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Ketogenic Diet and Beta-Hydroxybutyrate
in Colorectal Cancer

Svetlana Khoziainova,1,* Galina Rozenberg,1,* and Maayan Levy1,2

Colorectal cancer (CRC) is one of the leading causes of cancer-related death in the United States. Although
certain genetic predispositions may contribute to one’s risk for developing CRC, dietary and lifestyle factors
may play an important role as well. In a recent study in Nature, Dmitrieva-Posocco et al, reveal a potential
protective role of the ketogenic diet in colorectal cancer growth and progression. Administration of a ketogenic
diet to CRC-bearing mice demonstrated a tumor-suppressive effect. Specifically, the ketone body b-hydro-
xybutyrate (BHB) exhibited the ability to suppress epithelial cell proliferation and inhibit tumor growth. BHB
acts on cancer cells through regulation of homeodomain-only protein Hopx, known regulator of CRC. Fur-
thermore, BHB requires a surface receptor Hcar to induce Hopx expression and suppress proliferation of
intestinal epithelial cells. Taken together, these results describe a new therapeutic approach of using dietary
intervention for the prevention and treatment of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is one of the most common
types of cancer and the second leading cause of cancer-

related death in the United States (Siegel et al, 2022). Risk
factors for developing CRC include genetic mutations, diet,
and lifestyle factors (Islami et al, 2018). Screening by co-
lonoscopy remains the most important and cost-effective
strategy in reducing the incidence and mortality of this
disease, as treatment typically includes local excision by
surgery or partial colectomy, removal of nearby lymph nodes,
chemotherapy, and radiation therapy—all of which have
significant side effects.

Although the risk for CRC is largely controlled by envi-
ronmental and lifestyle factors (Islami et al, 2018), the in-
dividual risk for developing CRC can also be increased by
certain genetic mutations. This is particularly apparent in
autosomal dominant genetic disorders, such as Lynch syn-
drome (hereditary nonpolyposis colon cancer) and familial
adenomatous polyposis. Patients with Lynch syndrome, an
inherited disorder characterized by mutations in the DNA
mismatch repair genes MLH1, MSH2, MSH6, and PMS2
or by a deletion of EPCAM (Boland et al, 2022; Idos and

Valle, 1993), are predisposed to the development of cancer,
including an increased risk for CRC (Sehgal et al, 2014).
Despite the genetic predisposition to CRC in patients with
Lynch syndrome, the age of onset and rate of progression is
highly variable among patients, indicating a critical role for
modifiable environmental factors in disease manifestation
even in the case of defined genetic mutations.

Optimizing Lifestyle for CRC Prevention

Although common, there are several ways to decrease
the rate of incidence, as well as the mortality rate of CRC.
Cancer screenings have been an effective method in the
early detection of CRC. Stool tests are a noninvasive
method that can be used to detect blood or altered DNA in
the stool (Abbaszadegan et al, 2007). Colonoscopies and
sigmoidoscopies are also common procedures for CRC
screening. According to data from the SEER program at
the NIH, between 2010 and 2019, the death rates associ-
ated with CRC have decreased by 2.0% on average each
year (SEER Cancer Stat Facts: Colorectal Cancer, 2022),
likely due to the increased availability and use of these
screening methods.
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In addition to early detection, clinicians and scientists are
increasingly recognizing the value that lies in optimizing a
patient’s lifestyle, and more specifically their diets, in cancer
prevention (Fig. 1). Since only a small number of CRC cases
are related to a known genetic predisposition, there is a critical
role for adjustable behavioral practices and lifestyle habits
(Kirkegaard et al, 2010; MacFarlane and Stover, 2007). Some
lifestyle factors, such as obesity and sedentary lifestyles, have
been shown to increase the risk for developing CRC (Baena
and Salinas, 2015). Moreover, seminal epidemiological studies
have linked CRC incidence to diet, and dietary patterns char-
acteristic of the modern human lifestyle have been associated
with an increase in CRC prevalence (Brenner et al, 2014).

For example, a Western diet has previously been shown to
enhance tumorigenicity of intestinal progenitor cells and to
suppress antitumor immunity (Beyaz et al, 2016; Fu
et al, 2019; Ringel et al, 2020). Furthermore, multiple epi-
demiological studies have suggested that excessive intake of
animal protein, especially red meat, is associated with in-
creased risk of developing CRC (Aggarwal and Shishodia,
2006). In contrast, little is known about diets that are asso-
ciated with effective prevention or treatment of intestinal
tumorigenesis and mechanistic studies of nutrition and nu-
tritional supplements in CRC are critically needed.

Other modifiable lifestyle factors, including cigarette
smoking and alcohol consumption, have been linked to CRC
risk in prospective studies of Western populations (Amitay
et al, 2020). Mechanistically, acetaldehyde, a metabolite of
ethanol/alcohol, can affect DNA synthesis, repair, alteration
of structure and function of glutathione, and increase in
colonic mucosal proliferation (Win et al, 2017).

Diet has recently emerged as an effective and nonin-
vasive lifestyle intervention against neoplastic diseases

(Kanarek et al, 2020). However, concrete recommenda-
tions for how diet can be used to prevent and treat cancer
remain sparse. High-fiber diets have been shown to pro-
tect against CRC (Kunzmann et al, 2015), although
there is still varying evidence (Romaneiro and Parekh,
2012). It has been suggested that fiber exerts its protective
role against CRC by blocking the conversions of primary
bile acids into more toxic secondary bile acids, such as
deoxycholic acid.

Bacterial fermentation of fiber can also produce short
chain fatty acids (SCFAs), mainly acetic acid, butyric acid,
and propionic acid, which may also confer protection against
CRC (Baena and Salinas, 2015). Modulation of tumor sup-
pressors, such as p21, through the inhibition of histone dea-
cetylases (HDACs), is thought to contribute to the anticancer
effects of SCFAs. Upregulation of tumor suppressor p21,
for example, can lead to a reduction in epithelial inflam-
mation and an increase in the apoptosis of cancer cells
(Wang et al, 2019).

Studies have also indicated a protective role of folic acid
in reducing the risk of CRC. Supplementation of folic acid
has been shown to decrease one’s risk for developing CRC
by about 20–25% and may also decrease the risk of mor-
tality in patients with CRC (Sanjoaquin et al, 2005). Me-
chanisms by which folic acid may exert its protective effects
include its role in maintaining DNA stability and integrity
(Kim, 2006). Vitamin B6, a cofactor in folate metabolism
(MTHFR), has also been implicated to be protective against
CRC (Theodoratou et al, 2008). However, further studies are
needed to confirm these potentially protective effects of
folic acid and vitamin B6 intake.

Dietary fish intake has also been shown to have a pro-
tective effect on CRC (Wu et al, 2012). Fish is typically

FIG. 1. Schematic over-
view of the role of lifestyle
and dietary supplements in
colorectal cancer develop-
ment. Figure was prepared
using BioRender.
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high in vitamin D and omega-3 fatty acids, such as alpha-
linolenic acid, eicosapentaenoic acid, and docosahexaenoic
acid. Studies have also shown that vitamin D is inversely
associated with CRC. Supplementation with calcium and
vitamin D have shown a protective effect against CRC,
likely due to their ability to decrease epithelial cell prolif-
eration and promote differentiation (Peters et al, 2001;
Ryan-Harshman and Aldoori, 2007). However, calcium and
vitamin D may be dependent on each other to achieve their
full effects (Grau et al, 2003). Magnesium may also offer
protection against CRC but may be dependent on the rela-
tive levels of calcium as well (Chen et al, 2012; Dai et al,
2012).

Omega-3 fatty acids are substrates for the cyclooxygenase
2 (COX-2) enzyme, which converts these fatty acids into
prostaglandin E3 (PGE3). PGE3, unlike PGE2, is considered to
be anti-inflammatory in nature and could possibly inhibit the
proliferation of tumor cells (Yang et al, 2014). In addition,
given the ability of non-steroidal anti-inflammatory drugs
(NSAIDs) to inhibit cyclooxygenase enzymes and, therefore,
prevent the release of tumor-promoting PGE2, they are also
associated with a decreased CRC risk (Garcia-Albeniz and
Chan, 2011). Several epidemiological studies have indeed
shown the anti-CRC effects of NSAIDs, particularly aspirin;
however, these effects may be dependent on levels of COX-2
expression in the tumors of CRC patients (Chan et al, 2007;
Rothwell et al, 2010). Selective inhibition of COX-1 by low-
dose aspirin has also shown a significant reduction in colonic
mucosal prostaglandins, suggesting a COX-1-dependent role
in CRC protection as well (Patrono, 2001; Ruffin et al, 1997).

Although some studies suggest that CRC can be pre-
vented in the general population through dietary and life-
style interventions, addressing this gap in our knowledge
may result in the design of a dietary intervention for preven-
tion purposes based on a detailed mechanistic understanding
of diet-derived molecules in modulating physiological and
neoplastic events.

The Role of Ketogenic Diet
and Beta-Hydroxybutyrate in CRC

Mechanistic studies of nutrition in human diseases are
in their infancy, and in the majority of cases we lack the
scientific understanding needed to improve therapeutic out-
comes by optimizing dietary composition.

In a recent study, we probed the effect of diet on in-
testinal tumorigenesis (Dmitrieva-Posocco et al, 2022). We
systematically studied several macro- and micronutrient-
defined diets for their impact on CRC in mice. To identify

dietary interventions that can impact intestinal tumor growth,
we fed mice six different diets and induced CRC using
several genetic and nongenetic models. We started with the
azoxymethane (AOM)/dextran sodium sulfate (DSS) model,
using injection of the carcinogen AOM, followed by three
cycles of DSS in the drinking water. We found that high-fat
low-carbohydrate ketogenic diet (KD) exerts a profound
tumor-suppressive effect across different treatment proto-
cols. Similar to the AOM/DSS model, KD effectively sup-
pressed tumor development in a genetic model of CRC, in
which both alleles of the tumor suppressor gene Apc are
deleted from a subset of colonic epithelial cells (Dmitrieva-
Posocco et al, 2019; Hinoi et al, 2007), resulting in a spo-
radic transformation pattern (CDX2CreERT-Apcfl/fl).

The KD is a high-fat adequate protein low-carbohydrate
diet designed to produce ketosis through mimicking the
metabolic changes of starvation (Fedorovich et al, 2018).
Although used primarily for treating seizures in children,
KD has also been shown to be useful in treating intracta-
ble seizures in adults, and possibly for treating other none-
pileptic conditions, such as brain tumors, Alzheimer’s disease,
and diabetes (McDonald and Cervenka, 2018).

KD feeding induces a state of ketosis, which is a survival
mechanism that provides an alternative source of energy
during prolonged starvation or lack of carbohydrate inges-
tion. Fat metabolism and its by-product ketone bodies are
essential mechanisms for survival in animals and humans.
The two main ketone bodies, b-hydroxybutyrate (BHB) and
acetoacetate (AcAc), serve as a circulating alternative en-
ergy source for tissues during nutrient deprivation (Newman
and Verdin, 2013). We identified that one of the main ketone
bodies, BHB, but not AcAc, suppresses intestinal prolifera-
tion and overall inhibits tumor growth.

It was shown that BHB regulates class I HDACs, which
are known as a family of proteins that suppresses and en-
hances transcription and as promising agents against cancer
(Gregoretti et al, 2004). In addition, BHB serves as an in-
hibitor of NLRP3-mediated mouse inflammatory diseases
through suppression of caspase-1 activity and IL-1b secre-
tion (Youm et al, 2015). Another group of researchers
showed that KD and BHB controls gut microbiota followed
by intestinal Th17 cells regulation, particularly BHB di-
rectly suppresses Bifidobacterium growth in a dose-dependent
manner in vitro (Ang et al, 2020).

Although these mechanisms do not contribute to the
ability of BHB to inhibit intestinal tumor growth, we found
that BHB suppresses epithelial cell proliferation and tumor
growth through regulation of homeodomain-only protein
Hopx, a known regulator of CRC (Yamashita et al, 2013).

FIG. 2. Ketogenic diet and
its metabolite BHB act on the
cell surface receptor Hcar2 to
induce Hopx protein expres-
sion, which suppresses pro-
liferation of cancer cells and
CRC progression. Figure was
prepared using BioRender.
BHB, b-hydroxybutyrate;
CRC, colorectal cancer.
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Furthermore, we identified that BHB requires a surface re-
ceptor Hcar2 (Gpr109a) to induce Hopx expression, which
inhibits proliferation of IEC (Fig. 2). Finally, we found
evidence that elevated levels of BHB and HOPX are nega-
tively correlated with human cell cycle progression. Taken
together, these results describe a new therapeutic approach
for cancer prevention and treatment.

Given the data presented, KD, and especially BHB, ap-
pear to be beneficial dietary elements for cancer preven-
tion and therapy. High levels of serum BHB were associated
with less proliferation capability of human epithelial cells
from the large intestine, suggesting an association between
ketone synthesis and epithelial growth (Dmitrieva-Posocco
et al, 2022). These findings call for the systematic evalua-
tion of KD and BHB as new tools in the clinical manage-
ment of CRC.

Conclusion

We summarized in this study several links between die-
tary factors and CRC development. In our recent study, we
identified new mechanisms by which KDs, and in particular
the ketone body BHB, suppress growth and progression of
CRC. Our findings support the idea that adjusting one’s diet
and nutrient uptake can be beneficial in the prevention of
CRC development and potentially other types of cancer.
Therefore, dietary intervention may be used as a promising
new therapeutic strategy together with existing therapies for
cancer treatment. However, further investigations are nee-
ded to test this hypothesis.
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