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Sweat chloride concentration and pancreatic exocrine function
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Excretion of hypotonic sweat by eccrine sweat gland is achieved by re-absorption of NaCl by sweat duct which
is an important function to prevent the salt loss and heat prostration. The CI- transport by sweat duct is mediated by
cystic fibrosis transmembrane conductance regulator (CFTR) anion channel. CFTR is the causative gene for cystic
fibrosis, an autosomal recessive genetic disease. CFTR functions as a cAMP-dependent anion channel localized in
the apical membrane of various epithelia. Loss of function due to severe mutations in both alleles causes typical
cystic fibrosis characterized by dehydrated, thick, and viscous luminal fluid/mucus in the respiratory and gastrointes-
tinal tract, pancreatic duct, and vas deferens. Cystic fibrosis is the most common genetic disease in Caucasians (1 per
~3,000 births) but it is rare in the Asian population including Japanese (1 per ~1.5 million). A compound heterozy-
gote of mutations/polymorphisms (causing a mild dysfunction of CFTR) involves a risk of developing CFTR-related
diseases (or atypical cystic fibrosis) such as chronic pancreatitis and male infertility due to congenital bilateral
absence of the vas deferens (CBAVD). Recent studies suggest that CFTR mutations/polymorphisms are frequently
found in Japanese patients with chronic pancreatitis, CBAVD and diffuse panbronchiolitis. CI- concentration in the
sweat is a useful measure of CFTR function in human. The sweat [Cl'] in healthy subjects is correlated with ages.
High levels (>60 mM) of sweat [Cl"] suggest the dysfunction of CFTR.
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Figure 1. Generation of hypotonic sweat by human sweat gland.

Secretory coil produces isotonic primary sweat by regulation with sympathetic
nerve. As the sweat flows through sweat duct, NaCl is absorbed by duct epithelium.
Because water permeability of sweat duct is relatively low, hypotonic sweat is
excreted. Transepithelial Cl- transport by sweat duct is mediated by cystic fibrosis
transmembrane conductance regulator (CFTR) anion channel.
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Figure 2. Measurement of chloride concentrations of insensible sweat collected from thumb.
A: Simultaneous sampling of sweat and measurement of sweat rate of the left and right thumbs. B:
An example of the time course of sweat rate. C: Sweat Cl concentration with reference to the age in

healthy subjects (n =73, r=0.41, p<0.01).
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Figure 3. Physiological roles of CFTR in respiratory tract.
A: Ciliated epithelial cells in alveolus and distal airway. B: CFTR regulates Na* absorption in ciliated epithelial cells. C:
Serous acinar cells in submucosal glands. D: CFTR mediates ClI" and HCO;™ secretion in serous acinar cells.
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Figure 4. Physiological roles of CFTR in exocrine pancreas.
A: Pancreatic duct tree. B: Localization of CFTR in guinea-pig pancreas. C: Luminal microperfusion of isolated

interlobular pancreatic duct (diameter: ~100 pm). D: HCO;™ transport across the apical membrane of isolated
pancreatic duct from cystic fibrosis mouse.
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