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Abstract

Anything that affects the absorption of nutrients and intestinal function 
will invariably affect the physical well-being or the health status of an 
individual. Cystic fibrosis is a disease condition that is autosomal recessive 
and affects organs that have epithelia including the gastrointestinal tract of 
which the intestine is part, and is the one that is primarily affected. The major 
aberration responsible for it is mutations in the cystic fibrosis transmembrane 
conductance regulator gene. Phenotypical evidence of cystic fibrosis in the 
intestine includes obstruction, microbial dysbiosis, inflammation, acidity in 
the intestinal tract, malnutrition, immune dysfunction, intestinal dysmotility, 
appendiceal aberrations and intussusception. All these manifestations result 
in maldigestion and malabsorption of lipid, protein and carbohydrate in the 
intestine. The effect of cystic fibrosis on the digestion of certain micronutrients 
was also reported.

In this review, the pathophysiology, manifestations of cystic fibrosis in the 
gastrointestinal tract with emphasis on the small intestine, and the effects on 
digestion of macronutrients and micronutrients would be discussed.
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  List Of Abbreviations
CF- cystic fibrosis, CFTR- cystic fibrosis transmembrane 

conductance regulator, cAMP- cyclic adenosine monophosphate,  
cGMP- cyclic guanosine monophosphate, mRNA- messenger 
ribonucleic acid, GIT- gastrointestinal tract, EPI- exocrine pancreatic 
insufficiency, DIOS- distal intestinal obstructive syndrome, SIBO- 
small intestinal bacterial overgrowth, GI- gastrointestinal, CD- 
celiac disease, IBD- inflammatory bowel disease, PERT- pancreatic 
replacement therapy, PI- pancreatic insufficiency, NF-ĸB- nuclear 
factor kappa B, LXR/RXR- liver-X-receptor/retinoid-X-receptor, 
TLR- toll- free receptor, BMI- body mass index,  NSBP -newborn 
screening-program .

Introduction
Cystic fibrosis (CF) is a disease condition which is precipitated by 

mutations in the gene that codes for the cystic fibrosis transmembrane 
conductance regulator (CFTR) protein. CFTR, a cyclic adenosine 
monophosphate (cAMP)-regulated chloride ion channel, is well 
expressed in various epithelia and at much lower levels in many other 
cell types. CFTR in the intestine facilitates the secretion of chloride, 
bicarbonate, and fluid. Anderson et al1 reported that the basic roles 
of the gastrointestinal epithelium are: (1) to act as a physical barrier 
that selectively permits the absorption of nutrients; as it (2) excludes 
pathogenic or toxic substances; and (3) to secrete substances that 
facilitate the digestion process. All of these roles require large amount 
of water, nutrients, and ions to be transported across the epithelial 
layer. The impetus for this is made possible through ion gradients and 
therefore the activity of ion channels such as Na+, K+, Ca2+, and other Cl− 
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channels which are regulated by CFTR2,3. The deficiency or 
dysfunction of CFTR would therefore lead to a malfunction 
in these roles. Moreover, the review by Eisenhut4 has shown 
that inflammatory mediators such as tumor necrosis factor, 
interferon gamma and probably nitric oxide are involved 
in modulating the activity of the ion channels in the light 
of CFTR dysfunction, and the messengers involved in the 
intracellular translation of the signal of the inflammatory 
mediators are cyclic adenosine monophosphate (cAMP) 
and cyclic guanosine monophosphate (cGMP) which are 
linked to protein kinase. Biallelic inactivating mutations in 
the CFTR gene may result in partial or total dysfunction. 
This compromise in the milieu is believed to be the major 
cause of pathogenesis for cystic fibrosis in affected organs, 
including the intestine2,3,5.

For clarity, the domains of CFTR, which span the entire 
membrane, form an aqueous channel that permits the 
passage of Cl− and HCO3

− ions down their electrochemical 
gradients. In the intestine, this is from the cytoplasm 
of epithelial cells to the intestinal lumen, especially the 
intestinal crypt lumen. This movement of ions out of the 
cell increases osmotic pressure for the passage of water 
in the same direction. Thus, CFTR can also be said to 
indirectly determine water homeostasis. In essence, in the 
gastrointestinal tract (GIT), CFTR function is critical for ion 
and water homeostasis3,6-8. 

The dehydration of various secretions (e.g.  mucus)  at  
affected sites  thus sets in and results in the precipitation  of  
secretions  and intra-ductal  blockage,  inflammation,  fibrosis  
and  eventual  damage to  the  organs,  especially in  the  presence  
of  digestive  enzymes9,10. This is the common pathophysiology 
although the exact manifestation is site-specific11. 

The CFTR gene is strongly expressed all along the 
intestinal tract12. However, there is a cephalo-caudal 
gradient with CFTR messenger RNA (mRNA) levels highest 
in the duodenum and mucus secreting Brunner’s glands, 
and levels decrease distally along the small intestine to 
the ileum with moderate expression in the large intestine. 
There is also a gradient of expression along the crypt – villus 
axis with greatest expression in the small intestinal crypts 
and near the base of the crypts in the large intestine2,6.

As a result of the aforementioned, gastric acid is not 
properly neutralized in the intestine by bicarbonate 
secretion which is highest in the proximal intestine 
that receives a high acid load from the stomach. This 
neutralization of acid by bicarbonate supports maximal 
function of the digestive enzymes from the exocrine 
pancreas and solubility of bile salts from the biliary tract, 
and therefore its absence or reduction serves to contribute 
to poor digestive function in the intestine which is observed 
in CFTR dysfunction2. Furthermore, the intestine receives a 
large volume of bicarbonate-rich fluid from the pancreas, 
which is also compromised in CF patients13. 

This review addresses the pathophysiology, signs and 
symptoms of gastrointestinal manifestations of CF as well as the 
influence on digestion of macronutrients and micronutrients.

Evidences Of Cf In The Intestine
CF affects the GIT primarily, especially in neonates, 

resulting in damage2. Exocrine pancreatic insufficiency 
(EPI) is manifest in 60-90% of patients having severe 
CFTR mutations which progresses to about 85-90% of 
patients with age13-16. The absence of the bicarbonate-rich 
pancreatic fluids which consists of enzymes essential for 
the digestion of ingested food further contributes to the 
symptoms and signs of gastrointestinal manifestations. 
The manifestations include the following: obstruction, 
microbial dysbiosis, inflammation, acidity in the intestinal 
tract, malnutrition, immune dysfunction, dysmotility, 
appendiceal aberrations and intussusceptions 2,6,17.  

Obstruction

The deficiency in bicarbonate secretion, which 
results in a relatively dehydrated luminal environment 
and postprandial acidity in the proximal small intestine, 
culminates in the accumulation of mucus in the CF intestine 
which appears to be the most important pathological 
manifestation that precedes other manifestations in 
CF disease2,18. The most severe acute manifestation is 
obstruction of the terminal ileum (proximal large intestine) 
which can result in rupture and sepsis if untreated. In CF 
neonates the condition is called meconium ileum (MI) 
(i.e. diminished or absent peristalsis due to failure to pass 
meconium)2. In older CF patients, obstruction is called distal 
intestinal obstructive syndrome (DIOS). The substance 
responsible for the obstruction in DIOS is made up of mucus 
and fecal-type matter which is comprised of undigested 
materials and a high content of bacteria, and is therefore 
referred to as being “mucofeculant”2. DIOS is identified by 
partial or complete obstruction of feces in the ileocecum 
and the prevalence has been found to be 7 times more in 
adults than children with CF in certain studies conducted 
in Europe19. Chronic low-grade obstruction, which presents 
in CF patients as obstipation or constipation, has also been 
shown to be prevalent in 26- 46% of patients20,21.

Microbial Dysbiosis
Dysbiosis is the imbalance in the gut microbiome that 

results in the manifestation of diseases. This can be as a 
result of four effects; altered microbiome, antibiotics, 
altered luminal environment and physiology of the CF 
small intestine, and mucus accumulation and mucins of 
which some will be discussed. Moreover, link between 
carcinogenesis and alteration in GI microbial dysbiosis 
has recently been proposed 22. There are two barriers in 
the colonic epithelium which when compromised can 
result in damage as a result of immune cell infiltration and 
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inflammation: the apical surface of the colonic epithelium 
and tight junctions between the basolateral surfaces of 
intestinal epithelial cells3. It can also culminate in altered 
migration and invasion by cancer cells. Microflora also 
produce signaling molecules that regulate immune cell 
homeostasis such as lipopolysaccharides that can bind to 
similar corresponding recognition receptors on epithelial 
cells to evoke the intestinal cell immune response3. 
Vernocchi et al.23 using targeted-metagenomics and 
metabolomics demonstrated that the CFTR impairment 
results in gut ecosystem imbalance.

a) Effect of altered microbiome

The microbiome in the CF intestine is dense and 
altered in location, cell density and diversity. Failure in 
the statutory mechanisms in the small intestine which 
includes peristalsis, antibacterial proteins, gastric acid, 
intestinal fluid and the ileocecal valve can result in small 
intestinal bacterial overgrowth (SIBO). This can advance 
into abdominal distension, steatorrhea, weight loss, 
diarrhea, macrocytic anemia and flatulence24-26.  Moreover, 
accumulation of mucus, mucosal immune malfunction, 
ion and fluid abnormalities and malabsorption affect the 
GI luminal nutrient pool27,28. An intestinal parasite, Glardia 
lamblia, has been shown to be involved in diseases linked 
to pancreatic insufficiency, including cystic fibrosis17. Also, 
Coffey et al.29 have demonstrated that microbial taxonomic 
dysbiosis (and probably the corresponding functional 
dysbiosis) have contributed to gastrointestinal disease in 
paediatric CF.

b) Effect of antibiotics

Antibiotics, when ingested, douse or remove the 
normal commensal bacterial strains and may also enhance 
selective antibiotic-resistant bacterial overgrowth30. In CF 
patients, Oxalobacter formigenes (an important commensal 
bacteria that metabolizes oxalate), is usually lost after 
antibiotic use. This results in CF patients being at increased 
risk of formation of calcium-oxalate kidney stones and 
hyperoxaluria. Also, Clostridium difficile infection occurs 
often after antibiotic use in CF patients. However, most of 
these patients are asymptomatic. This may be as a result of 
the deficiency of functional CFTR because C. difficile induces 
secretory diarrhea as a result of a toxin that activates CFTR-
dependent Cl- secretion2,31.

c) Effect of mucus accumulation and mucins

Accumulation of mucus in the intestinal lumen in CF 
provides an environment for abnormal microbial colonization 
which can result in microbial dysbiosis such as SIBO2. 
Intestinal motility and gel-forming soluble mucins (majorly 
MUC2) secreted from goblet cells serve to maintain low 
bacterial load in the proximal small intestine22,33. Mucus can 
be adherent and at the same time act as a lubricant. Bacteria 
bind to the complex oligosaccharides on the mucin molecules 

while intestinal motility removes the mucus-bacteria complex 
distally toward the large intestine. In the face of CF, the 
mucus is excessively sticky and slimy, and intestinal motility 
is abnormally slow. In the light of these, bacteria bind to the 
static mucus and this culminates in abnormal colonization 
and overgrowth of the small intestine2.

Inflammation
a) CF and GI disease

Increased levels of inflammatory markers in the lumen 
of CF small intestine were revealed by endoscopic lavage34. 
Another endoscopic study presented normal morphology 
of the CF duodenum but the biopsied tissue showed 
increased levels of several inflammatory markers35. Werlin 
et al.36, using video-equipped capsule endoscopy, showed 
morphological aberrations which included erythema, 
ulcerations, edema and mucosal breaks in the ileum 
and jejunum in >60% of CF patients with significant 
increases of fecal calprotectin (a neutrophil secretory 
product) as is expected in intestinal inflammation27. Ikpa 
et al.28 demonstrated in the ileum of CFTR null mice that 
gut inflammation was associated with a marked overall 
reduction in the activity of type II ligand-dependent nuclear 
receptors, which was proposed to strongly affect fatty acid, 
sterol, bile acid and xenobiotic metabolism and transport. 
Moreover, in addition to these marked effects on lipid 
handling, Ikpa et al.28 noted that CF was associated with 
reduced expression of genes involved in the absorption 
of other nutrients. Also, most of the observed changes 
in gene expression in the ileal sections were corrected 
by antibiotic treatment. Thus suggesting that dysbiosis 
markedly affects enterocyte maturation in CF27. Escherichia 
coli is a bacterium whose chief source of nutrients has 
been found to be mucus-associated sugars in healthy GI 
tract and the proliferation of mucus-metabolizing E.coli 
populations could, therefore, be favoured by accumulated 
mucus27,37.  Martinez-Medina et al.38 and Hoffman et al.27 
amidst other studies by other researchers have shown that 
inflammation, as a result of changes in the CF intestinal 
lumen, increases the colonization of the gut mucosa by E. 
coli and further promote inflammation. Based on scientific 
evidences, Hoffman et al.27 have deduced that early 
determination of E. coli dysbiosis could indicate severe GI 
disease, resultant poor growth and associated CF clinical 
observations. When the disease has advanced, regardless 
of the mechanism, the presence of  high fecal E. coli could 
be contributory to inflammation in the GI, affect lipid 
metabolism and absorption, malnutrition and exacerbate 
the disease condition (i.e. CF GI disease)39,40.

b) CF and celiac disease 

CF can result in the development of celiac disease (CD) 
as a result of pancreatic insufficiency leading to impaired 
protein digestion which normally degrades the gliadin 
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antigen2. Wheat gliadin and prolamine protein present in 
grains elicit the immune response that occurs in CD, which 
is a destructive autoimmune disease of the small intestinal 
mucosa that precipitates malnutrition and is prevalent in 
CF41,42. Therefore, removal of wheat-derived products from 
the diet can help the disease condition. Small intestinal biopsy 
and histological diagnosis, which is based on observing 
villus atrophy and elevated intraepithelial lymphocytes, are 
the most reliable methods of detection2. Also, inflammatory 
bowel disease (IBD) can also ensue as a result of CF and the 
diagnosis is similar to that of celiac disease19.

c) CF and Crohn’s disease

A 12.5-fold increased prevalence of Crohn’s disease 
has been reported in CF patients compared to the general 
population. This is because genetic and environmental 
factors which include exposure to bacterial antigens or 
pathogenic bacteria and immunological interactions with 
gut microflora are present in CF patients43. However, since 
serum biomarkers for inflammatory bowel disease may 
be falsely negative or positive in CF patients (i.e they lack 
sensitivity and specificity), cases need to be confirmed with 
combination of these biomarkers and especially biopsy44,45. 
Rectal biopsy has been shown to be very effective in 
clarifying CF cases and there are two methods; intestinal 
current measurement and intestinal organoids. Therefore 
it is preferred because rectal tissue can be collected safely 
and painlessly17.

.Generally, the intestinal inflammation markers found 
enhanced in CF patients are cytokines (IL-8, IL-1β), 
cellular constituents (neutrophil elastase, eosinophil 
cationic protein), plasma proteins (IgG, albumin, alpha-1-
antitrypsin IgG) in whole–gut lavage samples, and elevated 
calprotectin in fecal samples17.

The effect of acidity in the Intestinal tract
In CF, the acidic pH of the proximal small intestine can 

precipitate bile salts and thus contribute to their inability 
to digest and assimilate lipid11. With the aid of endoscopy in 
several studies, the pH in the intestinal tract of CF patients 
has been measured. The findings have shown increased 
acidity in the proximal small intestine for a longer time 
than in control patients46-48. This was further corroborated 
by the findings of Gelfond et al.18 using capsule endoscopy 
(SmartPill). This showed that for the first 30 mins, the CF 
small intestine was abnormally acidic after gastric emptying, 
which is a critical time for mixed micelle formation of bile 
salts with lipid digestion products. Furthermore, it is a critical 
time for pancreatic replacement therapy (PERT) tablet 
dissolution, thus affecting its efficacy. PERT is produced as 
microbeads containing enzymes, which are enteric coated 
so that the enzymes can pass unaffected through the acidic 
lumen of the stomach and then dissolve in the less acidic pH 
of the duodenum2.

Malnutrition
The major cause of maldigestion in CF is exocrine 

pancreatic insufficiency which can be treated by PERT49. 
However, low body mass index which is an indication 
of nutritional deficit, is also observed in a significant 
proportion of pancreatic-sufficient patients50, thus, 
pointing to abnormality in the small intestine. Steatorrhea 
(malabsorption of lipids) and malabsorption of fat-soluble 
vitamins are also observed51. Proper fat digestion and 
assimilation processes are biochemical and occur in the 
gut lumen with the absorptive enterocytes being involved. 
Several studies have been carried out to investigate these 
processes in CF patients52,53. Using stable isotope-labelled 
fatty acids, biopsies and other conventional methods, it has 
been revealed that re-esterification of absorbed fatty acids 
and release from enterocytes was slower and it has also been 
shown that postlipolytic solubilization and/or uptake of 
long chain fatty acids was impaired. Thus indicating altered 
luminal environment and intestinal mucosal aberrations 
respectively. Furthermore, the altered microbiome in the 
intestine of CF patients discussed above can contribute 
to malnutrition by deconjugating bile salts which then 
makes them ineffective to emulsify fats for digestion and 
absorption, as well as competing with the host for ingested 
nutrients. Inflammation can also ensue as a result of these 
effects and impair mucosal digestive functions2,54. 

Immune Dysfunction
There are observations that the dysregulation of CFTR 

expression in various immune cell populations in CF 
patients contribute to aberrant immune cell activity in 
several organs, especially the lung and also likely in the GI 
tract. CFTR expression and dysfunction have been detected 
in monocytes/macrophages and dendritic cells of the 
peripheral innate immune response. These cells, via antigen 
presentation, can also influence adaptive T cell responses. 
The immune response may also be influenced by CFTR 
through its expression in lymphocytes and natural killer 
(NK) cells55,56. Moreover, neutrophil intrinsic impairment 
linked to degranulation has been shown to be as a result of 
CFTR dysregulation of neutrophils in CF patients57.

Intestinal Dysmotility
Although the etiology of dysmotility in CF may be 

multifactorial, Dorsey and Gonska6 have proposed that the 
smooth muscle function (i.e. the migrating motor complex) 
may be affected and SIBO may contribute to it. Gastroparesis 
(delayed gastric emptying) is a clinical phenotype of CF 
dysmotility that occurs frequently among CF patients6.

 Appendiceal aberrations
Appendiceal aberrations are reported lower in the 

cystic fibrosis population (1%) compared to the general 
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Figure 1.  Schematic diagram of some of the effects of cystic fibrosis in some parts of the gastrointestinal tract. PI- pancreatic insufficiency, 
SI- small intestine. Source: Adapted from Li and Somerset, 2014.

population (7%). However, delayed diagnosis results in 
more complications including appendiceal abscess as this 
is masked by difficulties in interpreting ultrasonography 
findings, incorrect diagnosis of DIOS and acute symptoms 
by chronic antibiotic use10,17,58,59. A small paediatric study, 
with asymptomatic patients having cystic fibrosis and 
without appendicitis, revealed that 83.3 % of patients had 
an increased appendiceal diameter (> 6 mm) as a result of 
a mucus-filled lumen as shown by ultrasonography. This is 
usually a marker for acute appendicitis but this study shows 
that it is not a good criterion for diagnosing appendicitis in 
patients with cystic fibrosis17,59. 

Intussusception
One to two percent of patients with cystic fibrosis have 

one part of the intestine sliding into an adjacent part. An 
aberration known as intussusception and at a rate 10-20 
times higher that observed in the general population10. It 

is initiated by thickened muco-feculent material adhering 
to the intestinal mucosa or appendiceal mucocele10,17. Most 
intussuceptions are ileocolonic in nature of which about 
25% of them are linked with small bowel obstruction17,60.

All of these manifestations enumerated above has been 
corroborated by various studies using different transgenic 
mouse models of CF as well as crossing them with other 
transgenic lines61-70. These studies have supported the 
following sequence of events for the pathophysiology of 
CF in the intestine:  (1) loss of functional CFTR results in 
deficient anion and fluid transport; (2) the altered luminal 
environment impairs turnover and clearance of mucus; 
(3) static mucus allow abnormal bacterial colonization 
(microbial dysbiosis); (4) microbial dysbiosis alters 
immune system behavior; and (5) immune responses 
further stimulate mucus production and other events2.

Below in Figure 1 is a model to illustrate some of the 
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effects of cystic fibrosis in some parts of the gastrointestinal 
tract.

Cf And The Pancreas

Although the pancreas is not part of the GIT, it secretes 
digestive enzymes such as pancreatic amylase, colipase, 
lipase and protease which are responsible for the digestion 
of protein, carbohydrate and lipid by the secretion of the 
enzymes into the duodenum71-73. Inactive  pancreatic  
digestive  enzymes are secreted by the pancreatic  
acinar  cells into the acinar  lumen and extends  to  the  
pancreatic  ducts10,72,74. In the ducts are ductal cells, which 
upon induction by cAMP,  release bicarbonate  (HCO3−) 
to  make  the  acinar  secretions alkaline and dilute as 
well as neutralize  gastric  acid present in  the  duodenal  
lumen12,75.

Moreover, CFTR  is highly expressed  in  the  pancreas  
under normal conditions,  especially  in  the  small  
intercalated ducts  that  link  the  acini12,13.  Therefore 
the dysfunction of  CFTR  in CF  thus leads to decreased  
ductal  cell  secretions  of  HCO3−, Cl−,  water  and lowers  
pH .  The resultant concentrated  secretions, especially 
in  the  presence  of  macromolecules cause  dilation  and  
obstruction  of  the  ducts10,75,76. Other aberrations include 
(i) damage  of the  pancreatic  epithelium as a result of 
lower  ductal  pH because trypsinogen (inactive trypsin) 
remains inactivated in the normal alkaline medium in the 
pancreatic duct, therefore when ductal secretion of HCO3- 
is diminished, trypsinogen is activated into trypsin and 
irreversible damage is done to the acinar cells with fibrosis 
which further  reduces  the  synthesis and  exocytosis  of  
pancreatic  digestive  enzymes  and  HCO3−  (ii) depreciation 
in the digestion  and  neutralization  of  the  acidic  duodenal  
content73,77,78.

The outcome of all these dysfunctional events is exocrine  
pancreatic  insufficiency  (PI) which  is  the  leading  cause 
of  maldigestion  and  malabsorption  in  CF and manifests 
clinically when  less  than  5–10%  of  the  normal  prandial 
enzymes  are  secreted.   Although in moderate PI, a  
compensatory  release  of  pancreatic  enzyme  in  response  
to  nutrients  (particularly  undigested (triglycerides)  can  
occur71,73,77,79,80. As earlier stated, the prevalence of PI in CF 
condition increases with age and it has been shown to affect 
approximately 85–90% of CF patients worldwide10,74,81,82.

Scientific evidence of other factors that contribute to PI 
have also been documented or proposed and this include 
(i) inappropriate incorporation, especially in excess, 
of membrane phospholipids (such as arachidonic acid 
and  docosahexaenoic  acid)74,83,84 (ii) abnormal profile of 
essential fatty acids83,85 (iii) strong correlation with the 
∆F508 mutation (the most common mutation) of CFTR 
gene83,86.

Influence Of Cf On Digestion
a) CF and lipid maldigestion and malabsorption

The nature of the macronutrient determines the effect 
of PI on digestion and absorption73. Lipid digestion is 
markedly affected in CF with PI, resulting in steatorrhoea 
in untreated patients.  This is as a result of the effect 
of low  pH,  low  bile  acid  content  and  proteolysis  by  
pancreatic  chymotrypsin on pancreatic lipase11,74,79.  
Gastric lipase liberates only about 10–30% of fatty acids 
from fat emulsions73. Therefore, it is the maldigestion  
and  malabsorption of dietary lipids  and  hence  fat-
soluble  vitamins  in  the  majority  of  individuals with  
CF  if  untreated, that contribute to the malnutrition. As a 
result of this, patients with CF and PI are supplemented 
with  exogenous  pancreatic  enzymes, which  is  called  
pancreatic  enzyme  replacement  therapy  (PERT)11.

Other factors may also contribute to these observations. 
Although yet to be confirmed in humans, it has been shown 
using CFTR  knockout  mice that duodenal hyperacidity 
results in  excessive  pancreatic  HCO3− secretion thus 
exacerbating  pancreatic inflammation up-regulation  of  
pancreatic  stress  and  inflammation  genes87.  Pencharz 
and Durie88 have also reported that hyperacidity in the CF 
duodenum may also precipitate bile, resulting in micelle 
formation and lipid  absorption by  intestinal  mucosa 
being hindered because duodenal  bile  acid  concentration 
has reduced below  the  critical  micelle  concentration.  
Furthermore, the precipitation  of bile  salt may  also  
reduce  the  total  bile  pool  as a result of the  liver being  
unable  to  fully  compensate  for  the excessive  loss  via  
enterohepatic circulation.  This loss is exacerbated when 
unabsorbed neutral lipids and protein bind to bile salts.  
Thus,  maldigestion and  malabsorption  of  lipids  is  
exacerbated  by  the  hyperacidity  in CF  duodenum  and  
by  the  lack  of  lipases  due  to  PI11,88.

Li and Somerset11 and Sarenac and Mikov89 have 
reported that lipid  digestion  and  absorption  in  CF  can  be  
hindered  by  reduced bile acid  resorption, which takes place 
primarily at the distal  ileum because of a  highly efficient 
active apical Na-dependent bile acid transporter (ASBT) 
located in the apical membrane of the enterocyte.  This is 
regardless of exocrine pancreatic function.  Moreover, there 
is scientific evidence that CFTR dysfunction does not play 
any role in ileal bile acid resorption11.  

The findings of Mailhot et al.86 indicated that fatty acid 
homeostasis, in the light of CFTR depletion, is disrupted in 
enterocytes through alterations in fatty acid uptake and 
transport in conjunction with the stimulation of lipogenesis 
which occurs by a liver-X-receptor/retinoid-X-receptor 
(LXR/RXR)-independent mechanism. These findings 
exclude a contributing role of CFTR in CF-associated fat 
malabsorption86.
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Impaired intra-enterocyte processing of lipids is 
another factor that can affect lipid malabsorption in CF11.  
This has been buttressed by observations in CF duodenal 
biopsies where significant decreased esterification and 
secretion of lipids and marked reductions of lipid and 
apolipoprotein synthesis have occurred inspite of normal 
transfer protein activity levels53. However, Mailhot et al.90 
have demonstrated an inverse relationship between CFTR 
expression and intestinal lipid metabolism using intestinal 
Caco-2/15 cell line i.e. CFTR disruption evoked the 
stimulation of intestinal lipid synthesis and absorption, thus 
indicating that the primary gene defect is not responsible 
for the persistent fat malabsorption in CF patients although 
variation in CFTR protein expression appears to regulate 
lipid homeostasis86.

b) CF and carbohydrate maldigestion

The products of the pancreatic breakdown of 
carbohydrates are further hydrolysed into monomers by 
intestinal brush border glycosidases in the duodenum91. 
This terminal digestion occurs throughout the small 
intestine while the major sites for digestion and absorption 
are the duodenum and jejunum both for carbohydrates and 
proteins. The role of the ileum in the terminal digestion 
of oligosaccharides and proteins is shown by the high 
distribution of maltase and some peptidases, respectively, 
within it. There is evidence that the brush border digestive 
enzymes maybe unevenly distributed along the small 
intestine11. Apart from reports indicating modifications in 
the brush border digestive enzyme activity and absorption 
of the terminal digestion products, carbohydrate digestion 
and absorption seem  to  be  less  affected  in  CF, and the 
activity of the brush border digestive enzymes varies 
according to specific enzymes. This is also similar with 
proteins. The activities of maltase and sucrase seem to 
be unaffected in CF while lactase activity, which may be 
suppressed as determined by the genotype, maybe lower 
in the mucosa11. Also in CF, children lactose intolerance 
is not related to low bone mineral density. However, a 
number of the clinical symptoms of lactose intolerance 
such as abdominal pain, diarrhea and flatulence have been 
shown to correlate with decreased intake of calcium and 
bone mineral density thus contributing to defective bone 
health in CF patients92,93.  Further investigation is needed 
to confirm these observations. Reduced  perfusion  barrier  
following  abnormal  mucus or  enhanced Na-coupled  
nutrient  transport,  as a result of elevated  mucosal  
membrane potential following defective  Cl− transport, 
seem to improve glucose uptake but this may not be so 
with amino acids94,95.  

c) CF and protein maldigestion

Further degradation of the products of proteins 
from the catabolism in the pancreas into monomers by 

peptidases and intracellular mucosal cell peptidase takes 
place in the duodenum. Observations of decreased peptide 
hydrolysis and intestinal uptake of some amino acids in 
jejunal biopsies from CF children have been documented96. 
Moreover, studies have shown that the uptake of amino acids 
varies. The uptake may be increased, decreased or normal, 
especially the neutral amino acids and dipeptides94,97. In CF 
young adults and children, excessive fecal amino acid loss, 
has been shown to be responsible for significantly elevated 
fecal nitrogen loss98,99. 

Goblet cells are the major cell type of the gastrointestinal 
epithelium involved in mucin granules exocytosis. Using 
intestinal organoids from a CF mouse model, Liu et al 100 
demonstrated that CF goblet cells have altered exocytosis 
mechanism which involved intrathecal granule swelling 
that was closely followed by incomplete release of partially 
decondensated mucus. Their findings also indicated that 
the dysfunction is an epithelial-autonomous defect in 
the CF intestine that likely contributes to the pathology 
of mucoviscidosis and intestinal manifestations of 
inflammation and obstruction. Also, paneth cells (another 
cell type of the gastrointestinal epithelium) have toll-free 
receptors (TLRs) on the epithelial surface and in humans 
there are ten TLR family members. TLRs are capable of 
identifying pathogen associated molecular patterns101,102. 
Impaired TLR signaling can result in decreased 
antimicrobial function, causing increased bacterial 
translocation and systemic inflammation via nuclear 
factor ĸB (NF-ĸB) activation, cytokine production and 
chemokine-mediated recruitment of acute inflammatory 
cells103. All of these effects in the goblet and paneth cells 
would contribute to malabsorption of macronutrients from 
the diet.

d) CF and maldigestion of certain micronutrients

Apart from macronutrient and fat-soluble vitamins 
absorption, that of vitamin B12 and calcium acquisition may 
also be impaired in CF.  Increased secretion of intrinsic factor 
(whose function is to facilitate the transport and absorption 
of vitamin B12) by the parietal cells, after stimulation by 
pentagastrin, was observed in a small paediatric CF while 
another displayed unaffected biological activity of intrinsic 
factor study of children but the carbohydrate composition 
of the intrinsic factor appeared distorted104-106.  There are 
few reports of vitamin B12 deficiency but Naimi et al.105 
showed that absorption of food-derived B12 may not be 
significantly impaired in CF105,107. In CF murine models, 
as a result of the down-regulation of the gene coding for 
the endocytic receptor for the assimilation of the intrinsic 
factor-vitamin B12 complex, absorption of vitamin B12 
was reduced in contrast to report in humans, although this 
report needs to the confirmed11,67. In addition to potential 
lactose intolerance, decreased activity of brush  border  
alkaline  phosphatase  (which  suppresses  intestinal  
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calcium  uptake  precipitated by elevated luminal  calcium  
concentrations), may  be  related  to  calcium absorption  
and  bone  health  in  CF11. In CF individuals, bone disease 
has been found to be an additional reason for morbidity 
as the CF patient advances in age. Therefore, further 
studies in order to investigate the effect of CF on calcium 
assimilation needs to be conducted11,14. It’s established that 
severe vitamin D deficiency causes rickets in children and 
osteomalacia in adults. Therefore, suboptimal vitamin D 
levels in CF patients can contribute to low bone mineral 
density and increase the risk of low trauma fracture. 
This can be as a result of the following factors: reduced 
exposure to sunlight due to photosensitivity of quinolone 
antibiotics or poor health, reduced levels of vitamin D 
binding protein, impaired hepatic hydroxylation of vitamin 
D, reduced absorption of dietary vitamin D and supplement 
resulting from pancreatic insufficiency and low body mass 
index (BMI) leading to reduced capacity for adipose tissue 
vitamin D storage108-111.

In the light of the variations stated above in the 
digestion of macromolecules, patients with CF and PI 
are supplemented with  exogenous  pancreatic  enzymes, 
which  is  called  pancreatic  enzyme  replacement  therapy  
(PERT),  and the  dosage  is determined by the  fat  content  
of the diet rather  than the carbohydrate  or protein 
content11. Moreover, using CF murine models, it has been 
shown in the jejunum that other genetic factors affect 
nutrient absorption apart from CFTR mutations112.

Perspectives On Nutritional Intervention Protocols
Early diagnosis of CF is critical for commencement of 

treatment to avoid the development of complications, 
which is usually observed after 6 weeks of birth, especially 
severe pulmonary disease. This treatment, medical and 
nutritional, with detailed attention to the nutritional 
management of CF patients has led to improvement in 
them being able to thrive. The predicted median age for the 
survival of CF patients in the UK in 2014 was 40.1 years; 45 
years for babies born in the 2010 in the U.S and 49.7 years 
in Canada based on the data in 2007111,113. In addition to 
newborn screening-program (NSBP), which enables early 
diagnosis, patients are also referred to multidisciplinary 
CF centers which are staffed with a ranged of professionals 
which include specialist CF dietician, pulmonologists, social 
workers, psychologists, pharmacists and microbiologists. 
Thus resulting in fewer hospital admissions and the 
children leading healthier lives111,113. 

It has been established that nutritional management 
is an essential part of multidisciplinary care for peadiatric 
and adult CF patients. Therefore, periodic and regular 
assessment by a specialist CF dietician would serve to 
provide early detection of any adverse change in nutritional 
status (which includes weight, height, BMI and occipital-
frontal or head circumference)111. For over 35 years, a 

high-fat, high-energy diet has been an integral part of 
the nutritional management of CF. Moreover, apart from 
increasing the energy content of the diet, fat-soluble vitamin 
supplementation, oral nutritional supplementation, 
behavioural interventions, enteral tube feeding (including 
employment for PERT) and parenteral nutrition have all 
been shown to improve weight gain in CF patients, which 
in turn has improved growth and nutritional status of the 
patients and therefore enhanced thriving111,114,115. Since 
Cochrane reviews have stated a lack of controlled trials that 
are randomized to examine the outcomes of nutritional 
interventions for weight gain in CF patients, nutritional 
guidelines are largely based on experiential learning, 
expert opinion and therefore advise a stage approach to 
nutritional intervention111,116-119. Moreover, the position of 
the CF patient with regards to pancreatic sufficiency or 
insufficiency determines the nutritional regimen111.

Conclusion
Maldigestion and  malabsorption  of  lipids  is  

exacerbated  by  the  hyperacidity  in CF  duodenum  and  by  
the  lack  of  lipases  due  to  pancreatic insufficiency , as well 
as reduced bile acid  resorption in the ileum. Carbohydrate 
and protein digestion and absorption seem to be less 
affected in CF while that of vitamin B12 and calcium still 
needs to be well established in the CF condition of humans.

Conflict Of Interest
The author declares that there is no conflict of interest.

Acknowledgement 
The author would like to appreciate the Journal of 

Immunological Sciences for inviting this article

References
1. Anderson KJ, Cormier RT, Scott PM. Role of ion channels in 

gastrointestinal cancer. World J Gastroenterol. 2019; 14: 25(38): 
5732-5772.

2. De Lisle RC, Borowitz D. The cystic fibrosis intestine. Cold Spring Harb 
Perspect Med. 2013; 3:a009753. DOI:10.1101/cshperspect.a009753

3. Scott P, Anderson K, Singhania M, Cormier R. Cystic Fibrosis, CFTR, 
Colorectal cancer. Int J Mol Sci. 2020; 21(8): 2891. https://doi.
org/10.3390/ijms21082891 

4. Eisenhut M. Changes in ion transport in inflammatory disease. J 
Inflamm. 2006; 3:5. DOI: 10.1186/1476-9255-3-5

5. Suaud L, Ruberstein RC. Cystic fibrosis: The genetics of cystic fibrosis. 
London, UK: Informa  Healthcare;  2010.  

6. Dorsey J, Gonska T. Bacterial overgrowth, dysbiosis, inflammation, 
and dysmotility in the cystic fibrosis intestine. J Cyst Fibros. 2017; 16: 
S14- S23.

7. Maitra A. Robbins and Cotran Pathologic Basis of Disease: Cystic 
Fibrosis. 9th edition. Philadelphia, USA: Elsevier; 2015.

8. Sorscher EJ. Harrison’s Principles of Internal Medicine: Cystic 
Fibrosis. New York, USA: McGraw-Hill Education; 2015.

9. Ishiguro H, Yamamoto A, Nakakuki M, Lanjuan Y, Ishiguro M, 
Yamaguchi M, Kondo S, Mochimaru Y. Physiology and pathophysiology 



Adeyemo-Salami OA. Cystic Fibrosis in the Intestine and the Influence on Digestion. 
J Immunological Sci. (2020); 4(3): 22-32

Journal of Immunological Sciences

Page 30 of 32

of bicarbonate secretion by pancreatic duct epithelium. Nagoya J. 
Med. Sci. 2012; 74 (1-2): 1-18.

10. Wilschanski M, Durie PR.  Patterns  of  GI  disease  in  adulthood  
associated  with mutations  in  the  CFTR  gene.  Gut. 2007; 56:1153–63.

11. Li L, Somerset S. Digestive system function in cystic fibrosis: 
Challenges for nutrition therapy. Digestive and Liver Disease. 2014; 
46: 865-874. 

12. Strong TV, Boehm K, Collins FS. Localization of cystic fibrosis 
transmembrane conduct-ance regulator mRNA in the human 
gastrointestinal tract by in situ hybridization. J Clin Invest. 1994; 
93:347–354. 

13. Wilschanski M, Novak I. The cystic fibrosis of exocrine pancreas. Cold 
Spring Harb Perspect Med. 2013; 3: a009746.

14. Capurso G, Traini M, Piciucchi M, Signoretti M, Arcidiacono PG. 
Exocrine pancreatic insufficiency: prevalence, diagnosis and 
management. Clin Exp Gastroenterol. 2019; 12: 129-139.

15. Cipolli M, Castellani C, Wilcken B, Massie J, McKay K, Gruca M, 
Tamanini A, Assael MB, Gaskin K. Pancreatic phenotype in infants 
with cystic fibrosis identified by mutation screening. Arch Dis Child. 
2007; 92:842–846.

16. Ferec C, Cutting GR. Assessing the disease-liability of mutations in 
CFTR. Cold Spring Harb Perspect Med. 2012; 2: a009480.

17. Ooi CY, Durie PR. Cystic fibrosis from the gastroenterologist’s 
perspective. Nat Rev Gastroenterol Hepatol. 2016; 13 (3): 175-185. 
DOI: 10.1038/nrgastro.2015.226

18. Gelfond D, Ma C, Semler J, Borowitz D. Intestinal pH and 
gastrointestinal transit profiles in cystic fibrosis patients measured 
by wireless motility capsule. Dig Dis Sci. 2013. DOI: 10.1007/s10620-
012-2209-1.

19. Gelfond D, Borowitz D. Gastrointestinal complications of cystic 
fibrosis. Clin Gastroenterol Hepatol. 2012; 11 (4): 333-342.

20. Rubinstein S, Moss R, Lewiston N. Constipation and meconium ileus 
equivalent in patients with cystic fibrosis. Pediatrics. 1986; 78:473–479.

21. van der Doef HP, Kokke FT, Beek FJ, Woestenenk JW, Froeling SP, 
Houwen RH. Constipation in pediatric cystic fibrosis patients: An 
underestimated medical condition. J Cyst Fibros. 2010; 9:59– 63.

22. Garg M., Ooi CY. The enigmatic gut in cystic fibrosis: Linking 
inflammation, dysbiosis, and the increased risk of malignancy. Curr. 
Gastroenterol. Rep. 2017; 19: 6.

23. Vernocchi P, Chierico FD, Russo A, Majo F, Rossitto M, Valerio M, 
Casadei L, La Storia A, De Filippis F, Rizzo C, Manetti C, Paci P, Ercolini 
D, Marini F, Fiscarelli EV, Dallapiccola B, Lucidi V, Miccheli A, Putignani 
L. Gut microbiota signatures in cystic fibrosis: Loss of host CFTR 
function drives the microbiota enterophenotype. PLoS ONE. 2018; 13 
(12): e0208171. https://doi.org/10.1371/journal.pone.0208171.

24. Burke DG, Fouhy F, Harrison M.J, Rea MC, Cotter PD, O’Sullivan O, 
Stanton C, Hill C, Shanahan F, Plant BJ, Ross RP. The altered gut 
microbiota in adults with cystic fibrosis. BMC Microbiology. 2017; 17: 
58. DOI. 10.1186/s12866-017-0968-8.

25. Cox MJ, Allgaier M, Taylor B, Baek MS, Huang Y., Daly RA, Karaoz U, 
Andersen GL, Brown R, Fujimura KE, Wu B, Tran D, Koff JL, Kleinhenz 
ME, Nielson D, Brodie EL, Lynch SV. Airway microbiota and pathogen 
abundance in age-stratified cystic fibrosis patients. PLoS ONE. 2010; 
5: 11044.

26. Singh VV, Toskes PP. Small bowel bacterial overgrowth: Presentation, 
diagnosis, and treatment. Curr Gastroenterol Rep. 2003; 5:365– 372.

27. Hoffman LR, Pope CE., Hayden HS, Heltshe S, Levy R, McNamara 
S, Jacobs MA, Rohmer L, Radey M, Ramsey BW, Brittnacher MJ, 
Borenstein E, Miller SI. Escherichia coli dysbiosis correlates with 
gastrointestinal dysfunction in children with cystic fibrosis. Clin Infect 
Dis. 2013. DOI: 10.1093/cid/cit715. 

28. Ikpa PT, Meijsen KF, Nieuwenhuijze NDA, Dulla K, de Jonge HR and 
Bijvelds MJC. Transcriptome analysis of the distal small intestine 
of Cftr nul mice. Genomics. 2020. https://doi.org/10.1016/j.
ygeno.2019.06.028. 

29. Coffey MJ, Nielsen S, Wemheuer B, Kaakoush NO, Garg M, Needham B, 
Pickford R, Jaffe A, Thomas T, Ooi CY. Gut microbiota in children with 
cystic fibrosis: A taxonomic and functional dysbiosis. Sci Rep. 2019; 9: 
18593. https://doi.org /10.1038/ s41598-019-55028-7.

30. Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut microbiota in health 
and disease. Physiol Rev. 2010; 90:859– 904.

31. Yahav J, Samra Z, Blau H, Dinari G, Chodick G, Shmuely H. Helicobacter 
pylori and Clostridium difficile in cystic fibrosis patients. Dig Dis Sci 
2006; 51: 2274–2279.

32. Nieuwenhuijs VB, Verheem A, Duijvenbode-Beumer H, Visser MR, 
Verhoef J, Gooszen HG, Akkermans LM. The role of interdigestive small 
bowel motility in the regulation of gut microflora, bacterial overgrowth, 
and bacterial translocation in rats. Ann Surg. 1998; 228: 188–193.

33. Pelaseyed T., Bergstrom JH, Gustafsson JK, Ermund A, Birchenough 
GMH, Schutte A, van der Post S, Svensson F, Rodríguez-Pineiro AM, 
Nystrom EEL, Wising C, Johansson MEV, Hansson GC. The mucus and 
mucins of the goblet cells and enterocytes provide the first defence 
line of the gastrointestinal tract and interact with the immune system. 
Immunol Rev.  2014; 260 (1): 8-20. DOI: 10.1111/imr.12182 

34. Smyth RL, Croft NM, O’Hea U, Marshall TG, Ferguson A. Intestinal 
inflammation in cystic fibrosis. Arch Dis Child. 2000; 82:394–399.

35. Raia V, Maiuri L, De Ritis G, De Vizia B, Vacca L, Conte R, Auricchio S, 
Londei M. Evidence of chronic inflammation in morphologically normal 
small intestine of cystic fibrosis patients. Pediatr Res. 2000; 47: 344–350.

36. Werlin SL, Benuri-Silbiger I, Kerem E, Adler SN, Goldin E, Zimmerman 
J, Malka N, Cohen L, Armoni S, Yatzkan-Israelit Y, Bergwerk A, Aviram 
M, Bentur L, Mussaffi H, Bjarnasson I, Wilschanski M. Evidence of 
intestinal inflammation in patients with cystic fibrosis. J Pediatr 
Gastroenterol Nutr. 2010; 51: 304–308.

37. Chang D-E, Smalley DJ, Tucker DL, Leatham MP, Norris WE, Stevenson 
SJ, Anderson AB, Grissom JE, Laux DC, Cohen PS, Conway T. Carbon 
nutrition of Escherichia coli in the mouse intestine. Proc Natl Acad Sci 
U S A. 2004; 101:7427–7432.

38. Martinez-Medina M, Denizot J, Dreux N, Robin F, Billard E, Bonnet R, 
Darfeuille-Michaud A and Barnich N. Western diet induces dysbiosis 
with increased E. coli in CEABAC10 mice, alters host-barrier function 
favouring AIEC colonization. Gut. 2014; 63 (1): 116-124. 

39. Arthur JC, Perez-Chanona E, Mühlbauer M, Tomkovich S, Uronis 
JM, Fan T-J , Campbell BJ , Abujamel T, Dogan B, Rogers AB, Rhodes 
JM, Stintzi A, Simpson KW, Hansen JJ, Keku TO,  Fodor AA, Jobin C. 
Intestinal inflammation targets cancer-inducing activity of the 
microbiota. Science 2012; 338:120–123.

40. Semova I, Carten JD, Stombaugh J, Mackey LC, Knight R, Farber SA, 
Rawls JF. Microbiota regulate intestinal absorption and metabolism 
of fatty acids in the zebrafish. Cell Host Microbe 2012; 12: 277–288.

41. Fluge G, Olesen HV, Gilljam M, Meyer P, Pressler T, Storrosten OT, 
Karpati F, Hjelte L. Co-morbidity of cystic fibrosis and celiac disease in 
Scandinavian cystic fibrosis patients. J Cyst Fibros. 2009; 8:198–202.

42. Walkowiak J, Blask-Osipa A, Lisowska A, Oralewska B, Pogorzelski A, 
Cichy W, Sapiejka E, Kowalska M, Korzon M, Szaflarska-Poplawska 
A. Cystic fibrosis is a risk factor for celiac disease. Acta Biochim Pol. 
2010; 57:115–118.

43. MacDonald TT, Monteleone G. Immunity, inflammation, and allergy in 
the gut. Science. 2005; 307:1920–1925.

44. Chen P, Zhou G, Lin J, Li L, Zeng Z, Chen M and Zhang S. Serum 
biomarkers of inflammatory bowel disease. Front Med. 2020. https://
doi.org/10.3389/fmed.2020.00123. 



Adeyemo-Salami OA. Cystic Fibrosis in the Intestine and the Influence on Digestion. 
J Immunological Sci. (2020); 4(3): 22-32

Journal of Immunological Sciences

Page 31 of 32

45. Condino AA, Hoffenberg EJ, Accurso F, Penvari C, Anthony M, Gralla J, 
O’Connor JA. Frequency of ASCA seropositivity in children with cystic 
fibrosis. J Pediatr Gastroenterol Nutr. 2005; 41: 23–26.

46. Barraclough M, Taylor CJ. Twenty-four hour ambulatory gastric 
and duodenal pH profiles in cystic fibrosis: Effect of duodenal 
hyperacidity on pancreatic enzyme function and fat absorption. J 
Pediatr Gastroenterol Nutr. 1996; 23:45– 50.

47. Dalzell AM, Heaf DP. Oro-caecal transit time and intra-luminal pH in 
cystic fibrosis patients with distal intestinal obstruction syndrome. 
Acta Univ Carol [Med](Praha). 1990; 36: 159–160.

48. Robinson PJ, Smith AL, Sly PD. Duodenal pH in cystic fibrosis and its 
relationship to fat malabsorption. Dig Dis Sci. 1990; 35:1299–1304.

49. Baker SS, Borowitz D, Duffy L, Fitzpatrick L, Gyamfi J, Baker RD. 
Pancreatic enzyme therapy and clinical outcomes in patients with 
cystic fibrosis. J Pediatr. 2005; 146:189–193.

50. Kumar M, Potter E, Berschback N, McColley SA. Nutritional status in 
children with pancreatic sufficient cystic fibrosis. Pediatr Pulmonol. 
2010; 45 (Suppl 33): 412 (abstract).

51. Rovner AJ, Stallings VA, Schall JI, Leonard MB, Zemel BS. Vitamin D 
insufficiency in children, adolescents, and young adults with cystic 
fibrosis despite routine oral supplementation. Am J Clin Nutr. 2007; 
86:1694– 1699.

52. Kalivianakis M, Minich DM, Bijleveld CM, Van Aalderen WM, Stellaard 
F, Laseur M, Vonk RJ, Verkade HJ. Fat malabsorption in cystic fibrosis 
patients receiving enzyme replacement therapy is due to impaired 
intestinal uptake of long-chain fatty acids. Am J Clin Nutr. 1999; 
69:127–134.

53. Peretti N, Roy CC, Drouin E, Seidman E., Brochu P, Casimir G, Levy 
E. Abnormal  intracellular  lipid  processing  contributes  to  fat  
malabsorption  in  cystic  fibrosis  patients.  Am J Physiol Gastrointest 
Liver Physiol.  2006; 290: G609–615.

54. Peuhkuri K, Vapaatalo H, Korpela R. Even low-grade inflammation 
impacts on small intestinal function. World J Gastroenterol. 2010; 
16:1057– 1062.

55. Johansson J, Vezzalini M, Verze G, Caldrer S, Bolognin S,  Buffelli M, 
Bellisola G, Tridello G, Assael BM, Melotti P, Sorio C. Detection of CFTR 
protein in human leukocytes by flow cytometry. Cytometry 2014; 85: 
611–620.

56. Mulcahy EM, Cooley MA, McGuire H, Asad S, Fazekas de St Groth B, 
Beggs, SA, Roddam LF. Widespread alterations in the peripheral blood 
innate immune cell profile in cystic fibrosis reflect lung pathology. 
Immunol. Cell Biol. 2019; 97: 416–426. 

57. Pohl K, Hayes E, Keenan J, Henry M, Meleady P, Molloy K, Jundi B, 
Bergin DA, McCarthy C, McElvaney OJ, White MM, Clynes M, Reeves EP, 
McElvaney  NG. A neutrophil intrinsic impairment affecting Rab27a 
and degranulation in cystic fibrosis is corrected by CFTR potentiator 
therapy. Blood. 2014; 124: 999–1009.

58. Shields MD, Levison H, Reisman JJ,Durie PR, Canny GJ. Appendicitis in 
cystic fibrosis. Arch. Dis. Child. 1991; 66: 307-310; 

59. Lardenoye SW, Puylaert JB, Smit MJ, Holscher HC. Appendix in children 
with cystic fibrosis: US features. Radiology. 2004; 232: 187-189; 

60. Robertson MD, Choe KA, Joseph PM. Review of the abdominal 
manifestations of cystic fibrosis in the adult patient. Radiographics. 
2006; 26: 679-690.

61. Bradford EM, Sartor MA, Gawenis LR, Clarke LL, Shull GE. Reduced 
NHE3-mediated Na+ absorption increases survival and decreases 
the incidence of intestinal obstructions in cystic fibrosis mice.Am J 
Physiol Gastrointest Liver Physiol. 2009; 296: G886–G898.

62. Canale-Zambrano JC, Auger ML, Haston CK. Tolllike receptor-4 
genotype influences the survival of cystic fibrosis mice. Am J Physiol 
Gastrointest Liver Physiol. 2010; 299: G381–G390.

63. Clarke LL, Harline MC. Dual role of CFTR in cAMP stimulated HCO3
- 

secretion across murine duodenum. Am J Physiol Gastrointest Liver 
Physiol. 1998; 274: G718– G726.

64. De Lisle RC, Meldi L, Flynn M, Jansson K. Altered eicosanoid 
metabolism in the cystic fibrosis mouse small intestine. J Pediatr 
Gastroenterol Nutr. 2008; 47:406–416.

65. De Lisle RC, Sewell R, Meldi L. Enteric circular muscle dysfunction in 
the cystic fibrosis mouse small intestine. Neurogastroenterol Motil. 
2010; 22: 341–e87.

66. Malmberg EK, Noaksson KA, Phillipson M, Johansson ME, Hinojosa-
Kurtzberg M, Holm L, Gendler SJ, Hansson GC. Increased levels of 
mucins in the cystic fibrosis mouse small intestine and modulator 
effects of the Muc1 mucin expression. Am J Physiol Gastrointest Liver 
Physiol. 2006; 291: G203–G210.

67. Norkina O, Burnett TG, De Lisle RC. Bacterial overgrowth in the cystic 
fibrosis transmembrane conductance regulator null mouse small 
intestine. Infect Immun. 2004;  72: 6040–6049.

68. Snouwaert JN, Brigman KK, Latour AM, Malouf NN, Boucher RC, 
Smithies O, Koller BH. An animal model for cystic fibrosis made by 
gene targeting. Science. 1992;  257: 1083– 1088.

69. Young FD, Newbigging S, Choi C, Keet M, Kent G, Rozmahel RF. 
Amelioration of cystic fibrosis intestinal mucous disease in mice by 
restoration of mCLCA3. Gastroenterology. 2007; 133:1928–1937.

70. Zhou L, Dey CR, Wert SE, DuVall MD, Frizzell RA, Whitsett JA. Correction 
of lethal intestinal defect in a mouse model of cystic fibrosis by human 
CFTR. Science. 1994; 266: 1705– 1708.

71. Al-Kaade S. Exocrine pancreatic insufficiency. (updated 3rd February, 
2020; cited 18th July, 2020). Available from: https://emedicine.
medscape.com/article/2121028-overview.

72. Bowen R. Exocrine secretion of the pancreas. Vivo Pathophysiology. 
http://www.vivo.colostate.edu/hbooks/pathphys/digestion/
pancreas/exocrine.html (cited 18th July, 2020)

73. Whitcomb D, Lowe  M.  Human  pancreatic  digestive  enzymes.  Dig 
Dis Sci.  2007; 52:1–17.

74. Taylor  CJ,  Aswani  N.  The pancreas in cystic fibrosis.  Paediatr  Respir 
Rev.  2002; 3: 77–81.

75. Grapin-Botton  A.  Ductal cells of the pancreas.  Int J Biochem Cell Biol. 
2005; 37: 504–510, 

76. Mohamad B, Youming X, Sun F. Structure function relationships of CFTR 
in health and disease: The pancreas story. Pancreapedia: Exocrine 
Pancreas Knowledge Base. 2018. DOI: 10.3998/panc.2018.15.

77. Ferrone  M,  Raimondo  M,  Scolapio  JS.  Pancreatic  enzyme  
pharmacotherapy. Pharmacotherapy.  2007; 27: 910–920.

78. Pallagi  P,  Venglovecz  V,  Rakonczay  Jr  Z,  Borka K, Korompay A, 
Ozsvari B, Judak L, Sahin-Toth M, Geisz A, Schnur A, Maleth J, Takacs T, 
Gray MA, Argent BE, Mayerle J, Lerch MM, Witttman T, Hegyi P. Trypsin  
reduces  pancreatic  ductal  bicarbonate  secretion  by  inhibiting  
CFTR  Cl− channels  and  luminal  anion exchangers.  Gastroenterol.  
2011; 141: 2228–39.e6.

79. Layer P, Keller J.  Pancreatic  enzymes:  secretion  and  luminal  nutrient  
digestion in health  and  disease.  J Clin Gastroenterol.  1999; 28: 3–10. 

80. Mascarenhas  M,  Maqbool  A.  Cystic  fibrosis: Gastrointestinal  
complications  of  cystic  fibrosis. London, UK: Informa Healthcare; 2010.  

81. CFA. Cystic  fibrosis  in  Australia.  12th  annual  report  from  the  
Australian Cystic  Fibrosis  Data  Registry.  Annual  report.  Sydney; 
2009.

82. Ledder O, Haller W, Couper RTL, Lewindon P and Oliver M. Cystic 
fibrosis an update of clinicians. Part 2: Hepatobiliary and pancreatic 
manifestations. J Gastroenterol Hepatol. 2014; 29: 1954-1962.



Adeyemo-Salami OA. Cystic Fibrosis in the Intestine and the Influence on Digestion. 
J Immunological Sci. (2020); 4(3): 22-32

Journal of Immunological Sciences

Page 32 of 32

83. Mimoun  M,  Coste  TC,  Lebacq  J, Lebecque P, Wallemacq P, Leal 
T, Armand M. Increased  tissue  arachidonic  acid  and reduced  
linoleic  acid  in  a  mouse  model  of  cystic  fibrosis  are  reversed  by  
supplemental  glycerophospholipids  enriched  in  docosahexaenoic  
acid.  J Nutr.  2009; 139: 2358–2364.

84. Ollero  M,  Laposata  M,  Zaman  MM, Blanco PG, Andersson C, Zeind J, 
Urman Y, Kent G, Alvarez JG, Freedman SD. Evidence  of  increased  flux  
to  n-6 docosapentaenoic acid  in  phospholipids  of  pancreas  from  
cftr−/− knockout mice.  Metabolism.  2006; 55: 1192–1200. 

85. Coste  TC,  Deumer  G,  Reychler  G,  Lebecque P, Wallenmacq P, Leal 
T. Influence  of  pancreatic  status  and  sex on  polyunsaturated  fatty  
acid  profiles  in  cystic  fibrosis.  Clin  Chem. 2008; 54:388–395.

86. Mailhot G, Rabasa-Lhoret R, Moreau A, Berthiaume Y, Levy E. CFTR 
Depletion Results in Changes in Fatty Acid Composition and Promotes 
Lipogenesis in Intestinal Caco 2/15 Cells. PLoS ONE. 2010; 5(5): 
10.1371/annotation/f9b8a9d2-4be3-4981-92f4-a3b4cb 0b 0bf5. 
https://doi.org/10.1371/annotation/f9b8a9d2-4be3-4981-92f4-
a3b4cb 0b 0 bf5

87. Kaur S, Norkina  O,  Ziemer  D, Samuelson LC, De Lisle RC. Acidic  
duodenal  pH  alters  gene  expression  in  the  cystic  fibrosis  mouse  
pancreas.  Am J Physiol Gastrointest Liver Physiol. 2004; 287: G480–
490. DOI: 10.1152/ajpgi.00035.2004. 

88. Pencharz  PB,  Durie  PR.  Pathogenesis  of  malnutrition  in  cystic  
fibrosis,  and  its treatment.  Clin  Nutr.  2000; 19: 387–394.

89. Sarenac TM and Mikov M. Bile acid synthesis: From nature to the 
chemical modification and synthesis and their applications as drugs 
and nutrients. Front Pharmacol. 2018. https://doi.org/10.3389/
fphar.2018.00939

90. Mailhot G, Ravid Z, Barchi S, Moreau A, Rabasa-Lhoret R, Levy E. CFTR 
knockdown stimulates lipid synthesis and transport in intestinal 
Caco-2/15 cells. Am J Physiol Gastrointest Liver Physiol. 2009; 297: 
G1239–G1249.

91. Brownlee  IA.  The physiological roles of dietary fibre.  Food  
Hydrocolloids 2011; 25: 238–250.

92. Aris  RM,  Ontjes  DA,  Buell  HE, Blackwood AD, Lark RK, Caminiti M, 
Brown SA, Renner JB, Chalermskulrat W, Lester GE. Abnormal bone 
turnover in cystic fibrosis adults.  Osteoporos  Int.  2002; 13: 151–157.

93. Madry  E,  Krasinska B,  Drzymala-Czyz S, Sands D, Lisowska A, 
Grebowiec P, Minarowska A, Oralewska B, Mankowski P, Moczko J, 
Walkowiak J. Lactose  intolerance  is  a  risk  factor for  decreased  
bone  mineral  density  in  pancreatic  insufficient  cystic  fibrosis 
patients.  Eur J Hum Genet. 2012; 20(10): 1092-1095.

94. Baxter P, Goldhill J,  Hardcastle J,  Hardcastle PT, Taylor CJ. Enhanced 
intestinal glucose and alanine transport in cystic fibrosis.  Gut.  1990; 
31:817–820.

95. Frase  LL,  Strickland  AD,  Kachel  GW,  Krejs GJ.  Enhanced  glucose  
absorption in the  jejunum  of  patients  with  cystic  fibrosis.  
Gastroenterol. 1985; 88: 478–484.

96. Morin CL, Roy CC, Lasalle R, Bonin A. Small bowel mucosal dysfunction 
in patients with cystic fibrosis.  J Pediatr.  1976; 88: 213–216.

97. Milla  PJ,  Kilby  A,  Rassam  UB,  Ersser R, Harries JT.  Small  intestinal  
absorption  of  amino  acids and  a  dipeptide  in  pancreatic  
insufficiency.  Gut. 1983; 24:818–824.

98. Lapey A, Kattwinkel J, di Sant’Agnese PA, Laster L. Steatorrhea  
and  azotorrhea and  their  relation  to  growth  and  nutrition  in  
adolescents  and  young  adults with  cystic  fibrosis.  J Pediatr.  1974; 
84: 328–334.

99. Shmerling  D,  Forrer  J,  Prader  A.  Fecal  fat  and  nitrogen  in  healthy  
children and  in  children  with  malabsorption  or  maldigestion.  
Pediatrics.  1970; 46: 690–695

100. Liu J, Walker NM, Ootani A, Strubber AM, Clarke LL. Defective goblet 
cell exocytosis contributes to murine cystic fibrosis-associated 
intestinal disease. J Clin Invest. 2015; 125(3):1056-1068. https://
doi.org/10.1172/JCI73193

101. Hennessy C, McKernan DP. Epigenetics and innate immunity: the 
“unTolld” story. Immunol Cell Biol. 2016; 94:631-639; 

102. McKernan DP. Toll-like receptors and immune cell crosstalk in the 
intestinal epithelium. AIMS Allergy and Immunology. 2019; 3(1): 13-
31. DOI:10.3934/  Allergy. 2019.1.13

103. Friedman AB, Gibson PR. Inflammatory bowel disease-Crohn’s 
disease and ulcerative colitis. In: Reference module in Biomedical 
sciences[Abstract]. 2014.

104. Monin  B,  Gueant  JL,  Gerard  A,  Michalski JC, Vidailhet M, Grignon G, 
Nicolas JP. Physicochemical  characterization  and biological  activity  
of  intrinsic  factor  in  cystic  fibrosis.  J Pediatr Gastroenterol Nutr.  
1990; 10: 87–94.

105. Naimi  D,  Guéant  JL,  Hambaba  L, Vidailhet M, Monin B, Nicolas JP. 
Gastric intrinsic factor hypersecretion stimulated by pentagastrin in 
cystic fibrosis. J Pediatr  Gastroenterol Nutr. 1987; 6: 899–903.

106. Shao J, Carmel  R,  Alpers  D.  Production  of  ectopic  gastric  intrinsic  
factor  in  gastric  mucosa  of  humans  with  chronic  gastritis.  Dig  Dis 
Sci. 2011; 56: 3209–3219.

107. Rucker RW, Harrison GM. Vitamin B12 deficiency in cystic fibrosis. N 
Engl J Med.1973; 289 (6): 329.

108. Haworth CS, Selby PL, Webb AK, Dodd ME, Musson H, Niven RM, 
Economou G, Horrocks AW, Freemont AJ, Mawer EB, Adams JE. Low 
bone mineral density in adults with cystic fibrosis. Thorax. 1999; 54 
(11):961-967.

109. Hall WB, Sparks AA, Aris RM. Vitamin D deficiency in cystic fibrosis. 
Int J Endocrinol. [Internet]. 2010; 2010: 1-9. Available from: http://
www.hindawi.com/ journals/ije/2010/218691/

110. Sermet-Gaudelus I, Bianchi ML, Garabedian M, Aris RM, Morton A, 
Hardin DS, Elkin SL, Compston JE, Conway SP, Castanet M, Wolfe S, 
Haworth CS. European cystic fibrosis bone mineralization guidelines. 
J Cyst Fibros. 2011; 10(Suppl 2): 516-523. 

111. Cystic Fibrosis Trust. Nutritional Management of Cystic Fibrosis. 2nd 
Edition. London: U.K. 2016.

112. Toth B, Leonhard-Marek S, Hedrich H, Breves G. Characterisation  of  
electrogenic nutrient  absorption  in  the  cftrtgh(neoim)hgu mouse  model.  
J Comp Physiol  B.  2008;178: 705–712.

113. Stewart C, Pepper MS. Cystic fibrosis on the African continent. Genet 
Med. 2016; 18 (7): 653-662. DOI: 10.1038/ghn.2015.157.

114. Jelalian E, Stark LJ, Reynolds L, Seifer R. Nutrition intervention for 
weight gain in cystic fibrosis: a meta analysis. J Pediatr. 1998; 132 (3 
pt 1): 486-492. 

115. Woestenenk JW, Castelijns SJ a M, van der Ent CK, Houwen RHJ. 
Nutritional intervention in patients with Cystic Fibrosis: A systematic 
review. J Cyst Fibros. 2012; 12 (2): 102-115.

116. Borowitz D, Baker RD, Stallings V. Consensus report on nutrition for 
paediatric patients with cystic fibrosis. J Paediatr Gastroenterol Nutr. 
2002; 35: 246-259.

117. Sinaasappel M., Stern M, Littlewood J, Wolfe S, Steinkamp G, Heijerman 
HGM Robberecht E, Doring G. Nutrition in patients with cystic fibrosis: 
a European Consensus. J Cyst Fibros. 2002; 1(2): 51-75

118. Morton A, Wolfe S. Enteral tube feeding for cystic fibrosis. Cochrane 
database Syst Rev 2015; 4:CD001198.

119. Smyth RL, Rayner O. Oral calorie supplements for cystic fibrosis. 
Cochrane database Syst Rev. 2014; 11: CD000406.

https://doi.org/10.1172/JCI73193
https://doi.org/10.1172/JCI73193
http://www.hindawi.com/ journals/ije/2010/218691/
http://www.hindawi.com/ journals/ije/2010/218691/

	Title
	Correspondence
	ABSTRACT
	Abstract
	List Of Abbreviations
	Introduction
	Evidences Of Cf In The Intestine
	Obstruction
	Microbial Dysbiosis
	Inflammation
	The effect of acidity in the Intestinal tract
	Malnutrition
	Immune Dysfunction
	Intestinal Dysmotility
	 Appendiceal aberrations

	Intussusception
	Cf And The Pancreas
	Influence Of Cf On Digestion
	Perspectives On Nutritional Intervention Protocols
	Conclusion
	Conflict Of Interest
	Acknowledgement 
	Figure 1
	References

