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1  |  INTRODUCTION

Over the past few years, cancer research has made great 
strides toward discovering novel therapeutic targets; how-
ever, nowadays, cancer is classified as one of the most life- 
threatening disease diseases at a global scale and there is a 
long road ahead of us for entirely defeating it. In addition 
to the conventional therapeutic options, particularly che-
mo-  and radiotherapy, a number of newly established alter-
natives, including immunotherapy, targeted therapy using 
nanomedicine, and targeting noncoding RNAs (ncRNAs) 

(Madni et al.,  2017; Mollaei et al.,  2019; Yang,  2015). In 
this regard, natural products, especially flavonoids have 
been extensively studied on different kinds of cancer in 
recent years (Giordano & Tommonaro, 2019).

Colorectal cancer (CRC) is the third most prevalent 
cancer in relation to incidence and mortality rate (Bray 
et al., 2018) and its incidence is considerably increasing an-
nually due to the change in the dietary habit and lifestyle 
of the world population (Aquina et al., 2017). In general, 
CRC is categorized into three classes, including sporadic, 
inflammation- dependent, and familial CRC based on their 

Received: 9 July 2022 | Revised: 20 September 2022 | Accepted: 21 September 2022

DOI: 10.14814/phy2.15488  

R E V I E W

Kaempferol: A potential agent in the prevention of 
colorectal cancer

Hamid Reza Nejabati  |   Leila Roshangar

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2022 The Authors. Physiological Reports published by Wiley Periodicals LLC on behalf of The Physiological Society and the American Physiological Society.

Stem Cell Research Center, Tabriz 
University of Medical Sciences, Tabriz, 
Iran

Correspondence
Leila Roshangar, Stem Cell Research 
Center, Tabriz University of Medical 
Sciences, Tabriz, Iran.
Email: lroshangar@yahoo.com

Abstract
Colorectal cancer (CRC) is the third most prevalent cancer in relation to incidence 
and mortality rate and its incidence is considerably increasing annually due to 
the change in the dietary habit and lifestyle of the world population. Although 
conventional therapeutic options, such as surgery, chemo-  and radiotherapy have 
profound impacts on the treatment of CRC, dietary therapeutic agents, particu-
larly natural products have been regarded as the safest alternatives for the treat-
ment of CRC. Kaempferol (KMP), a naturally derived flavonol, has been shown to 
reduce the production of reactive oxygen species (ROS), such as superoxide ions, 
hydroxyl radicals, and reactive nitrogen species (RNS), especially peroxynitrite. 
Furthermore, this flavonol inhibits xanthine oxidase (XO) activity and increases 
the activities of catalase, heme oxygenase- 1 (HO), and superoxide dismutase 
(SOD) in a wide range of cancer and non- cancer cells. Based on several studies, 
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molecular mechanisms of tumor formation and progres-
sion (Narayan & Roy,  2003; Roncucci & Mariani,  2015) 
among which sporadic CRC has the highest prevalence 
(nearly 75 percent) (Yamagishi et al., 2016). Chronic in-
flammation contributes greatly to tumorigenesis of the 
inflammation- dependent CRC which occurs in patients 
with inflammatory bowel disease (IBD) (Grivennikov 
& Cominelli,  2016; Issa & Noureddine,  2017). Although 
conventional therapeutic options, such as surgery, chemo-  
and radiotherapy have profound impacts on the treatment 
of CRC, drug resistance and toxicities remain as immense 
challenges. Therefore, dietary therapeutic agents, partic-
ularly natural products may have been regarded as the 
safest alternatives for the treatment of CRC, which could 
ameliorate the indications and life quality of patients with 
CRC (Akiyama et al., 2018; Bar- Shalom et al., 2019).

It is increasingly evident that dietary intake of fruit 
and vegetables, because of their bioactive compounds, has 
numerous beneficial health effects and has an active role 
in the prevention of pathological conditions, in particu-
lar cancer, diabetes, allergy, and cardiovascular disease 
(Ghosh et al.,  2014; Majeed et al.,  2021). Flavonoids are 
one of these most important compounds among poly-
phenolic secondary metabolites and nutrients which are 
further categorized into six subclasses as a result of their 
some extra modifications, including glycosylation and hy-
droxylation (Dai & Mumper, 2010; D'archivio et al., 2007). 
Flavonols, the most popular flavonoids in plant food, are 
the main subgroup of flavonoids that have appealing bio-
logical roles, especially their antioxidative, antibacterial, 
anti- inflammatory, and anticancer functions (Bangar 
et al., 2022).

Kaempferol (KMP), a naturally derived flavonol, re-
duces the production of Reactive Oxygen Species (ROS), 
such as superoxide ions, hydroxyl radical, and Reactive 
Nitrogen Species (RNS), especially peroxynitrite (Wang 
et al., 2006). It is highlighted that the activities of xanthine 
oxidase (XO) (Li et al.,  2021), heme oxygenase- 1 (HO) 
(Gamage et al.,  2022), and superoxide dismutase (SOD) 
are highly associated with the development and progres-
sion of CRC. KMP has been shown to inhibit XO activ-
ity and increases the activities of catalase, HO, and SOD 
(Heijnen et al., 2001; Klaunig & Kamendulis, 2004) in a 
wide range of cancer and non- cancer cells. While the pro-
moting effects of KMP on the levels of SOD in a rat model 
of CRC were reported (Nirmala & Ramanathan, 2011), it 
has yet to be known the exact effects of KMP on the ac-
tivities of HO- 1 and XO in CRC. Based on several stud-
ies, KMP is a hopeful anticancer agent (Alam et al., 2020; 
Rajendran et al.,  2014) which carries out its anticancer 
action via suppression of angiogenesis, stimulation of 
apoptosis, and cell cycle arrest (Huang et al., 2013; Kang 
et al., 2010). Due to the various application of KMP as an 

anticancer flavonol, this review article aims to highlight 
the current knowledge regarding the role of KMP in CRC.

2  |  KMP

2.1 | Chemistry of KMP

KMP (3,4′,5,7- tetrahydroxyflavone), also well- known as 
indigo yellow, is a nutritional compound that is amply 
present in a broad range of plants, including Delphinium, 
Camellia, berberis, Citrus, Equisetum spp, Sophora ja-
ponica, and fruits or vegetables, such as teas, cabbage, 
broccoli, apples, grapes, citrus fruits, strawberries, beans, 
tomatoes, and onions (Bangar et al.,  2022; Imran, Rauf, 
et al., 2019; Imran, Salehi, et al., 2019). The presence of 
phenolic compounds in the chemical structure of the 
above- mentioned nutrients has been connected to their 
therapeutic capacities, especially their antioxidant activ-
ity (Bangar et al.,  2022). The presence of a connection 
between molecular structure and pharmacological activ-
ity always manifests noteworthy information. KMP has 
been the subject of various empirical and theoretical re-
search among several compounds (Bangar et al.,  2022). 
The biological activities of polyphenols stem largely from 
their molecular shape and relative spatial orientation of 
phenolic rings and hydroxyl groups. Therefore, the exact 
identification of molecular geometry is immensely essen-
tial for clarifying the mechanism underlying the actions of 
natural antioxidants (Bangar et al., 2022).

2.2 | Biosynthesis of KMP

KMP, which presents as diphenyl propane conformation 
(C6- C3- C6), is generated with the assistance of multiple 
enzymes (Bangar et al., 2022) (Figure 1). Firstly, phenyla-
lanine is converted to 4- coumaroyl- coenzyme A (CoA) via 
the participation of phenylalanine ammonia- lyase (PAL), 
cinnamic acid 4- hydroxylase (C4H1), and 4- coumaroyl 
CoA- ligase (4CL). The result of the reaction between three 
molecules of malonyl CoA acquired from the first metabo-
lism plus one molecule of 4- coumaroryl- CoA, catalyzed by 
chalcone synthase (CHS), is the production of a flavonoid 
naringenin chalcone (Chen et al.,  2021), which is then 
isomerized into naringenin via chalcone isomerase (CHI) 
(Jones et al., 2016; Xiong et al., 2017). The addition of a 
hydroxyl group at the C3 position in naringenin through 
flavanone 3- hydroxylase (F3H), results in the formation of 
dihydrokaempferol. In the last phase, the introduction of a 
double bond at the C2- C3 position generates KMP via the 
action of flavonol synthase (FLS) (Duan et al., 2017; Malla 
et al., 2013). Sugar fractions, including glucose, galactose, 
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and rhamnose are commonly bound to KMP to form gly-
cosides, one of which is kaempferol- 3- O- glucoside, named 
astragalin (Pei et al., 2016).

2.3 | Metabolism and absorption of KMP

KMP shows lipophilic properties when existing in free form, 
while the glycosylated KMP exhibits lipophobic characteris-
tics due to its attaching to sugar portions (Jiang et al., 2015). 
The presence of hydroxyl groups in the structure of KMP 
makes it more likely to generate bonds with sugar fractions, ti-
tled O- glycosides. The most common sugar molecules, which 
are generally related to KMP, are glucose, galactose, arab-
inose, xylose, rhamnose, and rutinoside (Xiao et al., 2014).

The lipid solubility of flavonols has a critical role in 
its bioavailability. Because of the lipophilic character of 
KMP, the intestinal absorption of KMP can take place via 
passive or active transport (Crespy et al.,  2003). Both in 
vitro and in vivo studies have demonstrated that the ab-
sorbability of KMP glycosides is considerably poorer than 
those aglycones (Lehtonen et al., 2010). After intake of a 
KMP- rich diet, its aglycones and glycoside form are ab-
sorbed in various ways. Lipophilic aglycones travel unme-
tabolized via the gut and penetrate the enterocytes, from 
where they may either be metabolized before absorption 
or they could be immediately absorbed (Williamson 
et al., 2018). Aglycones metabolism occurs in two phases; 
the first one requires two procedures, in particular oxi-
dation, and O- demethylation. The second one comprises 
sulfation, glucuronidation, and methylation, which are 
mediated through multiple enzymes, such as sulfotrans-
ferases, uridine- 5- diphosphate glucuronosyltransferases, 
and catechol- O methyltransferases (Alvarez et al., 2010).

Lipophobic KMP glycosides should be turned into 
aglycone form, which is mediated by Lactase- phlorizin 

hydrolase (LPH), before absorption into the circulation 
system (Day et al., 1998; Németh et al., 2003). As an al-
ternative, the glycosides might also be hydrolyzed after 
conveying inside the enterocyte via sodium- dependent 
glucose transporter (SGLT 1) (Walgren et al., 2000). Thus, 
the produced aglycons could be passively transferred to 
the hepatic portal vein, or they may undergo metabolism 
to produce the simple forms, which are effortlessly ab-
sorbed into the hepatic portal vein through ATP- binding 
cassette (ABC) transporters (Williamson et al., 2018).

2.4 | Bioavailability of KMP

Oral delivery, the most common way of administering 
medication, is far higher useful, with lesser pain and risk 
of cross- infection than other administrating ways (Das & 
Chaudhury, 2011). For flavonoids, oral delivery is also ap-
proved as the chief delivery routine. Nevertheless, most 
flavonoids generally show poor oral bioavailability mainly 
coming from their limited solubility, which rigorously 
diminishes their potency as the therapeutic factor. For 
example, the double bond between positions 2 and 3 of 
flavonoids is flexible to generate the planar structures, re-
sulting in the stiff molecular organization, and then the 
solvent molecule is hard to enter their molecule struc-
tures (Chuang et al., 2017; Fukuhara et al., 2002). Thus, 
these alterations give rise to their low aqueous solubility 
and limited oral bioavailability. As an exemplification, the 
oral bioavailability of myricetin, a classic flavonol with a 
planar structure, in rats was estimated at approximately 
9.62%, due to its low aqueous solubility of 16.60 μg/ml 
(Dang et al., 2014; Yao et al., 2014).

Moreover, since the extra free hydroxyl groups are 
effortlessly glucuronidated and sulfated in intestine 
cells, the gastrointestinal absorbency is detrimentally 

F I G U R E  1  Biosynthetic pathway of 
Kaempferol.
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enhanced with some hydroxyl groups in a sub- group 
of flavonoids, which usually leads to their poor oral 
absorption (Fang et al.,  2017; Otake et al.,  2002; Tian 
et al., 2009). For example, the oral bioavailability of cate-
chin, a flavonoid mostly present in green tea, chocolate, 
and grapes, in rats was just 5%, which was attributed to 
its limited permeability owing to the 5 hydroxyl groups 
in its structure (Ezzat et al., 2019). Thus, to enhance the 
oral bioavailability of these flavonoids, increasing their 
saturation solubility and/or membrane permeability is 
needed. Besides, because of the hydroxyl and ketone 
groups and unsaturated double bonds, flavonoids are 
also susceptible to the various physical and physiolog-
ical environment effectors, which possibly results in 
corruption or bioprocessing during depot and systemic 
circulation, and therefore severely restricts their effec-
tiveness through oral absorption (Qiao et al., 2014; Xiang 
et al., 2017). Concerning these issues, it is necessary to 
suggest many useful strategies for the oral administra-
tion of flavonoids to surpass these hurdles to entirely 
utilize their therapeutic impacts.

In the past few decades, a growing number of ap-
proaches, such as salt formation, cocrystal formation, 
(Kawabata et al.,  2011), prodrug approaches (Stella & 
Nti- Addae,  2007), particle size reduction, complexation/
solubilization, drug dispersion in carriers (Leuner & 
Dressman, 2000; Wang et al., 2010) have been shown to 
boost the bioavailability of water- soluble drugs (see [Zhao 
et al., 2019]) for an overview.

Regarding the bioavailability of KMP, Cao et al. (2010) 
reported that an intake of 14.97 mg KMP per day rep-
resents a fasting plasma level of 57.86 nmol/L. It was 
shown that after intake of cooked endive including 9 mg 
of KMP, the main metabolite, which is identified in urine 
and plasma samples, was kaempferol- 3- glucuronide. 
Furthermore, the highest levels of KMP in plasma were 
0.1 μM after 5.8 h. Besides, almost 1.9% of total KMP was 
cleared from the body 24 h following the intake of the food 
(Dupont et al., 2004). In another study, two individuals re-
ceived 500 mg of broccoli comprising 2.5 mg of KMP per 
100 g for 12 days. The urine levels of glucuronide or sulfate 
conjugate of aglycones were 52– 78 ng/ml in these subjects 
(Nielsen et al.,  1997). In a study, seven participants fol-
lowing consumption of a cooked bean (Phaseolus vulgaris 
L.) diet revealed the highest excretion in urine after 2– 8 h 
(Bonetti et al., 2007).

3  |  ANTICANCER ROLE OF KMP

KMP has been shown to have a more powerful modu-
lating effect on a wide spectrum of cancer cell lines, 
such as HT29 (colon), MCF- 7 (breast), and BE2- C 

(neuroblastoma), than other potential agents, such as 
gallic acid (Pham et al.,  2018). According to the evi-
dence, KMP may regulate cancer development and 
progression via its antioxidative and anti- inflammatory 
actions as it restores redox hemostasis, suppresses the 
NF- κB signaling pathway, and enhances the Nrf2 path-
way. Based on epidemiological surveys, the dietary 
consumption of KMP is linked to a lower incidence of 
various kinds of cancer, including skin, liver, colon, 
ovary, pancreas, stomach, and bladder cancer (Imran, 
Salehi, et al.,  2019). The Summary of the therapeutic 
functions of KMP in CRC is listed in Table 1.

4  |  ANTI-  OXIDATIVE AND  
ANTI-  INFLAMMATORY ROLES OF 
KMP IN CRC

It is well- documented that KMP is regarded as a potent 
anti- inflammatory and antioxidant agent in a wide spec-
trum of diseases, particularly cancer (Bangar et al., 2022, 
Imran, Rauf, et al.,  2019, Imran, Salehi, et al.,  2019). In 
this regard, in Nirmala and Ramanathan  (2011) aimed 
to assess whether KMP has ameliorative effects on lipid 
peroxidation and antioxidant status in a rat model of CCR 
cancer. They indicated that oral administration of KMP 
decreased liver thiobarbituric acid reactive substances 
(TBARS), a byproduct of lipid peroxidation, and restored 
antioxidant enzymes including catalase, SOD, and glu-
tathione peroxidase (GPx). Therefore, their research 
showed that KMP may be harmlessly utilized as an anti-
cancer agent in CCR (Nirmala & Ramanathan, 2011).

In another in vivo study conducted by Hassanein 
et al. (2018), the anticancer impact of sulindac (SL) along 
with either epigallocatechin gallate (EGCG) or KMP was 
investigated in a rat model of CCR cancer. Their find-
ings revealed that the combination therapy of SL with 
KMP and EGCG has much greater antioxidant, anti- 
inflammatory, anti- proliferating, and apoptotic functions 
than SL alone. Such effective anticancer actions were 
carried out through the reduction of TBARS, tissue ni-
tric oxide (NO), serum, and tissue β- catenin, and multi-
plicity of aberrant crypt foci (ACF). Besides, this therapy 
diminishes the expression levels of proliferating cell nu-
clear antigen (PCNA) and cyclooxygenase- 2 (COX- 2). 
Hence, they suggested that the utilization of SL alongside 
KMP or EGCG could be more effective in the treatment 
of CCR cancer (Hassanein et al., 2018). The same group 
(Hassan et al., 2021) reported that using fluoxetine (FLX) 
along with KMP or EGCG boosted the antioxidant, anti- 
inflammatory and anti- proliferating actions as the anti- 
apoptotic activity of KMP was much greater than other 
agents (Hassan et al., 2021).
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5  |  KMP INDUCES THE 
APOPTOSIS OF CRC CELLS

If a cell's DNA is damaged, the activation of Ataxia tel-
angiectasia mutated (ATM) and ataxia telangiectasia and 
Rad3- related protein (ATR) is enhanced following bind-
ing double- strand breaks (DSBs) to the site of damage. 
Subsequently, ATM and ATR, as kinases, phosphorylate 
and activate P53, which successively suppresses the cell 
cycle by upregulating P21 (Abbas & Dutta, 2009; Maréchal 
& Zou, 2013). Apoptosis, the process of programmed cell 
death, will occur if the inhibition of the cell cycle by the 
abovementioned factors cannot tackle DNA damage be-
fore cell division. Indeed, apoptosis, the most significant 
obstacle to carcinogenesis, is mostly mediated by P53, 
which could raise the expression of proapoptotic factors 
including BCL2 associated x, apoptosis regulator (BAX), 
and BCL- 2 antagonist killer (BAK) (Amaral et al., 2010), 
both of which are responsible for the release of cytochrome 
C, activation of caspase cascade, and eventually apoptotic 
remains. Since the primary aim of chemotherapy medi-
cations is the stimulation of apoptosis, the major issue in 
almost all cancers, particularly CRC is the resilience to ap-
optosis because of p53 mutations.

Tumor necrosis factor- related apoptosis- inducing li-
gand (TRAIL), a potential anticancer factor, provokes 
apoptosis in different kinds of cancer cells, while it 
does not have such an effect in normal cells (Ashkenazi 
et al., 1999; Walczak et al., 1999). This agent engages par-
ticular pro- apoptotic receptors, such as death receptor 5 
(DR5 or TRAIL- R2) and (DR4 or TRAIL- R1) (Leblanc & 
Ashkenazi,  2003; Pan et al.,  1997; Sheridan et al.,  1997) 
as the formation of TRAIL- DR5 complex triggers the 
activation of caspase- 8 and caspase- 10 (Leblanc & 
Ashkenazi, 2003), and ultimately caspase- 3. Due to some 
reports regarding the resistance of some tumor types to 
TRAIL, it is urgent to elaborate useful strategies to surpass 
this problem. In this regard, Yoshida et al. (2008) reported 
that the induction of apoptosis is much higher in CRC cells 
following combined treatment of KMP and TRAIL than 
single treatment with TRAIL. Furthermore, KMP notice-
ably increased the expression of DR5 and DR4; however, 
only the silencing of DR5 via siRNA effectively hinders 
the induction of apoptosis after the combination therapy 
with KMP and TRAIL, demonstrating that KMP help to 
improve the functions of TRAIL possibly through the up-
regulation of DR5. Of note, this combination therapy did 
not show the stimulation of apoptosis in normal cells, par-
ticularly in normal human peripheral blood mononuclear 
cells. Therefore, they suggested that KMP could be helpful 
for TRAIL- based therapies for CRC (Yoshida et al., 2008).

Regarding the potential effects of KMP on apopto-
sis, Li et al. (2009) conducted a study aiming to evaluate B
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the anti- proliferation functions of KMP in the human 
HCT116 colon cancer cell line. Their findings showed that 
KMP stimulates p53- dependent inhibition of cell growth 
and apoptosis. Correspondingly, KMP provoked the re-
lease of cytochrome c from mitochondria, the cleavage of 
caspase- 3, and the phosphorylation of ATM in HCT116 
cells, indicating the potential of KMP as a candidate for 
CRC treatment and management (Li et al., 2009).

In another study conducted by Lee et al.  (2014), the 
possible mechanism underlying the anti- apoptotic effects 
of KMP was reported in the human colorectal adenocar-
cinoma cell line (HT- 29). They found that KMP enhances 
mitochondrial membrane permeability, cytosolic levels of 
cytochrome c, DNA fragmentation, chromatin condensa-
tion, and the number of early apoptotic cells. Besides, it in-
creased the expression of caspase- 9, caspase- 3, caspase- 7, 
bcl2 associated agonist of cell death (BAD), Fas cell surface 
death receptor (FAS) ligand, while decreased Akt activity, 
uncleaved caspase- 8 and BH3 interacting- domain death 
agonist (BID). Based on these results, they concluded that 
KMP stimulates the apoptosis of HT- 29 cells through the 
mitochondrial pathway and the activation of cell surface 
death receptors (Lee et al., 2014).

6  |  KMP INDUCES CELL CYCLE 
ARREST IN CRC

It has been reported that KMP stimulates differentiation 
of CRC cells (KNC cells), which are evaluated as altera-
tions in cell morphology and alkaline phosphatase activ-
ity and low expression levels of connexin43 (Nakamura 
et al.,  2005). The treatment of KNC cells with KMP en-
hanced the differentiation of these cells which is associ-
ated with the recovery of gap junctional intercellular 
communication (GJIC), elevated levels of connexin43 pro-
tein expression, and phosphorylation. On the other hand, 
KMP reduces the activation of Stat3 and Erk as the inhibi-
tion of Stat3 phosphorylation also provokes changes in the 
morphology of KNC cells similar to the abovementioned 
alterations in KMP- treated cells, indicating that KMP- 
stimulated differentiation could be related to the suppres-
sion of Stat3 phosphorylation. It should be noted that such 
effects were not detected in HCT116 cells, a poorly differ-
entiated CRC cell line with the lowest expression of con-
nexin43. Therefore, KMP may exert its anticancer roles 
through regenerating GJIC via increasing the expression 
and activation of connexin43 in a CRC cell line already 
expressing connexin43. Conversely, such an impact has 
not been reported for CRC cell lines with deficient con-
nexin43 and GJIC (Nakamura et al., 2005).

In 2010, Martineti et al. (2010) reported that KMP tri-
glyceride, a glycosylated flavonol derived from Dianthus 

caryophyllus cultivar, induces cell cycle arrest in HCT8 
and estrogen receptor beta overexpressing CRC cells 
through raising the G(0)/G(1) cell fraction and antioxidant 
enzymes, in particular superoxide dismutase 2 (SOD2), 
and metallothionein 2A (MT2A), respectively (Martineti 
et al., 2010).

In another interesting study, Cho and Park (2013) ex-
amined the mechanism of action of KMP in suppressing 
the expansion of HT- 29 human colon cancer cells. Their 
findings revealed that KMP diminishes the number of 
viable cells in HT- 29 cells in a dose- dependent fashion. 
Furthermore, it stimulated cell cycle arrest in G1 and 
G2/M phases during 6 and 12 h, respectively. Regarding the 
molecular mechanisms of KMP- induced cell cycle arrest 
in HT- 29 cells, this flavonol represses cyclin- dependent 
kinase 2 (CDK2) and CDK4 activities in addition to 
the protein levels of CDK2, CDK4, cyclin E, D1, and A. 
Moreover, it reduced the expression of Cdc25C, Cdc2, and 
cyclin B1 proteins, along with Cdc2 activity. Therefore, 
the study showed that KMP provokes cell cycle arrest in 
G1 and G2/M phases by suppressing the activity of CDK2, 
CDK4, and Cdc2. The stimulation of cell cycle arrest could 
be one of the potential modes of action for the anticancer 
impacts of KMP in CRC cells (Cho & Park, 2013). Budisan 
et al. (2019) were another research group, aiming to inves-
tigate the in vitro impacts of KMP in two CRC cell lines, 
RKO and HCT- 116. According to their results, KMP sup-
pressed cell growth, motility, and invasion, and induced 
apoptosis and autophagy (Budisan et al., 2019).

7  |  KMP AS A THERAPEUTIC 
AGENT TO OVERCOME 
CHEMORESISTANCE IN CRC

Despite remarkable progress in the treatment of CRC, 
chemotherapy drugs, in particular 5- fluorouracil (5- FU) 
and Oxaliplatin, are the most widely utilized drugs for the 
treatment of CRC. As a result of the latest research, schol-
ars have extensively tried to prevent CRC by dealing with 
the chemoresistance and raising the possibility of suc-
cessful treatment, particularly by determining the prob-
able mechanisms of chemoresistance, seeking solutions 
to mitigate them, and thereby improving the sensitivity of 
CRC cells to chemotherapy (Vaghari- Tabari et al., 2020).

It is well- known that resistance to 5- FU chemotherapy 
is the main reason for failing in the treatment of CRC. 
Emerging combination therapy represents a successful 
approach to repressing cancer cells and inhibits the ap-
pearance of drug resistance. In this regard, Riahi- Chebbi 
et al. (2019) evaluated the anticancer properties of some 
polyphenols, particularly KMP, alone or along with 5- FU, 
on the human 5- FU- resistant CRC cells (LS174- R). Their 
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findings indicated that KMP can overturn 5- FU- resistance 
of LS174- R cells through induction of apoptosis and cell 
cycle arrest. Additionally, this agent hindered the pro-
duction of ROS and regulated the expression of some 
effectors, including JAK/STAT3, MAPK, PI3K/AKT, and 
NF- κB. Generally, their data suggested that KMP could 
be regarded as a possible chemotherapeutic factor to be 
utilized solely or in conjunction with 5- FU to defeat CRC 
drug resistance (Riahi- Chebbi et al., 2019).

In another study designed by Park et al. (2021), the possible 
targeting of ribosomal S6 kinases (RSKs) by KMP was inves-
tigated in oxaliplatin (Ox)- resistant HCT116 (HCT116- OxR) 
cells in comparison with Ox- sensitive HCT116 (HCT116- 
OxS) cells. They reported that the activities of MAPK and 
PI3K- AKT signaling pathways are considerably greater in 
HCT116- OxR cells than in HCT116- OxS cells. Furthermore, 
they tested various inhibitors, such as SP600125 (JNK inhib-
itor), SB206580 (p38 kinase inhibitor), or MK- 2206 (AKT in-
hibitor) on cell growth, all of which showed the inhibitory 
effects in the studied resistant cells. It should be noted that 
both studied resistant cells (HCT116-  and HT29- OxR) cells 
had greater sensitivities to the suppression of cell prolifera-
tion than normal cells, leading to cell cycle arrest at the G2/
M- phases. Eventually, the activity of AP- 1 was shown to be 
reduced by KMP in resistant cells when compared with its 
activity in normal cells. They concluded that KMP- mediated 
suppression of activator protein 1 (AP- 1) may be a signifi-
cant mechanism to overcome the chemoresistance of Ox- 
resistant CRC cells (Park et al., 2021).

Wu et al.  (2022) have recently published an interest-
ing paper, dealing with the therapeutic role of KMP alone 
or in conjunction with 5- Fu to defeat the drug resistance 
of HCT8- R cells. It is notorious that aerobic glycolysis is 
highly associated with tumor proliferation and chemo-
therapy resistance. The treatment of CRC cells with KMP 
substantially reduced glucose uptake and the production 
of lactic acid in drug- resistant CRC cells. In relation to the 
possible underlying mechanism of this observation, KMP 
increased the expression of miR- 326, which can prevent 
the glycolysis process via targeting pyruvate kinase M2 
isoform (PKM2) or PKM mRNA, thereby overcoming the 
resistance of CRC cells to 5- Fu. Collectively, the authors of 
the paper implied that KMP could play a prominent role 
in defeating resistance to 5- Fu therapy through modulat-
ing the miR- 326- hnRNPA1/A2/PTBP1- PKM2 axis (Wu 
et al., 2022).

8  |  TARGETING miRNAs BY KMP 
IN CRC

The utilization of miRNAs is one of the most reason-
able explanations for conquering CRC chemoresistance. 

These non- coding RNAs could be regarded as therapeu-
tic options, molecular targets, and prognostic indicators 
of chemotherapy. miRNAs might soon become part of 
the novel clinical choices alongside the classic chemo-
therapeutic agents to defeat CRC chemoresistance issues. 
There is a broad spectrum of miRNAs, involved in revers-
ing the chemoresistance of CRC as an in- depth investiga-
tion of them is beyond the scope of the current paper (see 
[Vaghari- Tabari et al., 2020] for an overview).

Based on our knowledge, Gutierrez- Uribe et al. (2020) 
were the first to demonstrate the prohibitory impact of 
KMP- 3- O- glycoside on the expression levels of miR31 
and miR92a, as oncological biomarkers, in a CRC cell line 
(RKO). Following the treatment of CRC cell line with KMP- 
3- O- glycoside, the expression of miR31, miR92a, and the 
oncogenes, such as kirsten rat sarcoma virus (KRAS), and 
c- MYC were down- regulated, while the tumor suppressor 
genes, such as AMP- activated protein kinase (AMPK) and 
adenomatous polyposis coli (APC) were up- regulated. 
Therefore, they concluded that KMP- 3- O- glycoside could 
have fascinating dietary and therapeutic approaches to 
fighting CRC (Gutierrez- Uribe et al., 2020).

In another related paper, Wu et al. (2021) reported that 
KMP diminishes the consumption of glucose, the main 
energy source required for the proliferation of cancer 
cells, eventually resulting in a decrease in the accumula-
tion of lactic acid and the production of ATP. In terms of 
mechanism, KMP boosted the expression of miR- 339- 5p 
whose targets are heterogeneous nuclear ribonucleopro-
tein A1 (hnRNP A1) and polypyrimidine tract- binding 
protein (PTBP1). miR- 339- 5p lessened the expression of 
M2- type pyruvate kinase (PKM2) while stimulating PKM1 
via directly targeting the hnRNPA1 and PTBP1. According 
to these findings, they suggested that KMP suppresses gly-
colysis and tumor growth in CRC probably through the 
miR- 339- 5p- hnRNPA1/PTBP1- PKM2 axis, indicating a 
novel elucidation for the molecular aspects of the antican-
cer roles of KMP (Wu et al., 2021).

9  |  CONCLUSIONS

As mentioned above, KMP has a wide range of therapeu-
tic functions, including anti- apoptotic, anti- inflammatory, 
anti- oxidative, anti- proliferative, and anti- chemoresistant 
in CRC (Table  1). However, the problem is that almost 
all of the studies conducted to assess the therapeutic ac-
tions of KMP in the treatment of CRC, are in vitro stud-
ies and only two in vivo studies have been published. 
Therefore, there is an urgent need to comprehensively 
investigate its curative effects in different animal models 
of CRC to assess its long- term impacts as a safe thera-
peutic agent. Correspondingly, it is possible that using 
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kaempferol- based nanoparticles will give good grounds 
for expecting that these types of technologies may boost 
its bioavailability and efficiency in the treatment of can-
cer, in particular CRC. In addition to more clinical studies 
which should be carried out for unraveling the therapeu-
tic potentials of KMP in CRC, using its various glyco-
sylated forms could also be immensely helpful. Of note, 
the combination therapy of KMP with other anticancer 
agents, such as SL and EGCG has been shown to improve 
their effectiveness in CRC therapy. Overall, a good deal 
of preclinical studies has approved the function of KMP 
in the treatment of CRC. However, there are numerous 
doubts regarding the therapeutic potency of KMP in CRC 
therapy which should be addressed by elite scientists all 
over the world
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