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Abstract: 
Excess and un-needed elements, chemicals, drugs and toxins are eliminated from our bodies 
through detoxification. Detoxification mostly runs in 3 tiers: the first tier is the responsibility of 
the cytochrome p450 superfamily of enzymes, the second tier is the responsibility of glutathione 
S transferase superfamily, cytosolic sulfotransferases and N-acetyltransferase, while the third tier 
is the responsibility of the multidrug resistance protein elimination. The absence, malfunction or 
ontogenic-programmed disabling of any of these enzymes leads to detoxification defects resulting 
in an accumulation of the undetoxified material. Given that each chemical, drug or toxin targets a 
specific tissue/cell/cellular component, the accumulation of each one of these chemicals leads to a 
specific clinical picture according to the type of targeted tissue damage. When exposed to lesser 
amounts of the toxin, i.e. a subclinical dose, subjects with the Kotb disease spectrum: 
detoxification defect diseases (DDDs), experience tissue damage and disease that will not be 
evident among those with intact detoxification enzymes. The answer to the eternal question: “Why 
is it that only some people exposed to a certain known risk factor develop the disease?” appears to 
be that detoxification enzyme function is heterogenous across people.  When exposed to a 
subclinical dose of a drug/chemical or toxin only those with a detoxifying enzyme deficiency will 
fall sick. The clinical picture of DDD will depend on the type and dose of the toxin, the chronicity, 
rate and recurrence of exposure, and the type of deficient or disabled enzyme(s). It is important to 
note that subjects with DDD do not express disease unless challenged by exposure to the specific 
chemical that they are unable to detoxify. The prototype of DDD thus far is the biliary atresia Kotb 
disease variant in neonates. They are glutathione S transferase M1 deficient and are exposed to 
perinatal aflatoxicosis that initially causes cholangitis of extrahepatic bile ducts which marches to 
intrahepatic bile ducts as well.  
In this short review, we aim to foster the ideology that primary biliary cholangitis (PBC) is a DDD 
and not an autoimmune disease. PBC is a chronic inflammatory disease of cholangiocytes, with 
preponderance of antimitochondrial antibodies that progresses to bile duct damage and cirrhosis. 
PBC is more common among females and in almost 73% of cases, it is associated with extrahepatic 
manifestations such as Sjogren’s syndrome, thyroid dysfunction and systemic sclerosis. The 
change of ideology in turn begs a change in management plan and treatment of the cause.    
 
Keywords: detoxification defect diseases; Kotb disease spectrum; primary biliary cholangitis; 
biliary atresia  
 
 



Kotb et al., Is Primary Biliary Cholangitis A Kotb Spectrum Detoxification Defect Disease? 

October 14, 2022.         DOI:  10.13140/RG.2.2.18737.86880 2 of 10 pages  

Introduction:  
For decades, immune inflammatory processes were known to be incited by different infectious 
agents (1), trauma, and direct tissue damage by inciting infectious agents (2). Whenever these were 
not detected, the inflammation was blamed on autoimmunity (1), i.e. the system’s self-inflicted 
harm. Many theories have been put forward to explain why the immune system goes rogue (3), 
including the paradox of the immune dysregulation, where patients might have an immune 
deficient disease and exhibit autoimmunity as well (4).   
Pathogens are known to inflict different types of inflammatory responses depending on their types, 
i.e. different clinical pictures defined by type of pathogen (viruses, bacteria, fungi, protozoa, and 
helminths) (5), type of immune cascade it incites and host immune system status (6). Autoimmune 
diseases are reported to occur when the body's immune system attacks and destroys healthy body 
tissue by mistake (7). Autoimmunity is a disease of exclusion, the last resort conclusion that 
presents itself once you exhaust all diagnostic means to search for pathogens, trauma and direct 
tissue damage, immune deficiency disorder and immune dysregulation syndromes.   
Recently, Kotb introduced the detoxification defect disease (DDD) prototype, exemplified by 
biliary atresia (BA): A Kotb disease variant, where a massive immune response develops due to 
aflatoxin induced cellular damage in children with a detoxification defect (8). BA was once 
thought to be the result of an autoimmune response (9), however it proved to be a Kotb disease 
variant instead (10, 11). In this instance, the immune system in BA was not mistaken, and did not 
go rogue; its response was a healthy robust pro-regeneration response. The accumulation of toxins 
caused by the detoxification defect resulted in direct tissue damage, a previously established cause 
of immune system involvement and initiation of pro-regeneration inflammatory process cascade. 
(Figure 1).  
The spectrum of Kotb disease: DDDs seems to extend beyond the prototype BA.  In this review, 
we discuss the concept of DDD, we address the longstanding troubling research question: if we 
are all exposed to a substance, then why are we not all equally sick? On the other hand, why do 
healthy cohorts with detoxification enzyme deficiencies or disablement have no disease? This 
short review also addresses the DDD’s potential spectrum, the evidence that primary biliary 
cholangitis (PBC) is a primary DDD, and the evidence to refute the autoimmune etiology of PBC 
and potential future directions.  
 
The Concept of Detoxification Defect Disease: 
 
What is detoxification? 
Human bodies are made up of different compositions and concentrations of elements of the 
periodic table. The element compositions are either ionic or covalent, where the number of 
electrons in the composition defines its solubility. Ionic compounds have an equal number of 
electrons and protons, making them water soluble, while covalent compositions share electrons 
making them less able to dissociate and less soluble (12). Since we are constantly exposed to 
different chemical compositions in the food we eat, in the air we breathe, in the liquids we drink 
and absorbed into our skin, our body is programmed to retain what it needs and dispose of what it 
does not. Anything that is water soluble, or potentially can be changed into water soluble, is 
disposed of through urine, tears, and sweat (13). Anything that can sublime is disposed of through 
the lungs. Anything that is not water soluble is disposed of through bile, or becomes tissue bound 
to fat (14), melanin (15), myelin (16), etc.  
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What is responsible for the detoxification process?  
Detoxification runs in 3 tiers: 

• the first tier is the responsibility of the cytochrome p450 (CYP) superfamily of enzymes, 
which adds radicals to enhance the water solubility; 

• the second tier for the covalent chemicals is the responsibility of glutathione S transferase 
superfamily, cytosolic sulfotransferases and N-acetyltransferase; 

• the third tier is the responsibility of the multidrug resistance protein (MDR) elimination. 
MDR is akin to an encasement that collects and removes the detoxified material, it is therefore 
meant to be resistant to the detoxified material. However, as a result of the pass effect, i.e. the 
transformation made by the first 2 superfamilies in tier 1 and 2 (17–19), detoxified material may 
become activated (more tissue targeting). 
What is a detoxification defect? 
For each of the enzymes involved in the aforementioned 3 tiers, the genetic code sets out the 
structure and function as well as dictates the chronologic date for its programed function, i.e. 
ontogeny. For example, we find that the major CYP 1A2 powerful member is initially disabled 
during the first 4-12 weeks of life, after which its function is enabled (20). As such, we can 
categorize the defects as reduced, absent or disabled.  
It is important to highlight that a subject can suffer from more than one defect at any given point 
during their life span depending on the absence or the ontogenic disablement of the relevant 
enzyme(s) (21). Lack of detoxification enzyme induction is also a defect in adaptive response to 
accumulating toxins (22).  
 

 
Figure 1. Detoxification Defect Disease Pathogenesis 
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What are the consequences of a detoxification defect? 
When the subjects with a detoxification defect are exposed to a chemical they are unable to handle 
due to the lack or disablement of the relevant enzyme, the chemical is trapped and becomes tissue 
bound, damaging the organelles or a specific cellular component. The damaged cell enforces the 
initiation of immune response in order to remove the damaged cell and its components, to pave 
the way for regeneration (10). Given that the absence of an enzyme does not stop a reaction but 
slows it, the extent of the damage depends on the rate of exposure, the amount of chemical we are 
exposed to, amount of accumulated chemical, and the type of deficient or disabled enzyme.   
 
What is a toxin?  
Once present in excess in any tissue, any chemical that we are exposed to may be viewed as a 
toxin, as it causes tissue damage to a target organelle/cell/tissue.  
 
If this is a toxic substance, to which we are all exposed, then why are we not all sick? 
Each of us has individualized detoxification genomics. Hence, exposure to a subclinical dose of a 
specific chemical, does not result in disease for everyone. Some of us are detoxification competent, 
and some are not. Only those with the relevant detoxification incompetency will fall sick when 
exposed to a specific chemical. The phenotype of disease and sickness depends very much on the 
amount of damage, which in turn depends on the rate of exposure, the amount of chemical we are 
exposed to and the type of deficient or disabled enzyme(s). Each drug and environmental chemical 
has affinity for specific cell lines, hepatocytes, nerve cells, etc.   
 
Why do healthy cohorts with detoxification enzyme defects, deficiencies or disablement have 
no disease?  
The DDD is either asymptomatic dormant disease or is a symptomatizing phenotype. It presents 
once the subject with detoxification defect is exposed to an environmental chemical that the subject 
is not capable of detoxifying. The symptoms are triggered by the excess of a specific chemical, at 
which point the subject presents with disease. 
 
What is the evidence that a detoxification defect disease (DDD) exists?  
Extra-hepatic BA is a progressive obliterative cholangiopathy that affects the extrahepatic bile 
ducts and marches inwards to the intrahepatic bile ducts. It presents within 2-3 weeks of birth in a 
baby born apparently normal. BA was once thought to result from early trimester arrest of 
development of extrahepatic bile ducts (23, 24). Now, the evidence proves that the whole-mark of 
BA is neutrophil-induced immune damage (25, 26) with the release of large amounts of gamma-
glutamyl transpeptidase (GGT).  
It was also once thought to be an autoimmune disorder as the immune inflammatory process is an 
integral finding in BA. Kotb provided evidence that neonatal BA is a detoxification defect disease 
(DDD) with actual entrapment of aflatoxin within the porta hepatis, causing aflatoxin-induced 
damage of the liver and biliary system in neonates with deficient glutathione S transferase (GST) 
M1 detoxification enzyme and ontogenically disabled GST Pi (10, 27). GST M1 is the enzyme 
system important for the metabolism and responsible for subsequent excretion of hepatotoxic 
aflatoxins (11). In BA, the accumulated aflatoxins target the cholangiocytes of large extrahepatic 
bile ducts, which is followed by neutrophil and immune response to remove damaged cells and 
where the tissue damage and inflammation ends in adhesions, fibrosis (28, 29), accelerated 
cirrhosis and obliteration (8, 10, 11, 30) .   
Kotb provided the evidence that neonates with the BA variant had GST M1 null genotype. The 
Egyptian studies provided evidence that all children affected with this variant had congenital loads 
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of aflatoxicosis B1+/- B2 that was associated with the pathological findings of cholangiocyte 
damage, neutrophil activation and end with lysis, inflammation, adhesions, obliterations and 
culminating in bile duct scarring (8, 10, 11, 30).    
 
What is the Evidence That PBC Might Prove to be a DDD: Kotb disease spectrum? 
PBC is a disease of the liver characterized by cholangiocyte injury, inflammation and obstruction 
of biliary ducts. It affects small and medium sized bile ductular epithelium which are non-
uniformly targeted in PBC, but not the large intrahepatic or extrahepatic bile ducts (31). The 
damage is not limited to cholangiocytes, as almost 73% of cases will have extrahepatic tissues as 
well as Sjogren’s syndrome, thyroid dysfunction and systemic sclerosis (32). Damage to 
mitochondria in cholangiocytes with release of anti-mitochondrial antibodies (AMA) and elevated 
GGT (2) are integral features. Neutrophils remove the apoptotic and damaged biliary epithelial 
cells (33). Abnormal cholangiocyte proliferation and fibrous tissue proliferation occur resulting 
in: lysis, inflammation, adhesions, obliterations and culminating in bile duct scarring.  
The main line of medical treatment in PBC is choleresis via ursodeoxycholic acid (UDCA) and to 
a lesser extent obeticholic acid, steroids, budesonide which are all to control the progression of the 
disease among both those who are asymptomatic and those who are symptomatic (34). Consensus 
is lacking, where several studies have conflicting results of their effect on mortality and/or disease 
progression (35).  
PBC is a disease with older female propensity (36, 37), and is asymptomatic in almost 60% of 
cases with positive serology, with progression of disease in only almost 20%.  
The central initial pathogenesis in PBC is immune neutrophil induced cholangitis and small bile 
duct injury leading to vanishing bile ducts (38). The rate of cholangiocyte damage is variable, and 
the amount of released GGT in response to injury predicts the rate of progression of disease (39, 
40). Increments in GGT are linked to drug induced biliary tract disease (41, 42). 
Drugs, infections and cumulative environmental toxin doses are known to result in PBC picture or 
even precipitate PBC (43). No specific environmental injurious agent was identified as the sole 
and/or constant inducer of PBC, but smoking (44), living near superfund toxic waste sites (36, 45), 
certain drugs and higher levels of xenoestrogens in soil have been reported. The latter replace 
endogenous estrogens, and for this reason are reported to accumulate more among females (46). 
Xenoestrogens include dichlorodiphenyltrichloroethane (DDT) and its metabolites, bisphenols, 
alkylphenols, dichlorophenols, methoxychlor, chlordecone, polychlorinated benzol derivatives 
(PCBs), and dioxins (47) that are detoxified by the liver.  
The number of drugs inducing mitochondrial toxicity is ever increasing, and this mitochondrial 
toxicity presents as hepatic injury, cardiomyopathy etc. Mitotox database includes over 1400 
small-molecule compounds, 870 mitochondrial targets, and more than 4100 mitochondrial toxin-
target associations. Among them, some cause lethal hepatotoxicity such as thiazolidinedione 
(withdrawn antidiabetic drugs) through injury of the mitochondrial electron transport chain 
(complex I) (48), and aflatoxins that destroy the mitochondrial respiratory chain complexes I-IV 
(49). It is interesting that despite the aflatoxin induced mitochondrial damage, aflatoxin has not 
been investigated in PBC ever.   
The brilliant work that provided evidence that xenoestrogens were involved/to blame in PBC 
explains the propensity among older females (45). The accumulated xenoestrogens are detoxified 
in the liver, and in those with PBC almost 50% have MDR3 defect (50). Others also provided 
evidence that PBC patients have detoxification defects, as null GSTM1 in a third (51), marked 
downregulation of cytochrome p450 1A2, CYP2B6, CYP2E1 and CYP3A4 but not 
sulphotransferase 2A1(52),  and not enough literature exploring N-acetyltransferase (NAT) in PBC 
(53). Yet, they were baffled that the control group had detoxification defects as well. This is very 
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typical for a DDD, as those with detoxification defects who are not exposed to toxins will not 
develop disease (Figure 2). More insight into the detoxification profile of patients with PBC is 
needed.  
The upregulation of CD14+, which promotes cholangiocyte inflammatory injury (54, 55), is not a 
consistent/constant further complication of tissue damage in PBC or BA. Hence, antibiotics do not 
have a consistent effect.   
The cascade of events in PBC was thought to be an autoimmune response, here we challenge this 
perception and propose to change the etiology of PBC paradigm into a pro-regeneration immune 
cascade of events in response to environmental factors damaging the cholangiocyte. Evidence 
supports the innate genetic susceptibility as well. The PBC phenotype is a result of interaction of 
gene expression and exposure to environmental injury. The change of ideology begs a change in 
management plan.    
 
 
 

 
 
 

Figure 2. PBC Proposed Detoxification Defect Disease Pathogenesis 
 
The Consequences of Abolishing the Ideology of PBC Autoimmune Pathogenesis? 
It is necessary to let go of the autoimmune paradigm in favor of that of environmental induced 
injury in the genetically susceptible host. While in any given subject the detoxification genomics 
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might be complex: absence, lack of induction, inhibition or malfunction of one or more 
detoxification enzyme(s) (21). It is important to highlight that the disease phenotype will be very 
much related to the genetically or ontogenically enzyme defect and the type of environmental toxin 
(10). PBC is not a single disease entity; it is rather a spectrum encompassing different possible 
predisposing factors. PBC spectrum is not limited to females, it also affects males, it is 
asymptomatic with decreased survival due to deaths other than due to cirrhosis and liver cell 
failure. PBC progression is not typically predictable. PBC as a DDD provides the answer to why 
PBC progression and response to therapy is not identical among all patients.  
 
More research is needed to identify the chemical or combination of chemicals that induce and 
trigger the PBC in the susceptible host. Addressing the cause of the detoxification defect, 
administering chelation therapy and implementing prevention plans of exposure to inciting 
agent(s) remain to be studied.  
 
Conclusion 
A great bulk of evidence supports that PBC might not prove to be a primary disease after all, it 
might prove to be secondary to chemically induced mitochondrial damage in the genetically/ 
ontogenically susceptible host with defective detoxification. More research is needed to verify the 
type of entrapped toxin, and the type of toxin-detoxification defect.  
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