9 and TNFR1 was not
detected (Fig. 3). The analysis of differences in the expres-
sion of proteins inside the group of patient with pancreat-
ic cancer shows a considerably higher expression of Bcl-2
and caspase 3 as compared with the expression of PARP-1,
TNFR1. 
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Fig. 2. Expression of Bcl-2, Bax and PARP-1 in peripheral
blood lymphocytes in pancreatic cancer patients in compari-
son with healthy controls 
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Fig. 3. Expression of Cas3, Cas9 and TNFR1 in peripheral
blood lymphocytes in pancreatic cancer patients in compari-
son with healthy controls 
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Discussion
Our results show a significantly lower expression of

Bcl-2, Bax and PARP-1 and a significantly higher expres-
sion of caspase 3, 9 and TNFR1 in the lymphocytes of
patients with pancreatic cancer as compared to the healthy
control, which corresponds to the underexpression of anti-
apoptotic proteins and the overexpression of proapoptotic
proteins. These alterations revealed the down-regulation of
antiapoptotic signaling system in the lymphocytes of
patients with pancreatic cancer and switch to apoptosis.

While apoptosis is an essential biological process for
normal development and maintenance of tissue homeosta-
sis, it is also involved in a number of pathological condi-
tions including tissue injury, degenerative diseases, immune
diseases and cancer [21]. Whether activated by membrane-
bound death receptors [22] or by stress-induced mitochon-
drial perturbation with a subsequent cytochrome c release
[23], the activation of downstream caspases leads to step-
wise cellular destruction by disrupting the cytoskeleton,
shutting down DNA replication and repair, degrading chro-
mosomal DNA, and, finally, disintegrating the cell into
apoptotic bodies [24]. The several mechanisms of activa-
tion of apoptosis in different physiological or pathological
conditions in cells have been proposed and studied inten-
sively [25]. Numerous factors, such as cytosolic cyt c
release, caspase 3 activation, and the expression of Bcl-2
family proteins have been suggested to play an essential
role in the apoptotic process.

The Bcl-2 family proteins are important players in apop-
tosis and the interactions between the antiapoptotic mem-
bers like Bcl-2 protein and pro-apoptotic members like Bax
protein provide a mechanistic basis in modulating the apop-
totic cell death [26, 27]. Bcl-2 directly or indirectly prevents
the release of cytochrome c from mitochondria in a variety
of tissues [28]. The Bax protein is pro-apoptotic member of
the Bcl-2 family that resides in the cytosol and translocates
to mitochondria upon induction of apoptosis [29]. 

The lymphocytes found in the peripheral blood of
patients with laryngeal carcinoma showed an increased lev-
el of Bcl-2 protein expression in both subpopulations, as
well as helper (CD4) and cytotoxic (CD8) of human T cells
[30]. In addition, the freshly isolated and aged lymphocytes
express a high amount of bcl-2 (the aged cells more than
freshly isolated ones) [31]. In peripheral lymphocytes tak-
en from multiple sclerosis patients there is a significant
reduction in the expression ratios of pro-apoptotic to anti-
apoptotic Bcl-2 members as compared with the correspon-
ding ratios found in healthy individuals [32]. Also the Bax
levels were lower in the cytosolic fraction in euthymic,
depressed and manic bipolar patients [33]. However there
are some data that shown the expression of Bcl-2 and Bax
proteins in the peripheral blood lymphocytes in pancreatic
cancer patients. We observed decreased expression of these
proteins as compared with the healthy controls, which may

suggest a decreased expression of Bcl-2 family proteins in
the peripheral blood lymphocytes of pancreatic cancer
patients.

The extrinsic pathway of apoptosis can be induced
through the members of the TNF/TNFR superfamily such
as for example: receptor 1 for TNF-α (TNFR1) [34]. Our
finding demonstrate a high expression of TNFR1 in the lym-
phocytes of patients with pancreatic cancer what suggest-
ing an increased level of apoptosis of peripheral blood lym-
phocytes in patients with pancreatic cancer by the extrinsic
pathway. Other studies have shown a high level of TNFR1
in the lymphocytes of patients after heart transplants [35]
and HIV infected patients [36]. Interestingly, no expression
of TNFR1 in lymphocytes of the control group was
observed. It shows that it is not the TNFR1 that starts a phys-
iological apoptosis of lymphocytes in healthy people.

The central component of apoptosis is a family of cas-
pases. Caspases initiate and execute cell death by inacti-
vating anti-apoptotic proteins, shutting down DNA repli-
cation and repair [37], reorganizing the cytoskeleton [38]
and disrupting the nuclear lamina [39]. There are some data
that show an overexpression of caspase 3 and caspase 9 in
patients with type 1 diabetes mellitus [40], HIV infected
[41], the ones suffering from Alzheimer’s disease [42],
patients in septic shock [43] and gastric cancer patients [44].
Similarly to these results our observations show an
increased expression of caspase 3 and caspase 9 in periph-
eral blood lymphocytes. Similarly as TNFR1 there was not
observed expression of caspases in control group. 

The caspase 3 is also responsible for the proteolytic
cleavage of nuclear enzyme poly-(ADP-ribose) (PARP), 
a polymerase that catalyzes the addition of ADP-ribose
units to DNA. This affects many different cellular process-
es as diverse as transcription, DNA replication, differenti-
ation, gene regulation, protein degradation and spindle
maintenance. This molecule has been found a potential tar-
get for the development of pharmacological strategies to
increase the antitumor efficacy of chemotherapeutic agents
that induce DNA damage in cancer cells [45]. However, in
the lymphocytes there is a desirable high expression of
PARP-1 to prevent from breaking down DNA. Our study
shown a decreased expression of PARP-1 as compared with
the healthy control group, which suggests damage to DNA
in the lymphocytes of pancreatic cancer patients. Rajaee-
Behbahari et al. [46] have obtained similar results, but in
this particular case the patients suffered from laryngeal can-
cer. The peripheral blood lymphocytes showed significantly
lower levels of poly(ADP-ribose) formation as compared
with those found in healthy controls [46]. These data show
that the lymphocytes of cancer patients show a lower
expression of PARP-1, which may indicate a higher level
of DNA damaged.

Our results show a decreased expression of antiapop-
totic proteins and an overexpression of proapoptotic pro-
teins in the lymphocytes of patients with pancreatic cancer
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as compared with the healthy control. These alterations
revealed the down-regulation of antiapoptotic signaling sys-
tem in the lymphocytes of patients with pancreatic cancer
and a switch to apoptosis. It suggests that patients with pan-
creatic cancer may show an increased number of lympho-
cytes dysfunction and consequently, higher immune sys-
tem suppression. Then, it can lead to a greater number of
infectious complications, organ failure and a higher level
of death rate, specially after pancreatic resection. One of
the possible explanation of inappropriate changes in the
apoptotic proteins in lymphocytes of patients with pancre-
atic cancer is that these patients are mostly malnourished.
The frequency of malnutrition in patients with pancreatic
cancer ranges from 80 to 85% [47]. This is the malnutri-
tion that except for reduced skeletal, cardiac and respirato-
ry muscle function, poor wound healing and loss of non-
fat body mass causes an impairment of immune functions
as a response to undernutrition of immune cells [48]. To
improve a nutritional status of immune cells it may be
required to introduce immune-enhancing diets. It may lead
to some changes in the expression of apoptotic proteins and
perhaps a decrease or even an elimination of the differences
in the expression of these proteins between patients with
pancreatic cancer and healthy people.

In conclusion, our studies show a down-regulation of
antiapoptotic signaling system in the lymphocytes of
patients with pancreatic cancer and a switch to apoptosis
as compared with healthy people. These alterations may
lead to lymphocytes dysfunction and immune system sup-
pression. This problem can be resolved by introducing
immune-enhancing diets in patients with pancreatic cancer.
Further research needs to be undertaken to examine this
issue. 

Acknowledgements
This work was supported by Projects No 2 PO5B 059

28 and 3068B P01 founded by Ministry of Science and
Higher Education.

References
1. Annual Reports on Vital Statistics 1951-2002. Government

Publications Office, Dublin, 2005.
2. Cancer Services in Ireland: A National strategy. Government

Publications Office, Dublin 2005.
3. Conlon KC, Klimstra DS, Brennan MF (1996): Long-term

survival after curative resection for pancrearic ductal
adenocarcinoma. Clinicopathologic analysis of 5-year
survivors. Ann Surg 233: 273-279.

4. Schafer M, Mullhaupt B, Clavien PA (2002): Evidence-based
pancreatic head resection for pancreatic cancer and chronic
pancreatitis. Ann Surg 236: 137-148.

5. Trede M, Richter A., Wendl K (2001): Personal observations,
opinions, and approaches to cancer of the pancreas and the
periampullary area. Surg Clin North Am 81: 595-610.

6. Carpelan-Holmstrom M, Nordiing S, Pukkala E et al. (2005):
Does anyone survive pancreatic ductal adenocarcinoma? 
A nationwide study re-evaluating the data of the Finnish
Cancer Registry. Gut 54: 385-387.

7. Wagner M, Redaelli C, Lietz M et al. (2004): Curative
resection in the single most important factor determining
outcome in patients with pancreatic adenocarcinoma. Br J Surg
91: 586-594.

8. Buchler MW, Wagner M, Schmidt BM et al. (2003): Changes
in morbidity after pancreatic resection: toward the end of
completion pancreatectomy. Arch Surg 138: 1310-1314.

9. Capussotti L, Massucco P, Ribero D et al. (2003): Extended
lymphadenectomy and vein resection for pancreatic head
cancer: outcomes and implications for therapy. Arch Surg 138:
1316-1322.

10. Richter A, Niedergethmann M, Sturm JW et al. (2003): Long-
term results of partial pancreatoduodenectomy for ductal
adenocarcinoma of the pancreatic head: 25-year experience.
World J Surg 27: 324-329. 

11. Seiler CA, Wagner M, Bachmann T et al. (2005): Randomized
clinical trial of pylorus-preserving duodenopancre-
atoduodenectomy versus classical Whipple resection – long
term results. Br J Surg 92: 547-556.

12. Tran KT, Smeek HG, van Eijck CH et al. (2004): Pylorus
preserving pancreatoduodenectomy versus standard Whipple
procedure: a prospective, randomized, multicenter analysis of
170 patients with pancreaticand periampullary tumors. Ann
Surg 240: 738-745.

13. von Bernstorff W, Voss M, Freichel S et al. (2001): Systemic
and local immunosuppression in pancreatic cancer patients.
Clin Cancer Res 7: 925-932.

14. Poch B, Lotspeich E, Ramadani M et al. (2007): Systemic
immune dysfunction in pancreatic cancer patients.
Langenbecks Arch Surg 392: 353-358.

15. Greco E, Fogar P, Mazzon C et al. (2007): Pancreatic cancer
pulls down lymphocyte migration. JOP 8: 685-686.

16. Igney FH, Krammer PH (2002): Death and anti-death:
Tumourresistance to apoptosis. Nature Rev Cancer 2: 277-288.

17. Ekshyyan O, Aw TY (2004): Apoptosis: a key in
neurodegenerative disorders. Curr Neurovasc Res 1: 355-371.

18. Vermeulen K, van Bocksteale DR, Berneman ZN (2005):
Apoptosis: mechanisms and relevance in cancer. Ann Hematol
84: 627-639.

19. Mahoney JA, Rosen A (2005): Apoptosis and autoimmunity.
Curr Opin Immunol 17: 581-588.

20. Boyum A (1968): Separation of leucocytes from blood and
bone marrow. Scand J Clin Lab Incest 21, Suppl. 97.

21. Lowe SW, Lin AW (2000): Apoptosis in cancer.
Carcinogenesis 21: 485-495.

22. Walczak H, Krammer PH (2000): The CD95 (APO-1/Fas) and
the TRAIL (APO-2L) apoptosis systems. Experimental Cell
Res 256: 58-66.

23. Loeffler M, Kroemer G (2000): The mitochondrion in cell
death control: certainties and incognita. Experimental Cell Res
256: 19-26.

24. Nagata S (2000): Apoptotic DNA fragmentation. Experimental
Cell Res 256: 12-18.

25. Vaux DL, Korsmeyer SJ (1999): Cell death in development.
Cell 96: 245-254.

26. Wei MC, Zong W-X, Cheng EH-Y et al. (2001): Proapoptotic
BAX and BAK: a requisite gateway to mitochondrial
dysfunction and death. Science 292: 727-730.

Sylwia Kêdziora et al.



Central European Journal of Immunology 2010; 35(2) 89

27. Marzo I, Perez-Galan P, Giraldo P et al. (2001): Cladribine
induces apoptosis in human leukaemia cells by caspase-
dependent and -independent pathways acting on mitochondria.
Biochem J 59: 537-546.

28. Green DR, Reed JC (1998): Mitochondria and apoptosis.
Science 281: 1322-1326.

29. Hsu YT, Wolter KG, Youle RJ (1997): Cytosol-to-membrane
redistribution of Bax and Bclxl during apoptosis. Proc Natl
Acad Sci U S A 94: 3668-3672.

30. Klatka J, Rolinski J, Kupisz K et al. (1999): Expression of bcl-
2 protein in lymphocytes of patients with laryngeal carcinoma.
Eur Arch Otorhinolaryngol 256: 299-302.

31. Tenuzzo B, Vergallo C, Dini L (2009): Effect of 6mT static
magnetic field on the bcl-2, bax, p53 and hsp70 expression in
freshly isolated and in vitro aged human lymphocytes. Tissue
Cell 41: 169-179.

32. Sharief MK, Douglas M, Noori M, Semra YK. The expression
of pro- and anti-apoptosis Bcl-2 family proteins in lymphocytes
from patients with multiple sclerosis. J Neuroimmunol 2002;
125:155-162.

33. Bei E, Salpeas V, Pappa D (2009): Phosphorylation status of
glucocorticoid receptor, heat shock protein 70, cytochrome c
and Bax in lymphocytes of euthymic, depressed and manic
bipolar patients. Psychoneuroendocrinology 34: 1162-1175.

34. Locksley RM, Killeen N, Lenardo MJ (2001): The TNF and
TNF Receptor Superfamilies: Integrating Mammalian Biology.
Cell 104: 487-501.

35. Ankersmit HJ, Moser B, Zuckermann A et al. (2002):
Activation-induced T cell death, and aberrant T cell activation
via TNFR1 and CD95-CD95 ligand pathway in stable cardiac
transplant recipients. Clin Exp Immunol 128: 175-180.

36. de Oliveira Pinto LM, Garcia S, Lecoeur H et al. (2002):
Increased sensitivity of T lymphocytes to tumor necrosis factor
receptor 1 (TNFR1) – and TNFR2-mediated apoptosis in HIV
infection: relation to expression of Bcl-2 and active caspase-
8 and caspase-3. Blood 99: 1666-1675.

37. Cryns V, Yuan J (1998): Proteases to die for. Genes Dev 12:
1551-1570.

38. Kothakota S, Azuma T, Reinhard C et al. (1997): Caspase 3 –
generated fragment of gelsolin: effector of morphological
change in apoptosis. Science 278: 294-298.

39. Takahashi A, Alnemri ES, Lazebnik YA et al. (1996): Cleavage
of lamin A by Mch2? but not CPP32: Multiple interleukin 
1-β converting enzyme-related proteases with distinct substrate
recognition properties are active in apoptosis. Proc Natl Acad
Sci USA 93: 8395-8400.

40. Vendrame F, Santangelo C, Misasi R et al. (2005): Defective
lymphocyte caspase-3 expression in type 1 diabetes mellitus.
Eur J Endocrinol 152: 119-125.

41. Zaunders J, Moutouh-De Parceval L, Kitada S et al. (2001):
Apoptosis of CD4+ and CD8+ T lymphocytes in primary HIV-
1 infection is associated with proliferation, increased Bax: Bcl-
2 ratio and caspase activation. Program Abstr 8th Conf
Retrovir Oppor Infect Conf Retrovir Oppor Infect 8th 2001
Chic Ill. 8: 275 (abstract no. 761).

42. Tacconi S, Perri R, Balestrieri E et al. (2004): Increased
caspase activation in peripheral blood mononuclear cells of
patients with Alzheimer’s disease. Exp Neurol 190: 254-262.

43. Takahashi A, Kono K, Amemiya H et al. (2001): Elevated
caspase-3 activity in peripheral blood T cells coexists with
increased degree of T-cell apoptosis and down-regulation of
TCR zeta molecules in patients with gastric cancer. Clin
Cancer Res 7: 74-80.

44. Delogu G, Famularo G, Tellan G et al. (2008): Lymphocyte
apoptosis, caspase activation and inflammatory response in
septic shock. Infection 36: 485-487.

45. Peralta-Leal A, Rodríguez MI, Oliver FJ. (2008): Poly(ADP-
ribose)polymerase-1 (PARP-1) in carcinogenesis: potenstial
role of PARP inhibitors in cancer treatment. Clin Trans Oncol
10: 318-323.

46. Rajaee-Behbahari N, Schmezer P, Ramroth H et al. (2002):
Reduced poly(ADP-ribosyl)ation in lymphocytes of laryngeal
cancer patients: results of a case control study. Int J Cancer 98:
780-784.

47. von Meyenfeldt M (2005): Cancer-associated malnutrition: an
introduction. Eur J Oncol Nurs 9: S35-S38.

48. Ziegler TR, Evans ME, Fernández-Estívariz C, Jones DP.
(2003): Trophic and cytoprotective nutrition for intestinal
adaptation, mucosal repair, and barrier function. Annu Rev
Nutr 23: 229-261.

Programmed lymphocytes death in pancreatic cancer patients


