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Abstract


Neoplastic cells have inverted pHi/pHe gradient compared to a normal cell and a higher acid extracellular micro environment is a feature of cancer tissue. It is well known the role of acidity in cancer growth and metastatization. Many research studies have been undertaken and even more are ongoing to study the possibility to interfere with cancer cell growth modifying the intracellular or extracellular pH with different mechanisms. Different drugs that inhibit H+ intracellular extrusion via membrane proton pumps inhibitors or mitochondrial poisons that increase intracellular acidity have been tested in cancer cells in preclinical studies, human studies are very few but promising.

Some literature underlines the value of alkaline diet as co-adjuvant for cancer treatment, but human randomized studies on the effectiveness of alkaline diet or alkaline water are lacking. We have to understand if it is possible and how to translate the laboratory results in clinical results in cancer patients.





Introduction

The rationale for alkalizing pH in cancer microenvironment

The increased acidity of tumor tissue is due to:

A.	Increased production al lactate due to the increased anaerobic glycolytic pathway used by cancer cells (Warburg effect).

B.	Hypoxia due to low 02 concentration due to hypo perfusion [1].

Neoplastic cells have an intracellular pH(pHi)/extracellular pH(pHe) gradient inverted compared to normal cells. Normal cells usually have a slightly acid pHi (6.99-7.05) and a more alkaline pHe (7.3-7.4). In neoplastic cells the pHi is more alkaline (7.1-7.7) and the pHe is more acid (6.2-6.9) [2]. The development and maintenance of this reversed pH gradient are directly owing to the proton (H+) secretory ability of the tumor cells. This proton secretion depends on the buffering capacity of the cell and it is driven by a series of transporters and enzymes that helps to keep the pHi in alkaline range and expel the excess of acidity in the extracellular environment.

The acidity of extracellular environment is essential for cancer cell proliferation, for invasion and metastatization and it also plays a role in chemotherapy and radiotherapy resistance [3,4] Besides, acidity of extracellular environment has a role in inhibition of Natural Killer and T cytotoxic lymphocytes [5,6]. In order to survive in a low pH-environment tumor cells develop regulatory mechanisms which keep their intracellular pH stable [7].

Several preclinical studies have shown how an inhibition of these regulatory systems (pumps transporters) can reverse the pHe acidity in cancer and increase the pHi acidity that cause apoptosis. The inhibition of these pump transporters can be obtained with commonly used drugs such as PPInhibitors, Sodium Bicarbonate, amiloride, acetazolamide that can reverse the pH gradient increasing the intracellular H concentration and subsequent acidity as shown in preclinical studies [8,9].

The most important systems to keep intracellular / extracellular H ion gradient stable are:

A.	Vacuolar ATPase proton pump.

B.	The sodium-proton exchanger family (NHE),

C.	The bicarbonate transporter family (BCT)

D.	The mono carboxylate transporter family (MCT)

E.	Carbonic anidrase 9 (CAIX)

F.	Voltage gated Sodium channel (VGSC) (Figure 1) 
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Figure 1: Targets for proton transport inhibitors (PTIs) as anticancer agents Harguinday S [33].



V-ATPases proton pumps acidify the extracellular compartment through proton extrusion and consequently increase cytoplasmic pH. Proton Pump Inhibitors (PPI) are drugs that inhibit Vacuolar ATPase proton pump. PPI is used in gastro protection therapy (lansoprazole, omeprazole, etc.) and there are few RCT ongoing (http//clinicaltrials.gov) with PPI in breast cancer, prostate cancer and in patients with other solid tumor in combination with chemotherapy to explore the therapeutic activity of PPI. The long term administration of ion pump inhibitors, which is a selective target of anticancer therapy, studied in vitro, showed that they are able to suppress tumor growth [10].

NHE-1 (the sodium-proton exchanger family) have an increased activity in cancer cells with the result of a rise of intracellular pH and a reduction of extracellular pH of tumor tissue. Amiloride is one NHE inhibitor and is a commonly prescribed diuretic. Monocarboxylate 4 (MCT 4) transporter family is a transporter that export lactate (result of glycolysis ) outside cell and it is overexpressed in cancer cell and can be inhibited by several compound like statin, quercetin.

Carbonic anhydrase 9 (CAIX) are hypoxia inducible enzymes that catalyze extracellular CO2 to become HCO3 (bicarbonate ion) and maintain an elevated intracellular pH. There are few CA isoforms CAIX and CA XII are associated with tumor and are over expressed in tumors [11]. Acetazolamide (a diuretic) is a CAIX inhibitor. Since cancer cells are continuously producing acidity, increasing intracellular acidity by blocking the major membrane transporters above mentioned can increase apoptosis due to intracellular hyperacidity. Increasing pHi acidity can be obtained also by increasing the production of acidity by some mitochondrial poisons that inhibit the oxidative phosphorylation, increase aerobic glycolysis and finally increase H+ ion production (such drugs are metformin, doxycycline) [7].

The hypothesis of increasing intracellular acidity by increasing production of H+ combined with the decrease H+ extrusion blocking the pump transporter with PPI, NHE inhibitors, CAIX, MCT4 is manageable with approved drugs that could be used in association. Some preclinical studies have been made buffering extracellular acidity with different substances like sodium bicarbonate or with cell ion transporters inhibitors. These studies showed a decrease of tumor growth [12] and an improvement of the immune system response (increased tumor infiltration by lymphocytes) [13].

Some studies showed that an alkaline extracellular environment can enhance chemosensitivity of some chemotherapeutic drugs like anthracycline. The weak bases mitoxantrone, daunorubicin and doxorubicin all showed enhanced cytotoxicity at higher pHe values. Conversely, the weak acids chlorambucil, cyclophosphamide and 5-fluorouracil all showed enhanced cytotoxicity at low pHe values [14]. So not all chemotherapeutic drugs may benefit of the same extracellular pH. Nowadays many patients have chronic pathologies that needs therapy with statins, amiloride, PPI and other compounds of those above mentioned for which a potential protective effect against cancer has been demonstrated in preclinical studies. Epidemiologic researches on PPI, amiloride, acetazolamide employed in cancer patients for comorbidity could be interesting.

Human studies with cell membrane proton pump and proton transporter inhibitors

Few studies have been conducted on human being exploring the effect of alkalizing of tumor microenvironment In one study Gillies et al employed Na bicarbonate at the equivalent doses used in experimental mice (0,6g/kg or 0,5g/kg) Due to side effects of metabolic alkalosis patients interrupted the therapy (Springett G, Gillies RJ 2010, NCT01198821) [15]. A randomized study was conducted with intermittent high dose of PPI in metastatic breast cancer in combination treatment with chemotherapy (Docetaxel and Cisplatin for 6 cycles). The group who received intermittent high doses of esomeprazole (a PPI) had a significant better Overall Survival and Time To Progression and Overall response Rate was 67.7% in PPI arm vs 46.9% (only chemotherapy group) [16].

One case reports of PPI (rabeprazole) employed as a unique therapy in 3 advanced Gastrointestinal cancer patients refractory to standard therapy reported a long term stabilization of advanced disease [17]. Harguindey S reported on a case of advanced ovarian cancer who reached a prolonged survival with only Amiloride (NHE inhibitor) supplementation with decrease of tumor marker [18]. We need RCT in cancer patients exploring the effectiveness of these pump cell transporters alone or in combination (ieamiloride+lansoprazole+acetazolamide) and we need to explore if the association of these drugs with chemotherapy, radiotherapy can improve the effectiveness of chemotherapy. The first study to explore the enhancement of activity of chemotherapy subsequent to pretreatment with high-dose PPIs in humans has been carried out in patients with osteosarcoma [19]. In this not randomized phase II trial, 98 patients received esomeprazole (60 mg/day) for 2 days before neoadjuvant treatment with methotrexate, cisplatin, and adriamycin. It was reported a higher percentage of tumor necrosis with respect to historical controls. The highest percentage of the tumor necrosis rate was in a cohort of patients with chondroblastic osteosarcoma, where the expected response rate is usually extremely low.

A randomized trial in 66 advanced gastrointestinal cancer patients receiving PPI (rabeprazole 1,5mg/kg bid for 3d/week) plus metronomic Capecitabine 1500mg/d vs Capecitabine alone is ongoing [20]. We also need to find validated instruments (markers) to verify that alkalizing is obtainable in the tumor microenvironment thanks to these treatments.

Alkaline Diet and Cancer

The western diet is rich of animal protein. Alkaline foods include nearly all vegetables and fruits, many nuts and seeds, An alkaline diet, based mainly on alkaline foods can affect the acidity of body fluids, including the urine or blood. Acid forming foods are high-protein foods, especially from animal source like meat, fish, and eggs and most legumes, such as beans and peas. Sugar, alcohol, and most cereals are also acid forming.

Alkaline food sources are rich in cations-sodium (Na+), potassium (K+), calcium (Ca2+), and magnesium (Mg2). On the other hand, acid foods or supplemental sources are negative ions like phosphate (P04-), sulfate (S04-), chloride (Cl-), and organic acids-that cause metabolic academia. A balanced diet with adequate amount of protein (0.8g/kg) and abundant vegetables and fruit has been proved to be important for bone health. The body keeps a balance of blood pH through a refined system of alkaline acid homeostasis through kidney and lung and in case of an alkaline diet can decrease calciuria and exert a protective effect on bone. Few studies showed the effect of alkaline compounds (potassium citrate i.e,) in decreasing bone resorption [21]. On the contrary and in case of prevalent acid diet or in an acid environment (as it occur in kidney failure ) calciuria increases and could be harmful to bone health.

A lot of papers have been published about diet an cancer in the last two decades and many researches are ongoing: in nci. clinicaltrials.gov under "diet and cancer treatment” there are more than 1000 studies. Many epidemiologic studies have underlined how diet can influence health and cancer risk. Epidemiologic studies (like EPIC studies) showed that a more vegetarian whole grain diet (as Mediterranean diet) is healthier compared to western diet based on animal proteins in cancer prevention.. Most epidemiologic studies showed the role of a whole grain plant based diet also as a secondary cancer prevention in some cancer like breast cancer (like the WINS study) and colon cancer [22]. Observational studies have shown that diet can influence progression and relapse in oncologic survivors [23]. Study in breast cancer survivors who followed the nutrition and lifestyle recommendations of American Cancer Soc. Demonstrated a better prognosis [24]. An open question is if an alkaline diet or alkaline drinking water during chemotherapy or radiotherapy can improve outcome. There are very few studies on alkaline diet or alkaline water during cancer treatment despite a very popular in lay press.

Brewer reported of areas in the world where cancers incidence are very low. These areas have concentrations of alkalizing minerals in the soil and water greater than in other parts of the world. For example, the Hunza of northern Pakistan and the Hopi Indians of the West American share both similar soil and water conditions. The alkaline minerals like of cesium chloride, germanium are heavily present in the soil and water. These peoples also live in similar high, dry climates traditionally eating the fresh or dried fruit and the seeds each day [25].

Raghunand [25] published the first in vivo demonstration through 31P-magnetic resonance spectroscopy (MRS) that the pHe of MCF-7 human breast cancer xeno grafts can be effectively and significantly raised with sodium bicarbonate in drinking water. Also the bicarbonate-induced extracellular alkalinization leads to significant improvements in the therapeutic effectiveness of doxorubicin against MCF-7 xeno grafts in vivo. Another preclinical study showed that sodium bicarbonate added to drinking water in TRAMP mice dramatically delayed the transition from in situ to invasive prostate cancer [26].

A phase II ongoing trial is studying how well alkaline water works in reducing skin toxicity in women with breast cancer undergoing radiation therapy. Alkaline water may reduce radiation therapy-related skin toxicity in patients with breast (www.clinicaltrials.govNCT01487954) [27]. Some researches found that certain antiblastic drugs are more active in alkaline environment (doxorubicine) [28] while others (alkilants, cisplatin) are more efficient in an acid extracellular environment [29]. Despite many preclinical studies few well conducted human studies are available.

A recent systematic review was conducted by Fenton [30]. The study aim was an analysis of observational studies with either varying acid-base dietary intakes and/or alkaline water in relation to incidence of cancer or cancer treatment outcome. Only one study met the inclusion criteria with a low risk of bias. This study revealed no association between the diet acid load with bladder cancer (OR=1.15, 95% Cl 0.86 - 1.55, p=0.36) [31].

Conclusion

So despite very promising preclinical data that favor the hypothesis that alkalinization through different drugs that inhibit cellular pumps can improve the outcome of cancer, we do not have at the moment the same evidence based studies on human beings. Also in the employ of alkaline diet or alkaline water during cancer treatment in the attempt to improve cancer patient's outcome we do not have at the moment enough strong studies. While the value of an alkaline diet has been proved into prevention or improvement of some chronic diseases [32] and in primary and secondary cancer prevention its value during cancer treatment is less clear. Randomized clinical trial should be designed to verify the hypothesis that alkaline diet vs western diet alone or in combination with buffering-alkalizing drugs during chemotherapy/radiotherapy can improve response to chemotherapy and outcome [33].
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