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Abstract: Current chemotherapeutic drugs act for the most part by killing cancer cells directly. Treatment with these 
drugs often can be harmful to normal cells and may cause incomplete elimination of the target cells, resulting in the 

recurrence of the disease. 

To coop with current treatments the path of biomodulation rather than cytotoxicity, has been seen in the role of cAMP in 
normal versus malignant cells. It has been found that an increase of cAMP levels in normal cells stimulates proliferation, 

and that in the same time cancerous cells are inhibited to proliferate. This inverted reaction has given the momentum for 
synthesis of various cAMP analogues and investigation of there antitumor activity. A number of analogues, such as 8-
PIP-cAMP, 8-Br-CAMP or 8-HA–cAMP showed efficacy only in millimolar concentrations. Only one of them, 8-Cl-cAMP 

as specific analogue has achieved inhibition of proliferation and stimulation of apoptosis of malignant cells in low or 
micromole concentrations.  

Still, 25 years later the mechanism of action of 8-clcAMP has not been fully elucidated or defined. This review is to 

challenge these mechanisms of action and to set a view of the nature of 8-Cl-cAMP action. 
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INTRODUCTION 

Cancer cells are characterized by an arrest at an 

incomplete stage of maturation while retaining their 

capacity to proliferate. Several agents act by changing 

the biological properties of cancer cells so they lose 

their ability to divide continuously. Once this occurs, the 

cells are programmed to die. This new approach is 

based on the demonstration that cancer cells can 

differentiate to maturity and therefore reach a stage of 

development in which division ceases. These findings 

counter other views that cancer cells are locked 

irrevocably in an immature state that allows them to 

proliferate uncontrollably [1, 2]. 

Although cancer cells have the characteristics of 

immaturity, that condition is not necessarily permanent. 

How does the process of biomodulation occur is still a 

matter of debate. Here in this mini review we will 

present a promising agent, 8-ClcAMP, a site selective 

cAMP analogue that has as a class of biomodulators 

endured a long period of pre and clinical research [1]. 

Its biomodulator properties that primary acts by 

modulating cells to go from an immature state to a 

more differentiated state thus taking cells into a more 

controlled state, regaining the property of cell death- 

apoptosis, in our view, has been and is a promising 

strategy for cancer treatment. From the time of the 
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discovery of cAMP by Sutherland in 1957 as a 

mediator of hormonal signals in all cells and tissues an 

idea to modulate intracellular signals for restoring 

normal controlling mechanisms in malignant cells has 

been born. This lead to the synthesis of a number of 

cAMP analogues, but until 8-Cl-cAMP introduction in 

main stream research 25 years ago [1] no real shift has 

been made into the process of bio-modulating 

malignant cells. 

The biomodular activity acts through the regulation 

of cAMP dependent protein kinase A (PKA). 8-Cl-cAMP 

modifies the ratio of the PKA regulatory (R) subunits 

(type I vs. type II) by decreasing the levels of type I R 

subunits and by dissociation cAMP that binds 

differentially to site 1 versus site 2 [1]. Thus, cAMP 

analogues modified at the C-2 or C-8 position on the 

adenine ring (C-2 and C-8 analogs, respectively) are 

generally selective for Site 1, whereas analogs 

modified at the C-6 position (C-6 analogs) are generally 

selective for Site 2 (for classification of analogues see 

review [1, 3]).  

Recently, Lucchi et al., [3] and Dictore et al., [4] 

using 8 Cl-cAMP and site-specific cAMP analogs 8-

piperidinoadenosine-3’,5’-cyclic monophosphate (8-

PIP-cAMP) and 8-hexylaminoadenosine-3’,5’-cyclic 

monophosphate (8-HA-cAMP) (8-PIP-cAMP and 8-HA-

cAMP) in BRAF-positive carcinoma cell lines and MTC 

cell lines, respectively showed 8-Cl-cAMP and the PKA 

I-selective cAMP analogs a potent anti-proliferative 

effect in both cell lines. 8-Cl-cAMP appears to be 
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effective in a broader range of cell types and induces 

apoptosis. On the other hand, the mechanism(s) of 

action of 8-Cl-cAMP and the PKA I-selective cAMP 

analogs are different, suggesting that they may have 

dissimilar pharmacological and toxicological profiles, as 

well as unique antitumor properties.  

This pro-apoptotic effect of 8-Cl-cAMP is 

accompanied by an increase in the p38MAPK pathway 

and its effects are triggered by its conversion to its 

metabolite 8-Cl-adenosine [4].  

Biomodulation through 8-ClcAMP versus 8-Cl-
Adenosine 

One of the major problems is the overall debated 

whom or what can be identified as the major players for 

its antitumor action. In regard that 8-ClcAMP is a highly 

specific analogue of cAMP it is logically that this agent 

would be recognized as substrate of the enzymes that 

are part of the cAMP metabolism. So, one group of 

authors considers that the basis of 8-Cl-cAMP 

antiproliferative and apoptotic action is in its 

biomodulator action [4-7], which involves modulation of 

the intracellular
 
level of two isoforms of the cAMP-

dependent PKA holoenzyme (PKAI
 
and PKAII) kinases 

[5, 8]. 

The second group of investigations provided by 

Gandhi et al., [9] and Lamb and Steinberg [10] suggest 

the effect of 8-Cl-cAMP cannot be explained
 
by its 

action as a cAMP analogue; rather, tumor-cell 

cytotoxicity
 
is mediated via the product 8-Cl-adenosine 

(8-Cl-Ado). Data from Taylor and Yeoman [11], Halgren 

et al., [12] and Lamb and Steinberg [10] suggested that 

8-Cl-Ado production occurred
 
in the presence of active 

fetal bovine serum. The second group of authors state 

that 8-Cl-cAMP is only a pro-drug and that through 

serum phosphodiesterases and 5’nucleotidases 

hydrolyzes 8-Cl-cAMP to 8-Cl-adenosine which is now 

considered the main cytotoxic factor [13]. The 

experimental data on which the hypothesis of 8-Cl-

adnosine is the active principal is based on indirect 

results. On one side 8-Cl-cAMP apoptotic effect is 

achieved only if FBS is given in a inactivated form, i.e. 

that has been previously inactivated by 56
o
C. Heat 

treatment of FBS inactivates almost all enzymes but 

not protein degradation or protein denaturation, i.e. 8-

Cl-cAMPin the presence of inactivated FBS will not be 

transformed to 8-Cl-adenosine, and therefore will not 

induce apoptosis in malignant cells [13].  

Mechanistic investigations of 8-Cl-Ado in itself 

suggested that
 
its cytotoxicity is not mediated through 

the PKA pathway [8, 14, 15]. Similarly, the growth-

inhibitory activity of 8-Cl-Ado is not
 
attributable to the 

interaction with the classical adenosine
 
receptors [10, 

14, 16]. A cAMP independent pathway has been 

suggested
 
for the action of 8-Cl-Ado that results in a 

 

Figure 1: A representation of binding sites on cAMP –dependent protein kinase with representative cAMP binding analogues. 

Represents the process of cAMP selectivity that is based on modifications at the C-2 and C-8 position of the adenine ring. The 
C-8 analogues are generally selective for site 1 and vice versa. The figure gives a representation of both isoforms of the PKA 
protein. 8-Cl-cAMP has been attributed to its ability

 
to discriminate between the two isoforms of PKA, type I PKA versus type II 

PKA. Because of its low affinity to activate
 
type II PKA, the ratio of type I versus type II is lowered thus resulting in the 

restoration of "normal" PKA
 
protein levels in tumour cells thus inducing a reversion to a ‘’normal’’ phenotype (Biomodulation).  
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modulatory effect
 
on PKA-subunit mRNA and protein 

concentrations in mouse lung
 
epithelial cells. Although 

the exact mechanism of this down-regulation
 
is not 

known, an RNA-directed action has been suggested 

[10, 17]. Taken together, this group of investigations 

delineate
 
that the role of 8-Cl-cAMP is to generate 8-Cl-

Ado, which in
 
turn acts as a nucleoside analogue to 

exert cytotoxicity.
 

Also, the data demonstrated by 

Gandhi et al., [9] and Lamb and Steinberg [10] show 

that 8-Cl-cAMP serves as a pro-drug and is converted 

to 8-Cl-Ado in medium with subsequent 

phosphorylation to accumulate as 8-Cl-ATP in cells. 

This
 
is especially important if one considers that the 

action of
 
8-Cl-cAMP is attributable to 8-Cl-Ado. This 

compound resembles
 
a classical nucleoside analogue, 

which must be converted to
 
its phosphorylated form 

before incorporation into nucleic acids
 
or actions on 

other cellular targets. These and other studies suggest 

differential sensitivity to cytotoxic and gentoxic activity 

of 8-Cl-cAMP [18-21]. In addition, to further complicate 

the debate of 8-Cl-cAMP action, a research team 

headed by Park et al., [22] using a cDNA microarray 

genome wide expression profiling of 8-chloroadenosine 

and 8-chloro-cAMP in tumor cells showed that 8-Cl-

cAMP and 8-Cl-adenosine made differential patterns of 

gene expression for their anticancer activities, 

however, sharing some common distal events with 

each other. Interestingly, even though 8-Cl-adenosine 

did not share the clusters of genes that where up-

regulated, genes related to differentiation and 

development, 8-Cl-adenosine induced a significant 

overlap [with 8-Cl-cAMP] of gene clusters that where 

down regulated, genes related to proliferation and 

transformation, thereby giving a possible underlying 

mechanism of its anticancer activity by executing 

programmed cell death [21, 23]. Relationship between 

8-Cl-cAMP and its metabolites has been investigated 

by using liquid chromatography-HPLC. Cummings et 

al., [24] shown that in the tumor tissue taken by biopsy 

after a 7day continuous infusion of 8-Cl-cAMP found 8-

Cl-adenosine in 100% greater concentrations then 

expected or 100 times bigger concentrations, more 

than LC50 which has been defined previously in vitro 

[9, 24, 25]. Still, as we know that 8-Cl-cAMP is 

hydrolyzed very slowly and that 8-Cl-adenosine is a 

poor substrate for adenosine deaminase, and that the 

investigation has been done on only one sample of 

tumor tissue, the authors discuss that the presence of 

8-Cl-cadenosine maybe be a consequence of 

accumulation during the 7 day period. To further 

debate on the matter, in the same work in the plasma 

no metabolite were found, only 8-Cl-cAMP [24]. Still, 

the theory of 8-Cl-adenosine as the main cytotoxic 

effectors in cancer cells is still on glass feet, as the 

results of previous investigations have not been 

surpassed as the results show biochemical specificity 

in cells incubated with 8-Cl-adenosine versus 8-Cl-

cAMP [25-29]. Based on these results 8-Cl-cAMP may 

act by a dual mechanism, i.e. Kim et al.,[17] showed 

that the mechanism of 8-Cl-cAMP can be perceived 

separated, 8-Cl-cAMP and by 8-Cl-adenosine.  

PKA the 8-Cl-cAMP Receptor 

Until the 90’s only two groups of intracellular 

receptors cAMP and cAMP analogues have been 

defined. In this first group we have PKA I and II, and 

today’s we know another group of effectors which are 

named guanine exchange factors or GEF or EPAC. We 

have to types of receptors, cAMP-GEF I and cAMP-

GEF II [30, 31]. These factors control connection and 

release of guanine nucleotide from Rap-1 protein, and 

therefore interfere with its activity. The Rap 1 protein is 

in the scope of the ras signal pathway, so cAMP by this 

mechanism can control cell proliferation and 

differentiation [31]. One of the best investigated down 

stream pathway effects of Rap-1 is the control of ERK 

type MAP kinase activity [32] which is known by is role 

in inhibiting apoptosis [33]. Still in cells under the 

influence of 8-Cl-cAMP did not register a significant 

change in the activity of MAP kinase, and also the 

usage of a MAP inhibitor did not influence the 

occurrence of apoptosis by 8-Cl-cAMP [34]. Based on 

these results the authors have concluded that the main 

rout of 8-Cl-cAMP activity is by modulation of PKA 

activity. 

Protein kinase A is an enzyme in mammalian, which 

is present in two isoforms: PKA, PKA II [1,2]. 

Structurally, these isoforms are composed from 

catalytic and regulatory subunits (Figure 1). Every 

isoform in its composition has two types of regulatory 

units by which they can differentially distinguished: I  

and RI ß, i.e. RI  and RI ß goes into the RI isoform 

and RII  and RII ß goes into the R II isoform [35]. The 

occurrence of RI and RII types of regulatory unites 

differentiate by the phase of the cell cycle, and 

between cells of different tissues. Still, most abundant 

are the RI  and RII ß subunits. 

The isoforms of PKA can be also differentiated by 

their affinity towards camp, sub cellular distribution and 

function. On every regulatory subunit there are two 

places for cAMP attachment, the attachment place A 

and the attachment place B [35]. 8-Cl-cAMP as a 
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specific cAMP analogue is attached on both places (A 

and B), same as cAMP, but with different affinity [36-

38]. With the strongest affinity 8-Cl-cAMP is attached to 

place B on the RII subunit and for place A the weakest. 

On the other hand 8-Cl-cAMP has a high affinity 

towards place A on the RI subunit and moderate affinity 

for place B. In micro molar concentrations 8-Cl-cAMPis 

connected only on the B place of the RII subunit, so 

that PKA II stays in form of a holoenzyme, of which by 

a negative biofeedback pool brings a decrease in the 

synthesis of PKA I [1, 2, 17, 39]. The foundation of anti-

proliferative activity of 8-Cl-cAMP is based on the 

decease or downstream regulation of PKAI in 

malignant transformed cells [17, 39]. The fundamental 

importance of 8-Cl-cAMP down regulation of PKAI is 

best understood through the functions of this enzyme in 

a cancerous cell. By investigating the function of PKA it 

has been observed that there is a correlation between 

the level of differentiation and malignant transformation 

of cells that have different expression patterns of PKA 

isoforms. An increase expression of PKA II in contrast 

to PKAI is found in normal, non-proliferative cells and 

also cell in the interphase. In opposite, in tumor tissues 

and normal cells, which began there, cell cycle, i.e. in 

proliferation there is an increase in the expression of 

PKAI isoform. The physiological role of PKAI is 

conducting mitogen signals [35]. A continuous high 

level of PKA expression help cells to proceed through 

all the phases of the cell cycle even if the cells are 

incubated by a medium with no growth factors [39]. 

PKAI participates in the production of angiogen factors. 

It is a well established fact that 8-Cl-cAMP treated 

malignant cells reacts in a dose response way by 

decreasing the level of VEGF and bFGF production, 

and also the cancer cells have a decreased ability to 

invade through the matrix a of the basal membrane 

[10]. The subunit RI alpha is directly connected to 

cytochrome oxidase C, so a decrease in intracellular 

levels of PKA I cause a release of cytochrome C and 

consequently induction of apoptosis which might be 

one of the mechanisms of 8-Cl-cAMP apoptotic 

properties [40]. Changes in transcription of the gene for 

RI subunit are initiated 10 min after exposition of cells 

to 8-Cl-cAMP [2]. In this process translocation is 

preceded by PKA II or RII subunit transport to the 

nucleus. In regard that PKA II is a cytoplasmatic 

enzyme, its translocation to the nucleus is a 

prerequisite for its action on gene transcription. In early 

research nuclear translocation of PKA II is registered 

through normal development [41], hormone dependent 

regression of tumors and reversion of transformation. 

In primary structure RII molecule there is sequence of 4 

positively electropositive aminoacides 
244

KKRK
247

 

which enabled the transport to the nucleus [41]. Even 

though we have a great structural homology, RI sub 

unit doesn’t posses this sequence of amino acids 

because this receptor molecule doesn’t migrate to the 

nucleus. It has been established that under the 

influence of 8-Cl-cAMP the magnitude of translocation 

of RII subunit protein is 5 to 10 times bigger than by 

other cAMP analogues [42], which shows us that the 

level of translocation is correlated with the level of 

inhibition of proliferation of malignant cells. In the 

composition of the promoter of the gene which its 

transcription is regulated by intracellular concentration 

of cAMP, is the CRE sequence (cAMP responsive 

element) [43]. Based on these results, 8-Cl-cAMP is to 

be seen as a molecule that leads into restoration of 

gene transcription in a malignant cell by increasing the 

concentration of transcription factors that directly 

connect to the CRE region, which is preceded by the 

translocation of the RII protein receptor into the nucleus 

[42].  

Lamb and Steinberg [10] have estimated that on a 

culture of MCF-7 cells of the malignant breast tumor 8-

Cl-cAMP has achieved a decrease in proliferation, but 

this process has not been influenced by the ratio of 

PKA I versus PKA II. On the same culture the cholera 

toxin has established a significant decrease in the ratio 

of PKA I/PKA II, but at the same time hasn’t influenced 

proliferation, i.e. its inhibition. Based on these results 

these authors suggested that down stream regulation 

PKA I by 8-Cl-cAMP is not the mechanism of its anti 

proliferative action [10]. 

Little attention has been given to ectogen protein 

kinase A or ECPKA. This kinase is situated on the 

outer layer of cell membrane, and immunologically and 

biochemical is related to intracellular PKA [44-47]. 

Cyclic AMP, which stimulated ECPKA, is derived from 

forskolin sensitive intracellular source. Expression of RI 

and RII subunits ECPKA is determined by intracellular 

signals that regulate growth. An increased level of RI 

alpha subunit causes an increase in expression level of 

ECPKA [44-47]. Still, in cancer patients a higher level 

of ECPKA has been found in comparison to normal 

subject [48,49]. For the time being there is only scarce 

data that 8-Cl-cAMP as a cAMP analogue goes 

through the cell membrane. What kind of biochemical 

reaction triggers 8-Cl-cAMP to activate ECPKA, and 

does this interaction have a role in inhibition of growth; 

reversal of differentiation or apoptosis in malignant 

transformed cell still has to be elucidated. 
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8-Cl-cAMP Combinational Therapy 

8-Cl-cAMP combinational [50] therapy through in 

vitro exploration, shows that 8-Cl-cAMP achieves LC50 

levels after 72h incubation and these results have been 

achieved in various number of malignant cell lines [50-

53]. Still, a number of investigations have been done to 

stimulate 8-Cl-cAMP to achieve better cytotoxicity of 

other antitumor agents. 8-Cl-cAMP used in 

concentrations that hasn’t achieved any effects has 

elevated the cytotoxic activity of cisplatine and 

paclitaxel on a number of in vitro models including cell 

lines of breast carcinoma, carcinoma of the lungs, 

melanoma, colorectal and carcinoma of the head and 

neck. A similar but less effect 8-Cl-cAMP has achieved 

in the combination with cisplatin [54]. New 

investigations have tried combination of 8-Cl-cAMP 

with tiazofurin and sulfinosine [55-57]. With paclitaxel 

8-Cl-cAMP has potentate’s antitumor activity of 

paclitaxel on different cultures of human carcinoma of 

ovaries [58]. Also, very nice expression of antitumor 

activity towards an in vivo melanoma model in C57 

mice has been achieved by combination of 8-Cl-cAMP 

and a taxane, docetaxel [59]. 

In vivo 8-Cl-cAMP as a solo therapy showed a good 

antitumor effect on the xenographts of colorectal 

carcinoma, breast, ovarian and pancreas carcinoma 

[1,3-6]. The rationale for combination therapy comes 

from the overall knowledge of the mechanisms from 

individual action of these substances, i.e. 8-Cl-cAMP 

and taxanes in which a crucial role in synergistic action 

plays PKA. 

The activity of PKA II is based on a dependent 

relationship with anchoring proteins or AKAP. 

Anchoring proteins are controllably expressed on the 

membranes of organelles. So only when PKA II is 

attached to them a opening is placed for cAMP. This 

way the expression of PKA II is expressed by the 

concentration of cAMP in the vicinity of this 

environment. One of the cloned anchoring proteins is 

expressed at the centromeres in eukaryote cells, so 

alteration of normal functioning of tubulin polymers 

conditions the activation of the PKA II enzyme. This 

way activated PKA II phosphorylates bcl-2 protein 

which is defined as one of crucial factors in the 

proapoptotic action of antitumor agents with 

antitubuline activity, including taxanes [60-62]. One the 

other side it was thought that PKA I enzyme was free in 

the cytoplasm, so that the regulation of its activity is 

solely based on the concentration of cAMP in 

subcellular region. PKA I is concentrated and 

connected to the microtubules in all phases of the cell 

cycle, and this enzyme has multiple roles in the 

regulation of the dynamic instability of microtubules 

and/or there regulatory complexes during the process 

of mitosis [63]. At the same time, it has been showed 

that the activation of PKA I leads to phosphorylation 

and partial degradation of stathmines [64]. Stathmines 

are regulators of micrtubule dynamics and exert there 

activity in contrast to the stability activity of MAP, so 

that statmine phosphorylation tends to enhance the 

process of tubule polymeraization [65]. Because of its 

greater affinity towards PKA, 8-Cl-cAMP brings a 

massive activation of this enzyme. The release of the 

catalytic subunits from 8-Cl-cAMP phosphorylates 

stathmin which brings an increase in tubulin 

polymerization. This situation is ideal for taxanes 

because these agents only react to polymerized 

tubuline. Except stathmin, PKA I phosphorylates raf-1 

[60] which is another route to stimulate the group of 

taxanes. On the other hand, the compromised activity 

of microtubules activates enzyme PKA II which is 

located on the centromeres with a consequence of bcl-

2 phosphorylation. 

CONCLUSION 

Clinical experience of 8-Cl-cAMP has been a result 

from three phases of clinical studies I, where a defined 

maximum tolerated dose has been defined MTD and 

dose limit toxicity DLT [66-68]. From the registered 

unwanted negative adverse effects of 8-Cl-cAMP the 

only important results is the finding of a increase in 

serum Ca (free) and consequently nephrotoxicity which 

can be readily regulated by supportive therapy. This 

profile of 8-Cl-cAMP is especially beneficial for 

combinational therapies with other cytotoxic agents, as 

it does not increase their myelotoxic effects that is one 

of the main problems of combinational therapy in 

oncology. Still, 25 years later cAMP analogues are 

present in a state of ambiguity, one is that they haven’t 

found there way to therapy and the other is that there 

promising properties still accelerate researchers to 

further investigate this biological tool for the 

investigation of cell proliferation and differentiation thus 

broadening and bearing the idea of biomulation to the 

cancer research community.  
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