The effect of Uncaria and Tabebuia extracts on molecular epidemiological biomarkers in the patients with colorectal cancer.
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Abstract
The combined effect of  surgical treatment and consumption of so called “CoDTM tea” (containing Uncaria guianensis, U. tomentosa and Tabebuia avellanedae) on expression of  c-myc, Ha-ras, Bcl-2, Ki-ras and p53 key onco/suppressor genes and the carbohydrate antigen (CA19-9) and carcino-embryonic antigen (CEA) tumour markers in blood samples of patients with colorectal cancer (CRC) were investigated. Expression of genes were able to follow the effect of the surgical treatment combined with neoadjuvant chemotherapeutic treatment, and may predict the outcome of carcinoma. Moreover their expressions were able to show possible additional effect of the supportive therapy, e.g. CoD™ consumption. The antioxidant capacity of blood was also examined. Blood samples were taken at the day of the surgical treatment, and 1 week, 3, 6 months and 1 year later. During such period patients consumed 0.25 litre standard portion of CoD™ tea three times a day. The surgical treatment and neoadjuvant therapy were able to suppress the expression of c-myc, Ha-ras, Bcl-2, Ki-ras, p53 onco/supressor gene up to the twelfths months. Moreover, CoD™ tea together with conventional treatment caused a strong decrease of the expression of c-myc and Ha-ras oncogen in comparison with the non consumer control.

Earlier studies proved that the c-myc, Ha-ras, and  p53 key onco/tumour suppressor gene expressions could be used as reliable biomarkers of certain haematological malignancies, solid tumours (e.g., colorectal cancer (CRC), lung, brain tumours, etc.) and following side effects of cytostatic drug protocols and the exposure of carcinogenic agents, early biological effect in peripheral blood, as well (1, 2). In white blood cell samples of patients with different type of CRC the c- myc, Ha- ras, and p53 onco/supressor gene expression alters compared to healthy control (3). On the other hand Ki-ras and bcl-2 gene expression indicates carcinogen exposure and apoptotic stages in animal experiments. Their overexpression correlates significantly to the environmental pollution (e.g. ethylene oxide exposure) and it is an earlier and more sensitive biomarker as chromosome aberration studies, as demonstrated in animal experiments and in human cases, as well (4, 5).
In the patients treated with chemotherapeutic protocols in 1-2% secondary tumour may develope, which are correlate to the treatment, as side effect (6-8). Németh et al. has reported that Cisplatins (and other chemotherapeutical agents) cause strong oncogene expression elevation compared to the structural analogue transplatin (9, 10).
In previous work in animal experiment in sensitive CBA/Ca (H-2k) mice were found, that different chemotherapeutic protocols were able to increase the onco/suppressor gene expression in vivo (11-13). In earlier exposure of CBA/Ca mice to the carcinogenic dimethylbenz[a]anthracene (DMBA) as a positive control increased expression of above mentioned onco/suppressor genes could be detected (14, 15).
Consumption of CoD™ tea was able to decrease the DMBA induced overexpression of the above mentioned genes, in animal experiment (16). It seems the apoptotic effect of Uncaria extracts is potentially chemopreventive. So in recent study were supposed CoD™ consume to decrease the gene expression of this molecular epidemiological biomarker in CRC patients. May CoD™ be a successful supportive therapy in the treatment of patients in colorectal cancer, after/ together treated with surgical resection and conventional chemotherapy?

As a continuation of previous experiments, the effect of the conventional and supportive therapy (and those plus CoD™ tea) on the expression of c-myc, Ha-ras, Bcl-2, Ki-ras and p53 onco/suppressor key gene from blood samples of patients with CRC were investigated. CA19-9 and CEA tumourmarkers were also examined among these volunteers. CoD™ tea contains Cat's Claw (Uncaria sp. U. tomentosa) and Palmer trumpet-tree (Tabebuia sp. T. avellanedae), from which 17 alkaloid and kinolacid-glycosides, tannins and flavonoides have been identified (16). According to Keplinger et al. the pentacyclic oxindol alkaloides in vitro activate lymphocyte- proliferation regulating factor in endothelial cells (17). Its anti-inflammatory, antimicrobial, and antineoplasic activities are cited in the literature as promoted by saponines, flavonoides, cumarines, and natural antibiotics, such as the lapachol (2-hydroxy-3-(3-methyl-2-butenyl)-1,4-naphthoquinone) and its derivatives encountered on its constituents (18).
In addition to the investigation of molecular epidemiological biomarkers we also investigated the antioxidant capacity of blood samples of the patients.
Materials and Methods
Patients and treatments. In this study were 40 patients with CRC presented. They were operated between 1 January 2006 and 31 December 2006 at the Clinic of Surgery, University of Pécs, Faculty of Medicine. 20 patients were in control group and 20 patients were in CoD™ (D/Eu reg. numb.: PZN Deutschland: 4226037) tea consuming groups. CoD™ consumers took daily 3 times 0.25 liter standard portion of CoD™ tea, right after emission from the hospital. Total pentacyclic oxindol alkaloides (POA) quantity of CoD™ were 0.1-1.12%, as Csapi et al. determined it earlier with HPLC, in Uncaria extracts, available in Hungary (18). Difference between the two groups profile in age, sex, tumour stadium, needing of neoadjuvant therapy and application of ileostoma on patients were not presented. Preoperative "neoadjuvant" combined chemo radiotherapy (Ca-folate and Fluorouracil (5-FU) and 45 Gy radiation) was indicated and performed for advanced tumours of the anorectum, and after the resection they were treated according to de Gramont protocol (19). The diagnosis of both group were right and left side colon cancer and rectal adenocarcinoma, with clinical stage I, II, III. After re-staging examinations patients underwent the resection: right and left side hemicolectomy, sigma resection or rectal resection and abdomino-perineal exstirpation for rectal cancers, according to location. No intra- or postoperative major complications were observed, all patients were emitted as recovered. All specimens were sent to histopathological analysis and the proper TNM stages were given by the postoperative histopathological examination of the bowels removed. All of the statistical methods were maiden with Chi-squere test. The CEA (indicated in ng/ml) and CA 19-9 (indicated in IU/ml) tumor marker serum levels were evaluated from routine blood investigations (ELISA ), blood samples were taken at the day of the surgical treatment, and 1 week, 3, 6 months and 1 year later. We owned all of the justical licences which are needed to perform this study.
Antioxidant capacity and gene expression investigations. The antioxidant capacity of blood with deoxy-ribose degradation test was examined, samples were taken parallel with samples of gene expression investigation, as above. From blood samples, total cellular RNA was isolated using TRIZOL reagent (Invitrogen, Paisley, Scotland, UK). The concentration and quality of the RNA was checked by absorption measurement of light at 260/280 nm wavelength. RNA of each sample (10 g) was dot-blotted onto Hybond N+ nitrocellulose membranes (ECL kit, Amersham, Little Chalfont, England) and hybridized with chemiluminescently labelled specific probes of c-myc, p53 Bcl- 2, Ki-ras, Ha-ras genes (Prof. J. Szeberényi, University of Pécs, Hungary). The RNA isolation, hybridization and detection were performed according to the manufacturer's instructions. The signals were detected on X-ray films. The dots were evaluated by Quantiscan software (Biosoft, Cambridge, UK). Gene expression was related to the level of the expression of beta-actin and the difference was given in percentages.


The method of deoxy-ribose degradation test is based on spectrophotometric measurement of thiobarbituric acid (TBA) derivatives of the reactive carbonyl compounds that are formed during degradation of 2-deoxy(D)-ribose by hydroxyl radicals (HO˙) generated in the Fenton- reaction between iron(II)-ions and hydrogen peroxide (H2O2). In the presence of hydroxyl radicals scavenger substances like antioxidants in the blood, the absorbance of oxidated compounds decreases (20).
Results

The molecular epidemiological biomarkers were measured at the date of surgical treatment, then after 1 week, 3, 6 month and 1 year later. As demonstrated, the expression of onco/suppressor genes continuously decreased, by CoD™ tea consumers and non consumers as well (Figure 1). All the examined genes showed decreased expression in CoD™ tea group, comparing to the beta-actin. Both of the surgical treatment and the consume of CoD™ caused the continous decresing of c-myc and p53 gene, and at the 12th month the c-myc, Ha-ras, Bcl-2, Ki-ras and p53 onco/suppressor gene expression decreased strongly in comparison to the decreasing of control group. At the 12th month surgical treatment and cytostatic therapy (indicated by oncological standards depending on the histological results, see above) in the control group were able to reduce the c-myc, Ha-ras, bcl-2, Ki-ras and p53 onco/suppressor gene expression compared to the day of surgical treatment. But beyond at the 12th month after surgical treatment in CoD™ consuming group the expression of c-myc and Ha-ras protoncogene decreased strongly compared to non consumer group at the same time after surgical treatment. That may be important in prognosis of the CRC.

CA19-9 and CEA tumor markers mean did not correlate to the results with other biomarker status, and the clinical stages detailed in this study (Figure 2).
On the basis of the deoxy-ribose degradation test the mean blood antioxidant level was in both groups unsteady, but in CoD™ consuming group the absorbance of oxidated compounds in general decreased slightly, so the mean of blood antioxidant capacity increased (Figure 3).
Moreover in CoD™ consuming group already in one week after surgical treatment – in contempt of surgical stress – the antioxidant capacity increased, by the time in control the antioxidant capacity decreased in one week after surgical treatment compared to the antioxidant capacity at the day of surgical treatment. In twelfth month after surgical treatment the antioxidant capacity increased in both group, in CoD™ consuming group continuously, by the time in control group unsteady in comparison with the earlier antioxidant capacity value of the same group.
Discussion
In earlier investigation Sánchez-Pernaute et al. detected in 25% of patients with CRC c- myc overexpression (2). Independent of that marked elevations of the expression of the c-myc, Ha-ras and p53 genes were seen in the peripheral leukocytes of patients with CRC when compared to the controls (50 patients with other, nonmalignant diseases) (22). 
According to data of Sánchez-Pernaute et al. and earlier studies of Varga et al. we can state, that overexpression of these key onco/supressor genes in CRC is relevant (2, 13). According to the data of Wierstra et al. c-myc is a key regulator of cell proliferation, cell growth, differentiation, and apoptosis as a transcription factor (23).
Before these study the indirect effect of surgical treatment on relapses and metastasis were unknown (expecting the surgical treatments were successfull in all of the cases) in correspondence with c-myc, Ha-ras, Bcl-2, Ki-ras and p53 key onco/suppressor gene expression. Contrary to expected of its own applied cytostatic therapy the surgical treatment combined with cytostatic therapy caused decreasing of onco/suppressor gene expression (6, 7). We can conclude that surgical treatment has a therapeutic effect on CRC manifested by decreasing onco/suppressor gene expression level, as well. Beyond that CoD™ consuming added to the therapy caused further and strong decreasing of onco/suppressor gene expression at the twelfth month compared to gene expression level at the day of surgical treatment. So CoD™ consuming looks like successful as supportive therapy on patients with CRC by the way reducing onco/suppressor gene expression level.
On the other hand blood antioxidant capacity level corresponds to the development of cancer, as well. Serum antioxidant (
Moreover Kal et al. founded accelerated tumour growth after surgical stress in BN rats due to possible induced angiogenic cytokines (25). In human study the relevance of vascular endothelial growth factor (VEGF) as the predominant pro-angiogenic cytokine in human malignancy was shown by Lesslie et al (26). Khatri et al. demonstrated that oxidative stress can trigger in vivo an angiogenic switch associated with experimental plaque progression and angiogenesis (27). These data refers to the malignant effect of oxidative stress in patients with CRC through elevation of VEGF expression (27). Maeda et al. supposed an unknown mechanism which by serial oral administration of low doses of lapachol (5-20 mg/kg) weakly, but significantly suppressed metastasis (28).
This mechanism could be corresponding to the antioxidant effect of lapachol contained in CoD™. Pilarski et al. detected higher antioxidant activity of U. Tomentosa bark extract in comparison to the other extracts of fruits, vegetables, cereals and medicinal plants (29). The analysis included in niggling study trolox equivalent antioxidant capacity (TEAC), peroxyl radical-trapping capacity (PRTC), superoxyde radical scavenging activity (SOD) and quantitation of total tannins (TT) and total phenolic compounds (TPC) (29).
Significant partial inhibitory activities were observed by Esteves-Souza et al. for lapachol and methoxylapachol by inhibitory action on DNA-topoisomerase II-a (30). According to Renou et al. the cyclization products alpha and beta-lapachones new structure is based on the great electrophilicity of 1,4-quinoidal carbonyl groups towards reagents containing nitrogen as nucleophilic centers, such as arylhydrazines. The products can bind to DNA and redox properties refer to antineoplastic activity (31). According to the results of the recent study these facts could be caused by lapachol combined or independent of the effect on c- myc, Ha ras, BCL-2, Ki-ras and p53 onco/suppressor gene expression.
In this case molecular epidemiological biomarkers are more informal biomarkers (because they are more sensitive and responds earlier and more accurate on enviroment effects (4, 5), carcinogen exposure for example) then classical tumour markers, so through their measurement is a better way to follow the fate of malignant tumours in the respect of tertiary prevention and prediction. Although the exact predictive effect of CoD™ consuming on the onco/suppressor gene expression level and the outcome of CRC can be shown in a 5 year long follow up study, but our results suggests that CoD™ consuming may be successful as supportive therapy on patients with CRC. A long term study is planed by our research group in order to declare the potential chemopreventive effect of tested materials in further animal experiments and to investigate these biomarkers on primary prevention level. They seems to be useful molecular epidemiological biomarkers on tertiary prevention, as well (22). 
Acknowledgements

The authors express their special thanks to Zsuzsanna Bayer and Mónika Herczeg for valuable technical assistance.

References

1 Ember I, Kiss I, Raposa T: The usefulness of in vivo gene expression investigations from peripheral white blood cells: a preliminary study. Eur J Cancer Prev 8(4): 331-334. 1999.
2 Sánchez-Pernaute A, Pérez-Aguirre E, Cerdán F.J, Iniesta P, Díez Valladares L, de Juan C, Morán A, García-Botella A, García Aranda C, Benito M, Torres A.J, Balibrea J.L: Overexpression of c-myc and loss of heterozigosity on 2p, 3p, 5q, 17p and 18q in sporadic colorectal carcinoma. Rev Esp Enferm Dig 97(3): 169-178. 2005.
3 Ember I, Kiss I, Faluhelyi Z: Gene expression changes as potential biomarkers of tumour bearing status in humans. Eur J Cancer Prev 7(4): 347-348. 1998.
4 Ember I, Kiss I, Gombkötő G, Müller E, Szeremi M: Oncogene and suppressor gene expression as a biomarker for ethylene oxide exposure. Cancer Detect Prev 22(3): 241-245. 1998.

5 Ember I, Kiss I, Málovics I: Oncogene and tumour suppressor gene expression changes in persons exposed to ethylene oxide. Eur J Cancer Prev 7(2): 167-168. 1998.
6 Raposa T, Várkonyi J: The relationship between sister chromatid exchange induction and leukemogenicity of different cytostatics. Cancer Detect Prev 10(1-2): 141-151. 1987.
7 Raposa T, Varkonyi J: Leukemogenic risk prediction of the cytostatic treatment. Prog Clin Biol Res 340D: 53-63. 1990.

8 Ember I, Kiss I, Raposa T: In vivo effects of COPP protocol on onco- and suppressor gene expression in a 'follow up study'. In Vivo 11(5): 399-402. 1997.
9 Németh A, Nádasi E, Beró A, Olasz L, Ember A, Kvarda A, Bujdosó L, Arany I, Csejtei A, Faluhelyi Z, Ember I: Early effects of transplatin on oncogene activation in vivo. Anticancer Res 24(6): 3997-4001. 2004.
10 Németh A, Nadasi E, Gyöngyi Z, Olasz L, Nyarady Z, Ember A, Kvarda A, Bujdoso L, Arany I, Kiss I, Csejtey I, Ember I: Early effects of different cytostatic protocols for head and neck cancer on oncogene activation in animal experiments. Anticancer Res 23(6C): 4831-4835. 2003.

11 Ember I, Kiss I, Ghodratollah N, Raposa T: Effect of ABVD therapeutic protocol on oncogene and tumor suppressor gene expression in CBA/Ca mice. Anticancer Res 18(2A): 1149-1152. 1998.

12 Ember I, Raposa T, Varga C, Herceg L, Kiss I: Carcinogenic effects of cytostatic protocols in CBA/Ca mice. In Vivo 9(1): 65-69. 1995.

13 Varga C, Ember I, Raposa T: Comparative studies on genotoxic and carcinogenic effects of different cytostatic protocols. I. In vivo cytogenetic analyses in CBA mice. Cancer Lett. 60(3): 199-203. 1991.

14 Perjési P, Bayer Zs, Ember I: Effect of E-2-(4'-Methoxybenzylidene)-1-benzosuberone on the 7,12-Dimethylbenz[a]anthracene-Induced Onco/Suppressor Gene Action in Vivo I: A 48-hour Experiment. Anticancer Research 20: 475-482. 2000.

15 Gyöngyi Z, Somlyai G.: Deuterium depletion can decrease the expression of C-myc Ha-ras and p53 gene in carcinogen-treated mice. In Vivo 14(3): 437-439. 2000.
16 Orsós Zs, Nádasi E, Dávid T, Ember I, Kiss I: Effect of CoDTM tea consumption in a „short-term” test system on the expression of onco- and tumor suppressor genes. Egészségtudomány  50: 195-107. 2007.

17 Keplinger K., Laus G., Wurm M., Dierich M.P., Teppner H: Uncaria tomentosa (Willd.) DC. – Ethnomedicinal use and new pharmacological, toxicological and botanical results. J Ethnopharmacol 64: 23-34. 1999.
18 de Miranda FG, Vilar JC, Alves IA, Cavalcanti SC, Antoniolli AR: Antinociceptive and antiedematogenic properties and acute toxicity of Tabebuia avellanedae Lor. ex Griseb. inner bark aqueous extract. BMC Pharmacol 1: 6. 2001.

19 Csapi B., Csupor D., Veres K., Szendrei K., Hohmann J: Phythochemical analysis of Uncaria products commercially available in Hungary. Planta Medica 74: 1100. 2008.
20 de Gramont A, Bosset JF, Milan C, Rougier P, Bouché O, Etienne PL, Morvan F, Louvet C, Guillot T, François E, Bedenne L: Randomized trial comparing monthly low-dose leucovorin and fluorouracil bolus with bimonthly high-dose leucovorin and fluorouracil bolus plus continuous infusion for advanced colorectal cancer: a French intergroup study. J Clin Oncol. 15(2): 808-815. 1997.

21 Rozmer Zs, Perjési P: Effect of some nonsteroid antiinflammatory drugs on Fenton-reaction initiated degradation of 2-deoxy-D-ribose. Acta Pharmaceutica Hungarica 75: 87-93. 2005.

22 Csontos Z, Nádasi E, Csejtey A, Illényi L, Kassai M, Lukács L, Kelemen D, Kvarda A, Zólyomi A, Horváth OP, Ember I: Oncogene and tumor suppressor gene expression changes in the peripheral blood leukocytes of patients with colorectal cancer. Tumori 94(1): 79-82. 2008.
23 Wierstra I, Alves J: The c-myc promoter: still MysterY and challenge. Adv Cancer Res 99: 113-333. 2008.

24 Abiaka C, Al-Awadi F, Al-Sayer H, Gulshan S, Behbehani A, Farghally M, Simbeye A: Serum antioxidant and cholesterol levels in patients with different types of cancer. J Clin Lab Anal 15(6): 324-330. 2001.
25 Kal HB, Struikmans H, Barten-van Rijbroek AD: Surgical stress and accelerated tumor growth. Anticancer Res 28(2A): 1129-1132. 2008.

26 Lesslie DP, Summy JM, Parikh NU, Fan F, Trevino JG, Sawyer TK, Metcalf CA, Shakespeare WC, Hicklin DJ, Ellis LM, Gallick GE: Vascular endothelial growth factor receptor-1 mediates migration of human colorectal carcinoma cells by activation of Src family kinases. Br J Cancer 94(11): 1710-1717. 2006.
27 Khatri JJ, Johnson C, Magid R, Lessner SM, Laude KM, Dikalov SI, Harrison DG, Sung HJ, Rong Y, Galis ZS: Vascular oxidant stress enhances progression and angiogenesis of experimental atheroma. Circulation 109(4): 520-525. 2004.
28 Maeda M, Murakami M, Takegami T, Ota T: Promotion or suppression of experimental metastasis of B16 melanoma cells after oral administration of lapachol. Toxicol Appl Pharmacol. 229(2): 232-238. 2008.

29 Pilarski R, Zieliński H, Ciesiołka D, Gulewicz K: Antioxidant activity of ethanolic and aqueous extracts of Uncaria tomentosa (Willd.) DC. J Ethnopharmacol 104(1-2): 18-23. 2006.
30 Esteves-Souza A, Figueiredo DV, Esteves A, Câmara CA, Vargas MD, Pinto AC, Echevarria A: Cytotoxic and DNA-topoisomerase effects of lapachol amine derivatives and interactions with DNA. Braz J Med Biol Res 40(10): 1399-1402. 2007.
31 Renou SG, Asís SE, Abasolo MI, Bekerman DG, Bruno AM: Monoarylhydrazones of alpha-lapachone: synthesis, chemical properties and antineoplastic activity. Pharmazien 58(10): 690-695. 2003.
[image: image1.emf]0

20

40

60

80

100

CoD™  control CoD™  control CoD™  control CoD™  control CoD™  control

c-myc Ha-ras p53 Bcl-2 K-ras

gene expression (%)

day of surgical treatment 1 week  3 month 6 month 12 month


Figure 1. Gene expression in CoD™ consumer group in comparison with control (the arbitrary unit is gene expression as % of beta-actin)
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Figure 2. CEA (indicated in ng/ml) and CA 19-9 (indicated in IU/ml) tumourmarker in CoD™ consumer group in comparison with control
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Figure 3. Deoxy- ribose degradation test in CoD™ consumer group in comparison with control
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