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Histamine and HDC

Histamine is a biogenic amine that is released throughout 
the entire body of an organism via paracrine and/or 
autocrine mechanisms (1-5). Recent studies have shown 
that the highest concentration of histamine is present in 
the stomach, lymph nodes, and thymus (6). The lowest 

concentrations of histamine are found in the brain, liver, 
lung, and intestines (6). It is known that histamine is induced 
and readily made available in rapidly growing tissues (7). 
Within these tissues, intracellular histamine is released from 
mast cells, basophils and other types of cells (8,9). Histamine 
can also be catalyzed from L-histidine by the enzyme 
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L-histidine decarboxylase (HDC) (10,11). HDC is able to 
regulate various physiological and pathological responses, 
and it is mainly found in the mast cells, skin cells, platelets, 
basophils, immature myeloid cells (IMC’s) and gastric 
enterochromaffin-like (ECL) cells (12,13). Studies have 
shown that HDC is expressed in neuroendocrine tumors, 
most malignant cell lines and experimental tumors (10,14). 
In rat hypothalamus and lung samples, there is evidence 
that HDC is activated by protein kinase A (12,15). Another 
study has demonstrated how the effects of the HDC enzyme 
activity can be regulated through its phosphorylation 
(12,16). The peptide hormone, gastrin, transcriptionally 
regulates HDC activity, but the possibility of HDC 
activation through post-translational modifications by other 
proteins is conceivable as well (12). In adult animals, HDC 
is detected in the liver, corpus and pancreas, with the liver 
containing the highest concentration and the gastric corpus 
and pancreas containing the lowest concentration of this 
enzyme (12).

Histamine receptor action

Histamine is an important pleiotropic chemical that 
regulates various pathophysiological functions such as 
cellular invasion, migration, differentiation, apoptosis, 
angiogenesis, and different immune responses (1,12,17). 
Histamine mediates these different cellular responses 
through its receptors, H1-H4HR, and the expression of 
these different receptors can be altered in multiple diseases, 
and varies between different types of tissues (18,19). 
H1HR is a G-protein coupled receptor that exhibits 
its effects through the activation of Gαq, a subfamily of 
heterotameric G-proteins (20,21). After activating a Gαq 
protein the IP3/Ca2+ cascade mechanism is then activated 
and is able to exert its effects (20,21). H1HR has been 
located in the brain, smooth muscle, gastrointestinal tract, 
endothelial cells, and lymphocytes (4,22). Functions of 
H1HR, dependent on location, include smooth muscle 
contractions, changes in vascular permeability, increase in 
heart rate, increase in nasal mucus production, widened 
pulse pressure, and T-cell neutrophil and eosinophil 
chemotaxis (4,23-26). H2HR activates Gαs that stimulates 
cAMP, which leads to different downstream cascade 
effects (20). H2HR has been found in areas of the brain, 
gastric cells, and cardiac tissue (4,20,27,28). Actions of 
H2HR consist of increases in venular permeability, increase 
in gastric acid secretion, airway mucus production, and 
inhibition of neutrophil and eosinophil influx (29,30). The 

role of the H3HR signaling transduction pathways still 
remains undefined, and their downstream effects are largely 
up for speculation (4,31-33). Some research into the notion 
that H3HR inhibits adenylyl cyclase activity in different 
cells and tissues have all failed, which leads to the assumption 
that H3HR preferentially couples to Gαi/o proteins (4,32,33). 
H3HR has been located in the brain and endocrine cells in 
the gastrointestinal (GI) mucosa (31,34). H4HR signaling 
studied in transfected H4HR transfected cells has shown 
that its activation will inactivate cAMP production 
through adenylyl cyclase, and it has been postulated that 
this is achieved through the involvement of Gαi/o proteins 
(35-38). H4HRs are found within the GI tract, epithelial 
cells, and at low levels in immune cells (1,19). This receptor 
has experimentally proven to modulate Th2 responses, act 
as a chemoattractant for mouse bone marrow derived mast 
cells, changes in Ca2+ influx, and decreases the amount of 
infiltration of eosinophils and lymphocytes in mice lung 
inflammation (39,40).

Development of cancer

The growth and development of tumors in humans is a 
multistep process that arises from various genetic and 
epigenetic alterations that transform normal cells into 
malignant cells (14). Multiple molecules are known to 
be a factor in tumorigenesis, but one of the most studied 
molecules is histamine (14,41,42). Research has shown that 
abnormal inflammatory responses, mainly persistent ones, 
promote invasion, formation, progression and angiogenic 
activity of some tumors (14). Developments of these 
cancerous processes are mostly seen in tissues adjacent to 
areas of prolonged inflammation (14). Histamine can have 
different effects on cancerous cells depending on the tumor 
cell features (43). In some cases histamine has shown to 
increase cell proliferation and tumor growth (18,43). These 
instances show histamine as being either an autocrine or 
paracrine growth factor that stimulates the proliferation rate 
of various normal and malignant tissues (43,44). Decreases 
in cellular proliferation and antitumor responses can also 
be regulated through histamines downstream effects (7). 
Histamine released by mast cells is commonly known to 
induce tumor proliferation and immunosuppression through 
the expression patterns of its assorted histamine receptors 
(45,46). Many human cell lines derived from neoplasias, 
and some tumoral tissues as well, express numerous 
histamine receptors that aid in cellular proliferation, 
findings demonstrating the ability for histamine to act as a 
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growth factor (14,44,47-51). Some research has shown that 
these different histamine receptors are expressed in various 
malignant cell types (43,48). 

Mast cells

Mast cells are an important component of the tumor 
microenvironment where it has a complex role that is 
still being elucidated (45). Mast cells have been proven 
to promote cancer growth through angiogenesis, tissue 
remodeling, and manipulation of immune responses; these 
processes can be mediated by protease-activated receptors, 
mitogen activated protein kinases, prostaglandins, and 
histamine (45). Mast cells have also shown to exert 
anticancer actions such as growth inhibition, immunologic 
stimulation, inhibition of apoptosis, and decrease in cell 
mobility (45). Mediators released by mast cells have proven 
to induce either pro-cancer or anti-cancer effects dependent 
on their concentration, present cofactors, and location of 
where they are being secreted (45). Just like histamine, 
mast cells can play different roles in different cancer cells 
depending on tumor cell features (43). Presence and 
concentration of HDC in tumors can also have an effect on 
tumor growth (12,48). When stimulated, HDC has shown 
to contribute to growth and proliferation (12,48). HDC 
over expression has been shown in various forms of cancer 
such as colon, breast, stomach, and lung (7). This over 
expression of HDC then increases the amount of cellular 
histamine, which can lead to pro-proliferative effects (7,14). 
Inhibition of HDC in rodent tumor samples has resulted in 
antitumor responses (14).

Gastric cancer

Gastric cancer is the most common cause of cancer related 
deaths around the world with an average 700,000 deaths a 
year (52,53). The amount of patients diagnosed with gastric 
adenocarcinoma has decreased in the past decade, but it 
is still a devastating form of cancer that requires future 
research (54-56). Gastric cancer tends to form sporadically, 
but environmental factors such as smoking, alcohol 
consumption, and dietary habits can lead to the eventual 
development of cancerous cells (52). It has been demonstrated 
that some stomach diseases, such as gastric epithelial dysplasia, 
can act as precursors to gastric cancer (57). There is evidence 
that some human gastric cancer cell lines are stimulated 
by histamine (58). Experimental evidence has proven that 
this histamine is synthesized by and released from ECL 

(enterochromaffin-like) cells (12,59). ECL cells will release 
histamine in response to acute gastrin stimulation that 
eventually leads to depletion of histamine within ECL cells 
(12,60,61). This stimulation will lead to the proliferation 
of ECL cells, which can lead to ECL cell hyperplasia and 
eventually ECL cell carcinoid tumors. HDC also acts as an 
intermediary response during this time to help replenish 
the histamine levels (12). Generally HDC can be found in 
high levels in gastric ECL, and in gastric adenocarcinoma 
it is regulated by gastrin via a protein kinase C dependent 
pathway (12). It has been shown that the HDC enzyme can 
be found in the stomach, and that its expression can help 
aid in stomach growth and development (12). The same 
experiment also proved that HDC expression is increased 
in gastric diseases such as hypergastrinemia (12). A recent 
study has shown that HDC positive cells are found in the 
gastric mucosa of normal gastric tissue (54). The ability 
to decrease histamine levels through the inhibition of 
histamine receptors may prove to be an effective method 
for blocking the growth of cancer cells in the stomach 
(1,55). When H2HR is stimulated by histamine in gastric 
carcinomas it has downstream effects that lead to the release 
of cAMP (58). The release of cAMP in high concentrations 
promotes the growth of gastric adenocarcinoma (62). 
Experiments have proven that the inhibition of H2HR by 
certain H2HR antagonists increases apoptosis in cancer 
cells (55). H4HR binding of its ligands leads to protective 
effects in experimental models of gastric mucosal damage, 
so this seems as if H4HR binding of histamine could lead 
to pro-cancer responses (1). One study has verified the 
fact that tumor-bearing animals exhibit increases in HDC 
mRNA and histamine concentration in the stomachs 
oxyntic mucosa (61). Although its been confirmed that the 
growth of gastric cancer develops through cAMP activation, 
which is mediated through the binding of histamine to its 
receptors, the exact pathobiology of gastric cancer is far 
from known and still requires extensive research (57). 

Pancreatic cancer

Pancreatic carcinoma is a destructive form of cancer with 
a poor prognosis, being the fourth leading cause of cancer 
with an overall survival rate of five years (63-65). The causes 
of pancreatic cancer include the activation of oncogenes, 
inactivation of tumor suppressor genes, the deregulation 
of specific signaling pathways, hereditary pancreatitis, 
and tobacco smoking (63,66,67). In a cell line derived 
from human ductal pancreatic carcinoma it was shown 



218 Kennedy et al. Histamine and GI cancers

© AME Publishing Company. All rights reserved. Transl Gastrointest Cancer 2012;1(3):215-227www.amepc.org/tgc

that clonogenic growth was inhibited by histamine levels 
higher than 1 μmol·L-1 through H1HR and H2HR, but was 
stimulated by nanomolar doses of histamine (1,44,68). Anti-
proliferation is induced by H2HR through G0/G1 phase 
arrest, decrease in phosphoactivated ERK1/ERK2, increase 
in phosphoactivated P38 expression, and modifications 
of the Bcl-2 family proteins (1,69). The H1HR receptor 
has also been shown to play a role in clonogenic growth 
inhibition (44). Partial cell differentiation has been 
associated with this growth inhibition, but the role of 
apoptosis is not significant in this anti-proliferative action 
(1,44,70). Recent studies have proven that H3HR and 
H4HR have a role in pancreatic carcinoma cell growth 
as well (1,24,44). Data suggests that H3HR increases 
proliferation through regulation of the cell cycle in normal 
and tumoral epithelial tissues (44,50,71). On the other 
hand, stimulation of H4HR in pancreatic cancer has proven 
to have a proliferative effect on tumoral cell growth (44,72). 
Notably, HDC over expression has been seen in neoplastic 
pancreatic cancers (10,14,42). One study has indicated that 
a majority of pancreatic endocrine tumors express HDC as 
well (10). 

Colorectal cancer
 

Colorectal cancer (CRC) is one of the leading and most 
devastating forms of cancer-related deaths worldwide 
(1,73). In 2005, there were one million diagnosed cases of 

colorectal cancer over a 3-year diagnoses period (53). The 
development of colonic adenomas and carcinomas is caused 
by genetic and molecular alterations that can be induced 
by external and environmental factors, inflammatory bowel 
diseases, obesity, and alcohol consumption (74). When 
studying human colon tumors a high concentration of 
histamine was detected in the tumors as opposed to the 
surrounding tissues (1). CRC tumors contain abundant 
amounts of T-regulatory cells (Treg) and mast cells (75). In 
these tumors Treg shuts down IL10 and starts to express 
IL17; which promotes the expansion and degranulation 
of mast cells in the area, causing the release of histamine 
and other chemicals (75). It has also been shown that the 
absence or down regulation of HDC, through inhibition 
of mature myeloid cells or hypermethylation of the HDC 
promoter, has been experimentally proven to yield a 
higher rate of colon carcinogenesis (13). Correspondingly, 
patients with colonic adenomas have been shown to have 
down regulation of the amount of histamine catabolism 
in their colonic mucosa (76). Mice that contain HDC 
deficient immature myeloid cells (IMC’s) promoted the 
growth of tumor allografts; consequently, IMC’s that 
acquire exogenous histamine are differentiated and can 
suppress their ability to grow tumor allografts (13). These 
experiments demonstrated the vital role that histamine 
and HDC expression play myeloid cell differentiation, and 
the role of IMC’s in the development of early cancer (13). 
Figure 1 shows the number of colonic tumor numbers and 

Figure 1 A. Macroscopic appearance of colorectal tumors from wild type and Hdc−/− mice. Hdc−/− mice and wild type mice (both male Balb/c 
background) were injected with a single dose of AOM followed by DSS in the drinking water for 10 days. Fifteen weeks post DSS treatment 
more large colonic tumors were observed in the distal colon and rectum of Hdc−/− mice; B. The number of large and small colorectal tumors 
in Hdc−/− mice versus wild type mice (*P<0.05; Mean ± SD. n=8, each group); C. Representative hematoxylin-eosin stained colonic tumor 
sections from wild type and Hdc−/− mice (Scale bar, 50 μm). Reprinted with permission from Yang et al., Nature Medicine 2011; 17(1):87-95
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demonstrates that, after loss of HDC, there is a significant 
increase in the number of both small and large colon 
tumors (Reprinted with permission from Yang et al. Nature 
Medicine 2011;17:87-95). Aside from lack of HDC, CRC 
tissues generally show abnormalities in H4HR expression (46). 
The over expression of H4HR combined with exposure to 
histamine has proven to cause growth arrest in CRC, and 
H4HR stimulation promotes CRC cellular apoptosis (46). 
Neoplastic samples contain decreased levels of H4HR 
compared to the amount detected in normal colon tissue 
samples, leading to the hypothesis that H4HR is involved in 
colon carcinogenesis (1). Aside from HRH4, it has also been 
experimentally verified that inhibition of H2HR through 
binding of certain antagonists’ increases the survival of 
patients with CRC (55,77-79). In some cases, this binding 
of H2HR to its antagonist seems to inhibit cell proliferation 
and will induce apoptosis in vitro (55,80). 

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in the world with 598,000 deaths 
over a three-year diagnosis (53,81). Possible factors that 
give rise to the development of HCC are oxidative stress, 
chronic inflammation, hepatitis, alcohol abuse, and liver 
cirrhosis (81). In an experiment with two different HCC 
cell lines it was shown that stimulation via histamine could 
induce varying effects on the cancer cells by decreasing the 
amount of growth in one cell line but increasing the growth 
in the other (43,82). In the inhibited cell line it was shown 
that histamine controlled this effect through the down 
regulation of β-catenin, COX-2, and survivin expression in 
the cells (43). This down regulation worked in conjunction 
with the activation of caspase-3 and PARP cleavage to result 
in apoptotic responses in the cell line (43). This decrease in 
cellular proliferation and increase in apoptosis is possibly 
regulated by β-catenin, COX-2, and survivin through the 
activation of H1HR (43). In contrast, the other HCC cell 
line proliferated through histamine-induced up regulation 
of β-catenin and survivin expression (43). It is also possible 
that this regulation of β-catenin with survivin can act to 
increase cell survival through the activation of H2HR (43). 
In other hepatoma cell lines it has been demonstrated that 
histamine binding to H2HR can inhibit IL-6 binding to 
the cancer cells, which leads to less IL-6 expression and 
inhibition of cancer cell growth (83). Other studies have 
shown how H2HR antagonists can inhibit EGF-induced 
cellular proliferation and migration in HCC cell lines by 

decreasing cAMP concentration, and it can reduce liver 
metastasis by activating selectins in liver sinusoids (82,84,85). 
Aside from H2HR expression, intrahepatic and extrahepatic 
cell lines express H3HR as well (47,86). Experimentation has 
proven that H3HR agonist can decrease tumor growth and 
expression of VEGF and its receptors in vivo (86). Another 
hepatoma cell line showed that the binding of histamine 
to H3HR lead to antiproliferative effects, whereas H3HR 
antagonists increased cellular proliferation (47). This is 
evidence for an auto inhibitory H3HR in some hepatoma 
cell lines (47). The same hepatoma cell line showed an 
increase in HDC expression along with an increase in 
histamine synthesis (47). There was also a submicromolar 
extracellular histamine concentration along with a low 
intracellular histamine concentration indicating that the 
histamine is completely secreted from these hepatoma cells 
into the external medium (47,87). From this study we can 
conclude that histamine secreted from these hepatoma 
cells along with exogenous histamine can down regulate 
the proliferation of tumor-derived cell lines through its 
interaction with the auto inhibitory H3HR (47). 

Apart from histamine, mast cells can have different roles 
in HCC depending on tumor cell features (43). Compared 
to normal cell lines, liver carcinoma shows an accumulation 
of mast cells demonstrating its role in tumor immunology 
(43,88). Mast cell concentration has proven to increase 
during carcinogenesis in HCC signifying its role in liver 
fibrosis and tumor immunology (88). Little is known about 
the direct relationship between mast cells and liver tumor 
growth, but there is evidence that tumor-associated mast 
cell accumulation can promote tumor growth and metastasis 
in certain conditions (43,89).

Hepatobiliary growth 

Our last section will discuss the role of histamine and 
histamine receptors on cholangiocarcinoma regulation, 
but first we will give a brief background on biliary growth, 
as it is the growth of the biliary tree that can lead to 
cholangiocarcinoma. When bile is secreted from the liver (at 
the bile canaliculus) it travels down a pathway known as the 
biliary tree (90-92). The biliary tree is a three-dimensional 
structure comprised of different sized ducts, recognized 
as small and large ducts, which are lined by epithelial 
cells called cholangiocytes, also known as small and large 
cholangiocytes (90-92). Cholangiocytes are cuboidal groups 
of heterogeneous cells that branch from either the small or 
large bile ducts of the biliary tree (90-94). Cholangiocytes 
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function to modify the biliary tree, release bile from the 
liver, and transport bile acids (93-98). Hormones that exert 
their effects via the cAMP pathway regulate the secretion of 
bile from cholangiocytes, and generally this function is used 

during pathogenesis of cholestatic liver diseases such as 
primary biliary cirrhosis and primary sclerosing cholangitis 
(93,99). These cholangiocytes are typically dormant but 
will start to proliferate in response to specific stimuli such 

Figure 2 The top panel depicts the known signaling pathways of histamine and histamine receptors during normal and pathological 
conditions and the bottom panel describes signaling events during cholangiocarcinoma regulation (Reprinted with permission from Francis 
et al. Journal of Hepatology 2012;56:1204-6)
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as neuroendocrine factors, gastrointestinal hormones, and 
autocrine or paracrine signaling mechanisms (93,100-103). 
The proliferation of cholangiocytes is vital for maintaining 
the equilibrium of the biliary tree and cholangiopathies 
are the result of the biliary tree causing a loss of 
proliferative responses and an increase in apoptosis of the 
cholangiocytes (104). For this reason the proliferation 
of cholangiocytes occurs when there is some kind of 
liver damage or disease; such as chronic cholestatic liver 
diseases, partial hepatectomy, and extrahepatic bile duct 
obstruction induced by bile duct ligation (BDL) (104-108). 
Cholangiocyte proliferation allows for the compensation 
for any loss of cholangiocytes due to apoptosis, slow the 
progression of injury, and restoration of bile mass (109,110). 
These restoring responses have different pathways and 
functions in small and large cholangiocytes that are 
mediated through the binding of histamine or other agonists 
to H1HR, H2HR, H3HR, and H4HR (20,48,105,111). 
The actions mediated by these histamine receptors are vital 
for the regulation of hyperplastic and neoplastic growth 
of the biliary epithelium, and helps to play a role in the 
initiation and progression of liver fibrosis (20,48,105,111). 
It has been shown that activation of H1HR and H2HR 
promote growth of cholangiocytes, while H3HR and 
H4HR inhibit growth (20,48,105,111,112). Specifically, 
experiments have demonstrated how the binding of agonists 
to H1HR leads to small cholangiocyte proliferation 
through the activation of an IP3/Ca2+ dependent CaMK/
CREB pathway (111). The activation of H3HR leads to the 
inhibition of large cholangiocyte growth in BDL rats by 
downregulating cAMP dependent PKA/ERK1/2/Ets-like 
gene-1 pathway (105). Small cholangiocytes can proliferate 
in conditions typical of those seen during large cholangiocyte 
damage (111,113,114). Figure 2 (top panel) depicts the known 
signaling pathways of histamine and histamine receptors 
during normal and pathological conditions (Reprinted with 
permission from Francis et al. J Hepatol 2012;56:1204-6). 

Cholangiocarcinoma
 

Cholangiocarcinoma (CCA) is a very rare malignancy seen 
in the tracts of the biliary tree and is caused by transformed 
epithelial cells (115-117). Often patients are diagnosed 
with CCA too late since it is hard to treat and difficult to 
distinguish from HCC (115,117,118). Even though CCA 
is not frequently diagnosed the rates of cases have risen 
worldwide over the past few decades (119,120). Forms of 
CCA can be either intrahepatic or extrahepatic and can 

form in any area of the biliary tree (117,119,120). CCA 
risk factors include biliary tract inflammation, liver flukes, 
hepatitis B and C, diabetes, liver cirrhosis, and other chronic 
liver diseases (121,122). We have recently shown that long-
term treatment of CCA with histamine increases VEGF 
expression and proliferation (48,82). This proves the trophic 
effects of histamine on CCA, but the binding of histamine 
to its receptors can have different effects on proliferation 
(48,82). In the study by Francis et al. expression of H1-
H4HR was found in numerous CCA cell lines, with an up 
regulation of H3HR. This study also showed that binding of 
H1HR to its antagonists leads to a decrease in CCA growth 
and an increase in apoptosis in vitro, whereas binding of 
H2HR to its antagonist has no effect on CCA cell lines 
(48,82). H3HR binding to its agonist have shown to activate 
the PKCα-dependent pathway, leading to inhibition of CCA 
growth in vitro and in vivo (86). This study demonstrates 
that H3HR signals via Gαο and induces an increase in 
intracellular IP3 but not cAMP signaling (86). The 
antiproliferative effects induced by H3HR also decreased 
VEGFA/C and VEGF-R2/3 expression, demonstrating 
that H3HR is a possible inhibitor of angiogenesis. 
This antiproliferative effect of H3HR works in CCA 
growth but has no effect on normal cholangiocytes (86). 
Decreases in CCA growth and invasion have proven to 
be mediated by some H3HR agonists and H4HR agonists 
through integrin modulated effects (48,82,86,112). Using 
an H4HR agonist, clobenpropit, Meng et al. human CCA 
metastasis potential and growth (both in vitro and in vivo) 
were inhibited and epithelial to mesenchymal transition 
was also blocked after treatment with clobenpropit (112). 
The effects of clobenpropit were mediated via a Ca2+-
dependent mechanism and altered morphological 
development and invasion (112). Figure 2 (bottom panel) 
depicts the known signaling pathways of histamine and 
histamine receptors during cholangiocarcinoma growth 
(Reprinted with permission from Francis et al. J Hepatol 
2012;56:1204-6). In a recent study, Francis et al. found that 
HDC is overexpressed in human cholangiocarcinoma when 
compared to normal tissues and cells. This study found that 
inhibition of HDC (both pharmacologically and genetically) 
inhibited the growth of cholangiocarcinoma in both cell 
cultures and in animal tumor models (48). Inhibition of 
HDC also significantly decreased VEGF expression in 
vitro and in vivo, but did not alter normal cholangiocyte 
growth (48) suggesting that this could be a favorable 
therapy for the treatment of human cholangiocarcinoma. 
We refer the reader to Figure 3 that demonstrates that after 
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HDC knockdown in cholangiocarcinoma cells (Mz-HDC), 
xenograft tumor development was significantly inhibited 
when compared to the tumors containing normal levels of 
HDC (Mz-neg). Further, in tumor sections extracted from 
the animal model (that contain 99% cholangiocarcinoma 
cells), Francis et al. found that both proliferating cellular 
nuclear antigen and HDC expression were significantly 
decreased in the HDC knockdown transfected tumors (Mz-
HDC) (Reprinted with permission from Francis et al. Gut, 
2012;61:753-64.). 

Concluding remarks

A s  d e m o n s t r a t e d  t h r o u g h o u t  t h i s  r e v i e w  t h e 
neurotransmitter,  histamine,  regulates  numerous 
physiological responses within an organism. These 
various effects can be modulated through the binding of 
histamine to its receptors (H1-H4HR). Dependent on 
cell features and the microenvironment this binding can 
either be beneficial or detrimental to the cell in terms of 
growth. Histamine within cancerous cells can have varying 
responses such as increases or decreases in proliferation and 
angiogenesis. These different responses and their pathways 
require further investigation that could be used to help 
better describe their effects in certain malignancies. Since 
histamine has four receptors through which it can exert 
numerous reactions it is essential that future studies on the 
histamine receptors agonists and antagonists be performed. 
Tapping into the resourcefulness of these agonists and 
antagonists can be beneficial in terms of therapeutics. 
Understanding the specifics of different cancers, such 
as certain proteins expressed, chemicals that can bind to 
receptors on the cancerous cells, and different pathways 
utilized, can open up a multitude of options for types of 
cancer screenings, anti-cancer drugs, therapeutics and 
cancer prevention. 
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