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Cytochrome P450 (CYP) 1B1 belongs to the superfamily of heme-containing monooxygenases. Unlike other CYP

enzymes, which are highly expressed in the liver, CYP1B1 is predominantly found in extrahepatic tissues, such as

the brain, and ocular tissues including retina and trabecular meshwork. CYP1B1 metabolizes exogenous chemicals

such as polycyclic aromatic hydrocarbons. CYP1B1 also metabolizes endogenous bioactive compounds including

estradiol and arachidonic acid. These metabolites impact various cellular and physiological processes during

development and pathological processes.

CYP1B1  iron homeostasis  Cytochrome P450

1. Introduction

Cytochrome P450s (CYPs), named after the absorbance peak near 450 nm of their Fe(II)-carbon monoxide

complex in rat liver microsomes , are a superfamily of heme-containing enzymes. The CYP superfamily includes

approximately 9000 proteins classified into more than 800 families, which makes CYPs one of the largest and most

functionally diverse protein superfamilies . In humans, there are 57 putatively functional genes and 58

pseudogenes arranged into 18 CYP families and 43 subfamilies, distributed over most autosomal chromosomes .

In comparison, there are 108 functional and 88 pseudogenes representing CYPs in mice . CYPs are membrane-

bound enzymes, mostly found in the smooth endoplasmic reticulum and some in mitochondria. The enzymes are

best known to catalyze a monooxygenation reaction (RH + O  + NAD(P)H + H  → ROH + H O + NAD(P) , where

RH stands for a substrate with a hydroxylatable site . CYPs are often referred to as poly-substrate

monooxygenases.

CYPs also catalyze a variety of other reactions, such as reduction, desaturation, ester cleavage, and

rearrangement of fatty acids . CYP substrates include exogenous chemicals such as drugs, food toxicants, and

carcinogens, as well as endogenous compounds, for example, steroids, prostaglandins, and bile acids. As the main

site of metabolism of exogenous chemicals in humans, the liver expresses around 30 CYPs out of the 57 identified

in humans . Among CYP enzymes in the human liver, CYP3A4 is the most abundant and represents

approximately 22.1% of the total CYP enzyme protein content . Along with CYP3A4, CYP1A2, CYP2C9,

CYP2C19, CYP2D6, and CYP3A5 are responsible for the biotransformation of about 80 percent of all marketed

drugs . CYP enzymes are also expressed throughout the body, and emerging evidence suggests that

[1]

[2]

[3]

[4]

2
+

2
+

[5]

[6]

[7]

[8]

[9]



Cytochrome P450 1B1 in Ocular Iron Homeostasis Regulation | Encyclopedia.pub

https://encyclopedia.pub/entry/30713 2/11

extrahepatic CYP enzymes, such as CYP1B1, have important roles in modulating tissue metabolic homeostasis,

developmental processes, and contributing to carcinogenesis and other environmental diseases.

CYP1B1, one of the CYP enzymes, is mainly expressed in extrahepatic tissues  and is the only member of the

CYP1B subfamily. It was initially identified from mouse embryonic fibroblasts (C3H10T1/2) following incubation with

benzo(a)anthracene and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) . The human CYP1B1 was cloned from

primary human skin keratinocytes shortly after . Although CYP1B1 is assigned to the CYP1 family, CYP1B1

shows a low degree of genetic homology (~40%) with other CYP1 family enzymes, CYP1A1 and CYP1A2 , and

is a significantly larger protein than other human CYPs. CYP1B1 is expressed in various adult tissues such as

bone marrow, brain, breast, intestine, kidney, prostate, and ocular tissues. CYP1B1 expression is also found during

development of the hindbrain, neural crest, and eyes in early human and mouse embryos  and has an

important role in the generation and action of retinoic acid . 

CYP1B1 metabolizes a range of compounds, including exogenous chemicals such as polycyclic aromatic

hydrocarbons, dioxins, and aflatoxin B1. CYP1B1 also metabolizes endogenous bioactive compounds, including

estradiol, arachidonic acid, vitamin A, and melatonin (summarized in ). These metabolites are mediators of

various cellular and physiological processes . Thus, CYP1B1 expression and function could be important in

the proper development and maintenance of metabolic homeostasis in various organs and tissues.

2. Iron Homeostasis

Iron absorption, transport, distribution, and storage are tightly regulated by several specific proteins and are

discussed below. On average, a 70 kg man contains 3.5–4 g of iron. Most of the iron is intracellular and carried in

molecules, such as the hemoglobin of red blood cells (about 2.0–2.5 g), ferritin in hepatocytes and macrophages

(about 0.5–1 g), and in myoglobin, ferritin, and iron-containing enzymes in other types of cells (about 0.5 g in total).

Only a few mg of iron is contained in blood plasma, and the majority of it is bound to transferrin . Unlike most

other essential nutrients, there are no regulated mechanisms for the excretion of iron in mammals. Iron excretion

results from the exfoliation of dead skin, blood loss, and turnover of intestinal epithelial cells, which are

independent of iron levels in the body. In humans, about 1–2 mg of iron is lost every day, and the loss is balanced

by iron absorption, which occurs in the duodenum and proximal jejunum. Due to the lack of controlled iron

excretion, systemic iron homeostasis is achieved mainly through the regulation of absorption, utilization, and

recycling of iron .

Enterocytes of the proximal small intestine uptake dietary iron via divalent metal-iron transporter-1 (DMT1) (Figure

1A). Located on the apical membrane of enterocytes, DMT1 only transfers Fe , but most nonheme dietary iron

exists as Fe . Thus, iron uptake through DMT1 requires a reduction in Fe , mediated by duodenal cytochrome B

(DCYTB), an iron-regulated ferrireductase that is highly expressed in the apical membrane of duodenal enterocytes

. Dietary heme is imported by heme carrier protein (HCP1) into enterocytes and degraded by heme oxygenase

1 (HO1) to release Fe , which likely joins the same intracellular iron pool with nonheme iron . Iron transfer from

enterocytes into the circulation is mediated by ferroportin located at the basolateral membrane of enterocytes.
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Ferroportin, also known as iron-regulated transporter 1 or solute carrier family 40 number 1 (SLC40A1), is a

transmembrane protein with 12 transmembrane alpha helices. Ferroportin is the only known cellular iron efflux

transporter in vertebrates, and it is typically expressed in iron-exporting cells, including enterocytes, macrophages,

and hepatocytes .

Due to its half-filled 3d  electron configuration, Fe  is more stable and less water-soluble than Fe , which is

water-soluble and reactive. Exported as Fe  through ferroportin, iron undergoes oxidation to Fe . Ferroportin

cooperates with a membrane-bound ferroxidase hephaestin, which is located in the basolateral membrane of

enterocytes and functions to convert Fe  to Fe  . Hephaestin is a membrane-bound homolog of ceruloplasmin,

which is an enzyme containing six atoms of copper and is produced in the liver. Secreted from the liver into the

systemic circulation, ceruloplasmin functions to oxidize Fe  in the circulation into Fe  . Almost all the iron in the

circulation binds to transferrin, a 76–80 kDa bilobal glycoprotein that is produced predominantly by the liver.

Transferrin contains two binding sites for Fe  and transports iron through the blood to various tissues. Transferrin-

bound iron only accounts for 0.1% (3–4 mg) of the total iron in the body (3–4 g in an adult man) . However, due

to the rapid turnover rate of the transferrin-bound iron complex (about 10 times/day), transferrin forms an important

iron pool (20–25 mg/day) to meet the daily demands of iron for physiological processes, including erythropoiesis

. Transferrin delivers iron through the circulation to cells expressing the transferrin receptors, such as retinal

vascular EC .

Figure 1. Systemic and local iron uptake and transport. (A) Enterocytes uptake dietary iron via divalent metal

transporter-1 (DMT1) on the apical membrane. Iron uptake through DMT1 is mediated by duodenal cytochrome B

(DCYTB), an enzyme that reduces Fe  to Fe . Dietary heme is imported by heme carrier protein (HCP1) into

enterocytes and degraded by heme oxygenase 1 (HO1) to release Fe . Iron transfer from enterocytes into the

circulation is mediated by ferroportin located at the basolateral membrane of enterocytes. Ferroportin cooperates

with ferroxidase hephaestin converting Fe  to Fe  which binds to transferrin in the circulation. (B) Retinal
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endothelial cells (EC) express transferrin receptor 1 (TfR1) at the apical membrane. After binding of iron-loaded

transferrin, the TfR undergoes clathrin-mediated endocytosis. Within the endosome, Fe  is released from

transferrin and reduced to Fe  by six-transmembrane epithelial antigen of prostate 3 (STEAP3). Fe  is then

transported from the endosome to cytosol by DMT1. Unbound Fe  can be transported into retinal EC via Zinc

transporters (ZIP) such as ZIP8 and ZIP14. Exported from retinal EC, iron is imported by glial cells such as Müller

cells. (C) Exported by Müller cells, iron can be imported by photoreceptors expressing transferrin receptor, Zip8

and Zip14. Photoreceptors export iron via phagocytosis of shed photoreceptor outer segments by retinal pigment

epithelium (RPE) cells. RPE cells also import iron from the choroid via transferrin receptor . BM: Bruch’s

membrane.

Transferrin receptors are homodimeric transmembrane glycoproteins that mediate the uptake of transferrin-bound

iron into the cells. Transferrin receptor 1 (TFR1, also known as CD71) is ubiquitously expressed in mammalian

tissues and cells. Expression of TFR1 is regulated by intracellular iron levels. Under conditions of iron deficiency,

iron-regulatory proteins (IRP) bind to the iron-responsive element (IRE) motifs in the 3′-untranslated region of TFR1

mRNA to prevent endonucleolytic cleavage, mediating post-transcriptional stabilization of TFR1 mRNA .

Transferrin receptor 2 (TFR2) is expressed primarily in the liver and erythroid precursors. TFR2 expression is not

regulated by IRPs, as TFR2 does not have IRE motifs in its 5′ and 3′ untranslated regions, which indicates TFR2

expression is not regulated by intracellular iron status . The binding affinity to iron-bound transferrin of TFR2 is

25-fold lower than that of TFR1, which suggests that TFR1 is the major receptor for cellular uptake of iron-bound

transferrin. However, TFR2 plays an important role in iron homeostasis through the regulation of BMP signaling

pathways. In hepatocytes, TFR2 is one of the auxiliary factors for BMP receptors modulating hepcidin expression,

and TFR2 mutations result in reduced hepcidin production .

After binding of iron-loaded transferrin, the transferrin receptor undergoes clathrin-mediated endocytosis (Figure

1B). The acidic endosomal pH (~5.6), along with other factors such as conformational changes in transferrin, salt

concentration, temperature, and chelators within the endosome, contribute to the release of Fe  from transferrin

. Fe  in the endosome is reduced to Fe  by an endosomal membrane ferric reductase, the six-transmembrane

epithelial antigen of prostate 3 (STEAP3). The Fe  is then transported from the endosome to cytosol by the

transmembrane protein DMT1 .

3. CYP1B1 and Regulation of Iron Homeostasis

CYP1B1 expression in the eye is an important modulator of developmental processes. Mutations in CYP1B1 are

associated with the development of primary congenital glaucoma in humans . However, the underlying

molecular and cellular mechanisms that regulate CYP1B1 expression and activity in these processes remain

unknown. Mice deficient in CYP1B1 exhibit defects in the development and function of the conventional outflow

pathway, including the trabecular meshwork and Schlemm’s canal. This defect was exacerbated in albino mice,

suggesting a role for increased oxidative stress in these processes . The ability of melanosomes to bind iron

within living cells could contribute to the protection noted in pigmented mice . Although it has noted significant

constitutive expression of CYP1B1 in various ocular cell types, its expression is also induced by exposure to AhR
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agonists such as dioxin . However, the normal regulatory mechanisms that keep CYP1B1 expression in check

remain poorly understood. There have been numerous efforts toward identifying physiological substrates and

metabolites of CYP1B1 in order to advance the knowledge regarding the molecular and cellular mechanisms that

impact CYP1B1 expression, activity, and function. It has shown that CYP1B1 expression has a significant impact

on adhesive and migratory properties of various ocular cell types, including retinal vascular and trabecular

meshwork cells . How CYP1B1 expression and/or activity modulate these cell properties, which are likely linked

to cellular redox state, needs further exploration.

CYPs are generally considered as liver resident enzymes whose activation by exposure to various toxicants,

including aromatic hydrocarbons, drive the detoxification and elimination of these chemicals. With advancements in

genomic and transcriptomic studies, it is now recognized that CYP expression and activity play significant roles in

the modulation of proper developmental and metabolic functional activities of various cell types and tissues.

Estradiol and arachidonic acid are key endogenous substrates of CYP1B1, whose metabolites have significant

impacts on various biological functions. CYP1B1 expression also has important roles in retinoic acid metabolism

during early developmental processes. CYP1B1 is also involved in the metabolism of exogenous toxic chemicals,

enhancing their elimination and minimizing their adverse effects on human health.

Estrogens are metabolically converted to estrogenically inactive metabolites for elimination from the body. The

hydroxylation of estrogens by CYP enzymes is the first step in their metabolism, mainly in the liver. 2-

hydroxyestradiol, mainly catalyzed by CYP1A2 and CYP3A4 in the liver, and CYP1A1 in extrahepatic tissues, is

the major metabolite of estradiol. However, in the estrogen target tissues which express a high level of CYP1B1; 4-

hydroxyestradiol is the predominant estradiol metabolite . 4-hydroxyestradiol produces free radicals from the

oxidative-reductive cycling with the corresponding semiquinone and quinone forms, which cause cellular damage

and could have adverse impact on tissue integrity and function . In addition, estradiol regulates human CYP1B1

expression through estrogen receptor alpha . Thus, the regulation of estrogen-metabolizing CYP enzymes by

estrogen itself could contribute to local homeostasis of estrogens. Thus, the absence of CYP1B1 expression or

inhibition of its activity may lead to accumulation of estradiol and enhanced estrogen receptor signaling, the

consequences of which remain largely unexplored. A study by Kurmann et al. showed that estradiol inhibits the

migratory activity of brain vascular pericytes . Estradiol enhanced the barrier function of endothelial cells when

cocultured with pericytes, which likely accounts for estradiol protection against blood–brain barrier disruption and

antiangiogenic activity . This notion is supported by the studies demonstrating the mitigation of angiogenesis in

Cyp1b1  mice , likely because of increased levels of estradiol in these mice. How these changes in estradiol

metabolism impact the cellular redox state and increased oxidative stress that it noted in various tissues of

Cyp1b1  mice needs further exploration.

The protective impact of estradiol on cardiovascular integrity and function has been known for quite some time.

However, the underlying mechanisms and the cell-autonomous impact of estradiol on vascular cells are beginning

to provide novel insight into the mechanisms involved, as discussed above. Estradiol signals through estrogen

receptor in EC and regulates their proangiogenic properties . One of the genes whose expression is

increased by estradiol is BMP6 . However, little is known about the autocrine and/or paracrine signaling of

[10]

[43]

[44]

[44]

[45]

[46]

[46]

−/− [47]

−/−

[48][49]

[50][51]



Cytochrome P450 1B1 in Ocular Iron Homeostasis Regulation | Encyclopedia.pub

https://encyclopedia.pub/entry/30713 6/11

BMP6 in the retinal vasculature. BMP6 produced by liver SEC drives the expression of hepcidin in hepatocytes

regulating systemic iron levels . Given that retinal EC are the major regulators of iron homeostasis in the retina

and express key iron regulatory proteins, scholars propose that enhanced accumulation of estradiol in the absence

of CYP1B1 could lead to increased BMP6 production by retinal EC and altered expression of hepcidin altering local

iron levels. The scholars hypothesize that increased hepcidin expression in retinal EC diminishes ferroportin

expression in these cells, thus increasing intercellular iron levels leading to increased oxidative stress, lipid

peroxidation, and cell death. This would mitigate angiogenesis and drive trabecular meshwork dysgenesis in

Cyp1b1  mice as it have previously demonstrated . These possibilities are being presently explored and will

provide novel insight into the regulatory pathways which mediate CYP1B1 activity in the eye (Figure 2). The

impact of hepcidin on ferroportin expression in bovine retinal EC culture demonstrated decreased ferroportin

expression and diminished iron export .

Figure 2. The proposed CYP1B1 regulation of intracellular iron levels and oxidative stress through estradiol

metabolism, BMP6 signaling, hepcidin production, and ferroportin inhibition in the retinal endothelium.

CYP1B1 is also an important regulator of fatty acid homeostasis, and its expression is important in the modulation

of PPARɣ and PPARα target genes and fatty acid metabolism. Arachidonic acid (AA) is oxidized by human

CYP1B1 generating hydroxy eicosatetraenoic acids (HETEs), including 20-HETE and 12-HETE. However, the

metabolism of AA by mouse CYP1B1 generates epoxy eicosatetraenoic acids (EETs) . These metabolites

impact various cellular and tissue functions, including cardiovascular, growth, apoptosis, vasodilation, and fibrosis.

The differences in the catalytic efficiency of human and mouse CYP1B1 might contribute to their differences in AA

metabolism. The potential pathophysiological impact of these AA metabolites will benefit from further exploration of

their functions. Scholars are conducting untargeted metabolomics studies to identify additional putative

endogenous substrates of CYP1B1 with important physiological functions.
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Vitamin A is critical for growth and development and supports the health of the immune system and vision. Retinol,

retinal, and retinoic acid are the major forms of vitamin A. CYP1B1 catalyzes the oxidative metabolism of retinol to

retinal and retinal to retinoic acid. Although the oxidation of retinol to retinoic acid is regulated by both human and

mouse CYP1B1, neither can oxidize retinoic acid . The interaction of retinoic acid with its receptors, including

retinoic acid receptors and retinoid-X receptor (RXR), initiates signaling pathways with positive impacts on

dyslipidemia, atherosclerosis, and cancer . It previously showed retinol, all-trans retinoic acid, and AM580 (an

RXR agonist) failed to overcome the impact of CYP1B1 deficiency on retinal EC proangiogenic activity .

However, further delineating the impact of vitamin A metabolites on vision would be informative.
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