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Abstract the utilization of adenosine 5´-triphosphate (Atp) infusions to inhibit the growth of some human and 
 animals tumors was based on the anticancer activity observed in in vitro and in vivo experiments, 
but contradictory results make the use of Atp in clinical practice rather controversial. Moreover, there is no litera-
ture regarding the use of Atp infusions to treat hepatocarcinomas. the purpose of this study was to investigate 
whether Atp prevents in vivo oncogenesis in very-early-stage cancer cells in a well characterized two-stage model 
of hepatocarcinogenesis in the rat. As we could not preclude the possible effect due to the intrinsic properties 
of adenosine, a known tumorigenic product of Atp hydrolysis, the effect of the administration of adenosine was 
also studied. Animals were divided in groups: rats submitted to the two stage preneoplasia initiation/promotion 
model of hepatocarcinogenesis, rats treated with intraperitoneal Atp or adenosine during the two phases of the 
model and appropriate control groups. the number and volume of preneoplastic foci per liver identified by the 
expression of glutathione s-transferase placental type and the number of proliferating nuclear antigen positive 
cells significantly increased in ATP and adenosine treated groups. Taken together, these results indicate that in 
this preneoplastic liver model, Atp as well as adenosine disturb the balance between apoptosis and proliferation 
contributing to malignant transformation.

 Key words: hepatocarcinoma, preneoplastic model, Atp, adenosine, preneoplastic foci, altered hepatocytes 
foci, proliferation, apoptosis

Resumen Efecto in vivo de adenosina 5´-trifosfato sobre el hígado preneoplásico de la rata. la utiliza- 
 ción de adenosina 5´-trifosfato (Atp) para inhibir el crecimiento de algunos tumores en humanos y 
en animales se basa en la actividad anticancerígena observada en experimentos in vitro e in vivo. El uso del Atp 
en la práctica clínica es discutido debido a resultados contradictorios. por otra parte, no existen antecedentes 
del uso de Atp en el tratamiento de hepatocarcinomas. El objetivo del presente estudio fue determinar si el Atp 
previene la oncogénesis in vivo en un modelo de preneoplasia hepática murina de dos etapas. para determinar 
la probable contribución de la adenosina, producto de la hidrólisis de Atp y descrita como tumorigénica, se 
estudió también el efecto del nucleósido exógeno sobre los focos preneoplásicos. los animales se dividieron en 
grupos: ratas sometidas al modelo de preneoplasia de iniciación/promoción, ratas tratadas con Atp o adenosina 
intraperitonealmente durante las dos fases del modelo y los correspondientes grupos controles. El número y el 
volumen de focos preneoplásicos por hígado, identificados por la expresión de la forma placentaria de la glutation 
s- transferasa de rata y el número de células positivas para el antígeno nuclear proliferante, aumentaron signi-
ficativamente en los grupos tratados con ATP y adenosina. Los resultados en su conjunto indican que en este 
modelo preneoplásico, el Atp y la adenosina alteran el balance entre apoptosis y proliferación, contribuyendo 
a la transformación maligna.

 Palabras clave: hepatocarcinoma, modelo preneoplásico, Atp, adenosina, foco preneoplásico, proliferación, 
apoptosis
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Hepatocellular carcinoma (HCC) is the fifth most com-
mon malignancy in the world. Its incidence is increasing 
worldwide and is estimated to cause approximately half 

a million deaths annually with 2-5 new cases per 100  000 
inhabitants/year in Western countries and more than 
20 per 100 000 inhabitants/year in Asia. the major risk 
factors are chronic hepatitis B and cirrhosis related to 
chronic hepatitis C. Alcoholic cirrhosis is associated with 
smaller risk for hCC1, 2. the foci of altered hepatocytes 
(Ahf) would emerge during the long preneoplastic stage, 
in which the liver is often the site of chronic hepatitis, cir-
rhosis, or both3, 4.
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Accordingly, an in vivo system was used to study early 
stages of neoplasia in rat liver5. the initiation-promotion 
or 2-stage model of cancer mimics the early events of 
the latent period of human carcinogenesis6-8. the system 
consists of an initiation phase involving two intraperitoneal 
necrogenic doses of the carcinogen diethylnitrosamine 
(DEN) and a promotion phase that enhances the initiated 
cell populations by oral administration of 2-acetylaminoflu-
orene (2-AAf). 

Experimental evidence in animals and humans in-
dicates that the administration of Atp, Atp hydrolysis 
products and other nucleotides can inhibit tumor growth 
by acting alone or synergistically with chemotherapeutic 
drugs9-11. however, the participation of extracellular ad-
enosine 5´-triphosphate on the cell fate has paradoxical 
aspects since it can direct the cell towards proliferation, 
differentiation or apoptosis possibly taking part in promot-
ing or preventing malignant transformation12. 

once Atp is in the extracellular space the nucleotide is 
subjected to sequential dephosphorylation by ectonucle-
otidases into ADp, AMp and adenosine (ADo)13. Besides, 
adenosine produced by hypoxic tumors, stimulates tumor 
growth by immunosuppressive effect and angiogenic 
actions14.

the objective of this work is to contribute to the un-
derstanding of the controversial Atp and cancer rela-
tionship by the evaluation of exogenous Atp treatment 
on: a) the number of foci per liver, b) the volume of liver 
occupied by Ahf, c) proliferation and d) apoptosis in the 
aforementioned preneoplastic rat liver model. As Atp 
can be completely dephosphorylated in the extracellular 
compartment, we also evaluated the effect of exogenous 
adenosine on the parameters described above.

Materials and Methods

DEN, 2-AAf, Atp, ADo, dimethyl sulfoxide (DMso) and 
tricaprylin were obtained from sigma Chemical Co; rabbit 
polyclonal antibody glutathione s-transferase placental form 
(rGst-p) was provided by Assay Designs Inc., Ann. Arbor, 
MI, UsA; mouse monoclonal anti-proliferating cell nuclear 
antigen (pCNA) antibody sc-56 was from santa Cruz Bio-
technology, santa Cruz, CA, UsA; the tdt-mediated dUtp 
Nick-End labeling (tUNEl) kit was from promega, Madison, 
Wi; Link and Label detection kit was from Cell Marque Corp., 
hot springs, Ar, UsA.

Adult male Wistar rats weighing between 330 and 380 
g were housed 3-4 per cage and maintained in a room at 
a constant temperature with a 12-hour light-dark cycle. tap 
water and pelleted rat chow (Cargill sACI, Argentina) were 
available ad libitum. All experiments were performed under 
protocols approved by the Ethical Committee of the instituto 
Universitario italiano de rosario (IUNIr).

rats were divided into 6 groups of 6 to 7 rats each. the 
animals of the initiation-promotion group (Ip) were subjected to 
the two-phase hepatocarcinogenic model as described previ-
ously5. Briefly, initiation was induced by the administration of 
two DEN intraperitoneal necrogenic doses of 150 mg/kg body 
weight dissolved in phosphate buffer saline (pBs), at the 

beginning of the 1st and 3rd weeks. the promotion phase was 
carried out using 2-AAf dissolved in DMso then suspended 
in tricaprylin to a final concentration of 8 mg/ml. The rats re-
ceived 20 mg/kg body weight of 2-AAf/tricaprylin suspension 
by gavage during 3 weeks for 4 consecutive days per week, 
starting 1 week after the last injection of DEN. the animals 
were randomly assigned to the experimental groups after the 
first DEN injection.

the Ip-Atp and Ip-ADo groups were subjected to the 
same 2-phase protocol and received adenosine 5´-triphos-
phate and adenosine intraperitoneal injections of 100 mg/kg 
body weight (4 times a week for 6 weeks) dissolved in pBs 
ph 7.4 and pBs-8% tween 20, respectively15-17. A scheme of 
the experimental protocol is shown in fig. 1.

Animals without treatment and rats subjected to adenosine 
5´-triphosphate or adenosine treatment were the normal con-
trol, Atp control, and ADo control groups. the volume injected 
was between 0.2 - 0.3 ml. the animals were killed at the 
end of the 6th week after bleeding by cardiac punction under 
pentobarbital anesthesia (50 mg/kg body weight). thereafter, 
the livers were removed and weighed, and pieces of tissue 
from three different lobes were processed for histological and 
immunohistochemical studies.

Liver tissues were fixed in 10% formalin, embedded in par-
affin, serially sectioned and processed for hematoxylin-eosin 
(hE) staining or immunohistochemistry. In the immunohisto-
chemical studies, rat liver with preneoplastic foci was used 
as a positive control. Negative controls were performed by 
replacing the primary antibody. At least 1 cm2 of three slices (6 
µm) of each lobe was studied for each technique. The histol-
ogy and immunohistochemistry were evaluated independently 
by two investigators.

Quantification of preneoplastic foci. As the rGST-p isozyme 
is specifically expressed during rat hepatocarcinogenesis18, 
the immunohistochemical detection of rGst-p is the most 
widely used method for identification and quantification of rat 
Ahf19. the location of rGst-p in the liver was determined by 
the streptavidin-biotin-peroxidase method using an anti-rat 
Gst-p polyclonal antibody. sections were counterstained 

fig. 1.– scheme of the initiation/promotion carcinogenic model. 
All rats were subjected to DEN intraperitoneal injections 
at the beginning of the 1th and 3rd weeks (black arrow), 
followed by 1 week of rest. then, 2-AAf (open arrow) 
was given by gavage 4 times per week for 3 weeks. the 
rats were killed at the end of the 6th week (black triangle). 
rats were randomly assigned to no treatment (Ip group), 
treatment with Atp (Ip-Atp group) or adenosine (Ip-ADo 
group). Atp (white head) and adenosine (black head) were 
injected intraperitoneally in Ip-Atp and Ip-ADo groups, 
100 mg/kg body weight, 4 days a week during 6 weeks 
starting the day after the first DEN injection. 
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with hematoxylin. rGst-p-positive foci were measured with 
a computer-assisted image processor. two parameters were 
considered and calculated by the saltykov method20 using 
digitized images: 1) the number of foci per liver. this is an 
estimate of the total number of initiated cells capable of de-
veloping Ahf clones based on liver weight; 2) the percentage 
of liver tissue occupied by Ahf. this is the volume occupied 
by altered foci relative to total liver volume and reflects the 
growth and total cellular population of the foci21, 22.

Determination of proliferative Index and Cell-Cycle phases. 
proliferating cell nuclear antigen (pCNA) is a component of the 
DNA replication process involved in growth regulation synthe-
sized in late G1 and s phases of the cell-cycle and its reactivity 
may be detectable in any situation where cell proliferation 
takes place. the nuclear pattern of expression of pCNA differs 
in the stages of the cell cycle. pCNA expression increases in 
the nucleus during the late G1 phase, reaches its maximum 
during the s phase and declines again during the G2 phase. 
Mitotic cells have a very low pCNA signal23. the proliferative 
activity amongst groups was compared. serially sectioned 
slides were examined by immunohistochemical staining with 
anti-rGst-p and anti-pCNA antibodies. the number of pCNA-
labeled nuclei was determined within randomly selected rGst-
p-positive foci. Counting was undertaken by using an optical 
microscope with 400x magnification. All PCNA-positive cells 
in G1, s, G2 and M phases were used to calculate the total 
number of proliferating cells. the proliferative index (pI) was 
defined as the number of PCNA-positive nuclei per focus in 
the preneoplastic tissue and as the number of pCNA-positive 
nuclei per 100 hepatocytes in the surrounding tissue24. the 
number of proliferating cells within rGst-p positive foci and 
surrounding tissue was determined by examining at least 1,000 
to 10,000 hepatocytes, respectively.

Determination of Apoptotic Index (AI). Apoptotic cells were 
quantified by TUNEL in serial sections stained for the rat 
placental form of glutathione s-transferase (rGstp) scoring 
1,000 to 5,000 hepatocytes in the foci and 5,000 to 10,000 
cells in the surrounding tissue. The data was confirmed by light 
microscopic examination (Zeiss Axiolab microscope, Germany) 
at 400x magnification by counting the same number of cells on 
hE-serial stained slides. Apoptotic cells were recognized by 
patterns of morphological changes such as loss of cell surface 
structures, cell shrinkage and shape change, condensation 
of cytoplasm and nuclei, nuclear envelope changes, nuclear 
fragmentation and apoptotic body formation25. Apoptotic index 

was defined as the total number of apoptotic cells per focus in 
the preneoplastic tissue and as the number of apoptotic cells 
per 100 hepatocytes in the surrounding tissue. 

values are expressed as mean ± sE. the statistical evalu-
ation was performed using the program spss version 10.0. 
Data were compared using 1-way ANovA; in the case of 
significance, a tukey test was applied. Differences were 
considered significant when p<0.05.

Results 

histological changes were observed due to adenosine 
5´-triphosphate and adenosine. In Ip and Ip-ADo groups 
hydropic degeneration was observed in hE-stained liver 
sections in the foci and in the surrounding tissue (fig. 
2A); in Ip-Atp group, hydropic vacuoles were observed 
in most of the foci but not in the surrounding tissue (fig. 
2D). Portal inflammation, portal and periportal cholesta-
sis and bile pigment deposits in the portal space and its 
proximal cells were predominantly observed in Ip-Atp 
group. In control groups alteration of the liver tissue was 
not observed.

the number of foci per liver and the percentage of 
liver as altered hepatocytes significantly increased in the 
rats given Atp or ADo during the two-phase protocol 
compared with the animals subjected to the model without 
further treatment. Moreover, ATP treatment significantly 
enhanced the above parameters when compared with ad-
enosine treatment. panels 2B and 2E show rGstp positive 
foci from Ip and Ip-Atp groups, respectively. Quantitative 
data and statistics are shown in figs. 3A and 3B. Neither 
Atp nor ADo treatments produced changes in normal 
livers since foci were absent in the control groups.

In the foci, a significant difference in proliferation and 
apoptosis was observed among the three groups. Ip-Atp 
group showed the highest proliferation index and apop-
totic index, followed by Ip-ADo and Ip groups. the pI/AI 

fig. 2.– histological serial sections of rat liver subjected to the Ip preneoplastic model: A. hydropic degeneration (black arrow) 
in the focus and the surrounding tissue hE-stained. B. Immunohistochemical rGst-p positive cells. C. Immunohistochemical 
pCNA-positive cells. histological serial sections of rat liver subjected to the Ip preneoplastic model plus Atp: D. hE-stained. 
E. rGST-p positive cells. F. PCNA positive cells. Foci areas are highlighted by dashed lines. (This figure is presented in 
colour, in www.medicinabuenosaires.com)
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ratio for Ip-Atp group increased about twofold compared 
with Ip-group ratio. the pI/AI ratio for Ip-ADo group was 
between the ratios of Ip-Atp and Ip groups. Data are 
summarized in table 1. fig. 2f shows pCNA positive 
nuclei in the foci of Ip-Atp group of rGstp-positive tissue 

(fig. 2E). In the surrounding tissue, both proliferation and 
apoptosis were similar in Ip, Ip-Atp and Ip-ADo groups. 
Compared with control groups, they showed normal prolif-
erative activity but slightly higher rates of apoptosis (data 
not shown). table 2 shows the percentages of pCNA 

fig. 3.– Bars representing the number of Ahf per liver (A) and percentage of volume occupied by Ahf (B). Altered hepa-
tocytes foci were visualized by rGstp staining. Groups are indicated under the bars. Each bar represents mean ± sE of 
livers from seven rats. the number of Ahf per liver (A) and the volume percentages of Ahf (B) in Ip-Atp group was 
significantly different compared with IP-ADO (*p < 0.001; **p < 0.05)

tABlE 1.– effect of ATP and adenosine on proliferation and apoptosis

 pI AI pI/AI
 proliferative cells/focus Apoptotic cells/focus

Ip Group 7.95 ± 0.14 0.66 ± 0.03 12.05 ± 0.31
 n = 7 n = 7
Ip-Atp Group 29.14 ± 0.78* 1.10 ± 0.07* 26.98 ± 1.19#

 n = 7 n = 7 
Ip-ADo Group 15.03 ± 0.24** 0.90 ± 0.05# 16.96 ± 0.29†

 n = 6 n = 6

noTe. Proliferating cells and apoptotic cells per focus were scored from at least 1,000 hepatocytes. 
All values represent mean ± se
*Different from iP and iP-ADo (p < 0.001); **different from iP (p < 0.01); #different from iP (p < 0.001); 
†different from iP and iP-ATP (p < 0.05

TABLE 2.– Cell-cycle distribution of hepatocytes in AHF. Determined from PcnA 
immunostaining

 Cell-cycle phases

 % G1 % s % G2 % M

Ip-Group 76.25 ± 1.63 13.64 ± 1.63 9.81 ± 0.63 0.39 ± 0.08
Ip-Atp Group 68.00 ± 0.12# 28.02 ± 1.12*     3.62 ± 0.53** 0.50 ± 0.25
Ip-ADo Group 80.93 ± 2.01 12.99 ± 1.51     4.73 ± 0.32** 0.70 ± 0.29

noTe. Data were expressed as percentage of proliferating cells (PcnA-positive cells) ± se
*Different from iP and iP-ADo (p<0.001)
**Different from iP (p<0.001) 
#Different from iP (p<0.05); different from ADo (p<0.01) 
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positive nuclei in each phase of the cycle in the foci. the 
IP-ATP group showed a significant higher percentage of 
cells in the S phase (p < 0.001).

Discussion

Antitumor effects of ATP were first observed in cell cul-
ture26, 27 and carcinoma treatment in animal models15, 16, 28, 

29. In clinical practice the use of Atp infusions in the treat-
ment of a variety of human tumors is rather controversial 
due to the contradictory results of clinical trials carried 
out up to now. Most of these trials deal with non-small-
cell cancer patients and there are few results concerning 
other tumors10, 11, 17, 30.

In the present study, we analyzed the effect of Atp on 
Ahf of rats subjected to a liver preneoplastic protocol widely 
used to assess the effect of anticancer drugs5, 31, 32.

In contrast with previous results11, 17, 30 we found that 
Atp treatment enhanced initiation and promotion of 
altered hepatocytes. We suggest that the activity of Atp 
on cell proliferation and altered hepatocytes foci number 
could involve adenosine generation as a consequence 
of the rapid Atp breakdown, as it has been described 
that the nucleoside takes part in tumorigenesis via A2A 
receptor14. 

Exogenous adenosine increased significantly the 
number of focus per liver and the volume of liver occupied 
by Ahf respect to the untreated group but both param-
eters were significantly lower than that observed in ATP 
treated group. therefore, although adenosine plays a role 
in the progression of the foci, our study provides evidence 
that Atp has an intrinsic effect on altered hepatocytes 
proliferation.

In agreement with several reports describing that ad-
enosine 5´-triphosphate and adenosine can trigger apop-
tosis in tumor cells26, 27, 33 we observed that the apoptotic 
index increased significantly in the foci of IP-ATP and 
Ip-ADo groups respect to Ip-group. Although apoptosis 
increased in the treated animals, the largest preneoplastic 
lesions were observed in these two groups because of 
the elevated hepatocyte proliferation. the highest pI/AI 
ratio was attained by Ip-Atp group followed by Ip-ADo 
group, indicating that apoptosis could not counterbalance 
increased proliferation.

When investigating the cell cycle, we noted that Atp 
led to an increased rate of cell entry to the s phase as 
detected by pCNA expression and nuclei morphology. 
fast growth and deregulation of the cell cycle has been 
described as a characteristic of preneoplastic and neo-
plastic lesions34.

A potential mechanism mediating the effects of ex-
tracellular Atp is the activation of purinergic receptors. 
Administration of Atp can activate p2 receptors, while 

exogenous adenosine triggers the activation of p1 recep-
tors. Extracellular nucleotides might regulate proliferation, 
differentiation and apoptosis of cancer cells through p2 
receptors subtype. Activation of the metabotropic p2Y2 
receptors would increase proliferation in most cancers 
while metabotropic p2Y1, and ionotrophic p2X5 and 
p2X7 receptor subtypes might change the cell cycle from 
proliferation to differentiation and apoptosis35. 

hepatocytes express several purinergic p2Y receptors 
including the metabotropic p2Y1, p2Y2, p2Y4 and p2Y6. 
recently, ionotrophic receptors have been recognized in 
the liver. p2X3, p2X4 and p2X7 receptors are dominant in 
isolated hepatocytes and p2X4 and p2X7 are also present 
in rat hepatocarcinoma36.

The conflict-ridden results about pro-proliferative and 
anti-proliferative or pro-apoptotic and anti-apoptotic ef-
fect could be a consequence of the different affinities to 
nucleotides displayed by specific purinergic receptors 
expressed on the surface of hCC or an enhanced or 
decreased expression of some of these receptors in dif-
ferent tissues12. on the other hand, different downstream 
mechanisms of signal transduction could modulate the 
different tissue-specific responses making the role and 
mechanisms of purinergic signaling as anticancer drug 
target unclear12, 37. We await further experiments to confirm 
a change in the expression of purinergic receptors as a 
result of endogenous Atp treatment in the Ip-model.

In regard to the peri-preneoplastic tissue, the Ip, Ip-
Atp and Ip-ADo groups showed normal proliferative 
activity but higher rates of apoptosis than control groups. 
Initiated cells in the surrounding tissue may undergo 
apoptosis and never develop in preneoplastic foci38. It 
also has been demonstrated that hepatocytes adjacent to 
hCC have the ability to induce apoptosis in an autocrine 
or paracrine way39.

Both p2Y and p2X receptors have been implicated 
not only in the formation of tumors, but also in chronic 
inflammation40, 41. In agreement with the latter finding, we 
observed a severe portal inflammation and portal and peri-
portal cholestasis in the Ip-Atp group41. however, in the 
surrounding tissue of Ip and Ip-ADo groups we observed 
hydropic degeneration while a normal appearance was 
observed in Ip-Atp and control groups. It is noteworthy 
that in hepatic and hepatoma cell models, extracellular 
Atp has been reported to downregulate cell volume of 
swollen hepatic cells42-44. 

our results suggest that in this preneoplastic model, 
Atp –directly or indirectly– increases both the number 
and volume of preneoplastic foci. Although apoptosis 
increases, we observed a pro-tumoral effect of adenos-
ine 5'-triphosphate. As ATP significantly augmented the 
proliferative activity respect to adenosine its effect might 
not be ascribed exclusively to extracellular adenosine 
generation from Atp. 
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- - - -
[…] como yo tengo la manía de andar a caza del por qué de las cosas, he creido hallar en el 

uso de la pipa el oríjen de la mística metafísica de los alemanes. Un filósofo, me he dicho, que 
pasa horas enteras en la beata contemplación del humo, que en columnas i espirales se revuelve 
delante de sus ojos, disipándose, reuniéndose en formas indefinibles, fantásticas, inapreciables, 
eclipsando por momentos la realidad, lo visible i terreno; aquel filósofo, digo para mí, debe ser 
caviloso, rêveur, místico, vaporoso, metafísico, incomprensible. esta teoría tan plausible i que 
arrojaria una gran luz sobre los misterios de la filosofía alemana, no ha sido aceptada, sin em-
bargo por los sabios de Gotinga a quienes la sometí humildemente. los alemanes sostienen, 
por el contrario, que a causa de la predisposición innata de la nacion a la cavilación, al adoptar 
el uso del tabaco, lo han sometido a las exijencias del carácter propio.
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