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Editor's CornEr

The gene encoding the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) was cloned in 19891,2 and its major muta-
tion ΔF508 was identified in over 70% of patients with CF,3 an 
autosomal recessive disease commonly found in Caucacian and 
Western populations. CF is characterized by a hallmark defect 
in electrolyte and fluid transport in almost all tissues with exo-
crine function, with a wide spectrum of clinical manifestations, 
including chronic lung disease, pancreas insufficiency, and infer-
tility.4 Although CFTR has been shown to be a cAMP-activated 
anion channels conducting both Cl- and HCO3

-
,
5,6 our knowl-

edge, 24 years after its discovery, is still limited on how mutations 
in the gene encoding this channel protein result in a multitude of 
disorders, including male infertility.

According to Taussing et al.,7 over 97% of male CF patients are 
infertile. Early studies on CF adults with azoospermia revealed 
bilateral absence of the vas deferens and incomplete develop-
ment of the epididymis in all patients examined.8 Reporting 
similar findings, Holscalaw et al.9 speculated a common genetic 
basis of CF and congenital bilateral absence of the vas deferens 
(CBAVD). Indeed, Dumer et al.10 reported an increased fre-
quency of the major CFTR mutation ΔF508 in azoospermia men 
with CBAVD, which was confirmed by several following studies, 
showing other CFTR mutations, in addition to ΔF508, associated 
with CBAVD.11 It is generally accepted that CF male infertility is 
due to obstructive azoospermia with CBAVD as the major cause. 
It has been speculated that the structural changes in CF male 
reproductive tract are related to early obstruction by dehydrated 
secretion in the genial tract due to defective CFTR ion channel 
function. Thus, much of the early studies were focused on the 
role of CFTR in regulating epithelial ion and fluid secretion in 
the male genital tract, the epididymis in particular,12 while the 
possible role of CFTR in other processes of male reproduction 
was not explored till recently.13

The first hint for broader impact of CFTR on human repro-
duction other than CBVAD in CF came from the screening study 
on 13 CFTR mutations showing increased mutation frequencies 
in a general population of men with reduced sperm quality.14 A 
possible role of CFTR in sperm function was further suggested 
by the demonstrated involvement of CFTR in mediating uter-
ine HCO3

- secretion and its effect on the fertilizing capacity of 
sperm.15 It was speculated that CFTR might also be present in 
sperm and mediate the HCO3

- entry required for sperm motility 

and capacitation. Indeed, CFTR protein was found in mouse and 
human sperm and demonstrated to be important for the acti-
vation of the HCO3

--dependent soluble adenylyl cyclase (sAC) 
and downstream cAMP/PKA signaling known to be involved 
in both sperm motility and capacitation.16 Sperm from CF mice 
were shown to have reduced sperm motility and capacitation with 
reduced fertility rate in vitro and in vivo,16 clearly indicating a 
role of CFTR in sperm functions. Interestingly, a recent study on 
aging Chinese males has also demonstrated that reduced sperm 
qualities, such as motility and fertilizing capacity, in aging sperm 
are associated with age-dependent downregulation of CFTR and 
impairment of CFTR/ HCO3

--dependent cAMP signaling.17 
This finding further supports an important role of CFTR in nor-
mal sperm function that is beyond CBAVD and CF.

Conflicting results have been reported on testes of CF 
patients, with either normal spermatogenesis18 or reduced 
sperm number,8 casting doubts on whether CFTR may affect 
spermatogenesis. A recent study reported reduced testicular 
size in CF mice, suggesting defective spermatagenesis.19 The 
study also showed that inhibition of CFTR in Sertoli cells or 
depletion of extracellular HCO3

- could reduce FSH-stimulated, 
sAC-dependent cAMP production, and phosphorylation of 
CREB, the key transcription factor in spermatogenesis. This 
has demonstrated for the first time the involvement of CFTR in 
a signaling pathway important for regulating spermatogenesis. 
More importantly, downregulation of CFTR with abnormal 
CREB phosphorylation was observed in testicular samples from 
Chinese men with azoospermia,19 again indicating a broader 
impact of CFTR on human reproduction beyond CBAVD 
and CF. More recently, CFTR has been demonstrated to be 
involved in regulating testicular tight junctions (TJs) through 
NFκB/COX-2/PGE2 pathway.20 In that study, downregulation 
of CFTR accompanied by activation of NFκB, upregulation of 
COX-2 and downregulation of TJ proteins was observed in a 
cryptorchidism mouse model. Given the importance of TJs in 
spermatogenesis,21 this finding provides a possible molecular 
mechanism underlying defective spermatogenesis observed in 
cryptorchidism. Interestingly, CFTR has recently been demon-
strated to play a role in cancer development and metastasis.22,23 
This suggests possible additional roles of CFTR in the process 
of spermatogenesis, considering the similarities between cancer 
and male germ cell migration and survival.24
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What we have learnt about CFTR functions so far indicates 
that CFTR has far- reaching effect on many aspects of male repro-
duction, with impacts well beyond CBAVD and CF. Ironically, 
although CBAVD was the first abnormality in the male geni-
tal tract reported to be associated with CFTR mutations, we 
still know very little how CFTR mutations lead to CBAVD or 
abnormal development of the male genital tract. While CFTR 
was found to be expressed throughout the entire genital tract,25 
we are yet to know its exact role in most of the male accessory 
glands other than the epididymis. Although the role of CFTR as 
a Cl- channel in the male reproductive system is best studied in 
the epididymis, how the CFTR-mediated Cl- secretion is related 
to sperm maturation in the epididymis remains elusive. Similarly, 

although CFTR mRNA in spermatids was first detected 20 years 
ago, its role in male germ cells remains unclear. What we know 
for certain is that CFTR does not merely act as a simple ion 
channel, but also a versatile signaling molecule and an impor-
tant regulator, as suggested by its name and its predicted interac-
tions with more than 180 other proteins. Future investigation 
into the molecular actions of CFTR will not only advance our 
understanding of how CFTR mutations lead to male infertility 
in CF, but also the role and impact of CFTR on a wide range of 
physiological functions, including spermatogenesis.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

References
1. Riordan JR, Rommens JM, Kerem B, Alon N, 

Rozmahel R, Grzelczak Z, Zielenski J, Lok S, Plavsic 
N, Chou JL, et al. Identification of the cystic fibrosis 
gene: cloning and characterization of complementary 
DNA. Science 1989; 245:1066-73; PMID:2475911; 
http://dx.doi.org/10.1126/science.2475911

2. Rommens JM, Iannuzzi MC, Kerem B, Drumm ML, 
Melmer G, Dean M, Rozmahel R, Cole JL, Kennedy 
D, Hidaka N, et al. Identification of the cystic fibro-
sis gene: chromosome walking and jumping. Science 
1989; 245:1059-65; PMID:2772657; http://dx.doi.
org/10.1126/science.2772657

3. Kerem B, Rommens JM, Buchanan JA, Markiewicz 
D, Cox TK, Chakravarti A, Buchwald M, Tsui LC. 
Identification of the cystic fibrosis gene: genetic anal-
ysis. Science 1989; 245:1073-80; PMID:2570460; 
http://dx.doi.org/10.1126/science.2570460

4. Quinton PM. Physiological basis of cystic fibro-
sis: a historical perspective. Physiol Rev 1999; 
79(Suppl):S3-22; PMID:9922374

5. Bear CE, Li CH, Kartner N, Bridges RJ, Jensen 
TJ, Ramjeesingh M, Riordan JR. Purification and 
functional reconstitution of the cystic fibrosis trans-
membrane conductance regulator (CFTR). Cell 
1992; 68:809-18; PMID:1371239; http://dx.doi.
org/10.1016/0092-8674(92)90155-6

6. Chan HC, Ruan YC, He Q, Chen MH, Chen H, Xu 
WM, Chen WY, Xie C, Zhang XH, Zhou Z. The 
cystic fibrosis transmembrane conductance regulator 
in reproductive health and disease. J Physiol 2009; 
587:2187-95; PMID:19015188; http://dx.doi.
org/10.1113/jphysiol.2008.164970

7. Taussig LM, Lobeck CC, di Sant’Agnese PA, 
Ackerman DR, Kattwinkel J. Fertility in males 
with cystic fibrosis. N Engl J Med 1972; 287:586-
9; PMID:5055208; http://dx.doi.org/10.1056/
NEJM197209212871204

8. Kaplan E, Shwachman H, Perlmutter AD, Rule 
A, Khaw KT, Holsclaw DS. Reproductive fail-
ure in males with cystic fibrosis. N Engl J Med 
1968; 279:65-9; PMID:5657013; http://dx.doi.
org/10.1056/NEJM196807112790203

9. Holsclaw DS, Perlmutter AD, Jockin H, Shwachman 
H. Genital abnormalities in male patients with cystic 
fibrosis. J Urol 1971; 106:568-74; PMID:4399160

10. Dumur V, Gervais R, Rigot JM, Lafitte JJ, Manouvrier 
S, Biserte J, Mazeman E, Roussel P. Abnormal distri-
bution of CF delta F508 allele in azoospermic men 
with congenital aplasia of epididymis and vas defer-
ens. Lancet 1990; 336:512; PMID:1975022; http://
dx.doi.org/10.1016/0140-6736(90)92066-Q

11. Stuhrmann M, Dörk T. CFTR gene muta-
tions and male infertility. Andrologia 2000; 
32:71-83; PMID:10755189; http://dx.doi.
org/10.1046/j.1439-0272.2000.00327.x

12. Wong PY. CFTR gene and male fertility. Mol Hum 
Reprod 1998; 4:107-10; PMID:9542966; http://
dx.doi.org/10.1093/molehr/4.2.107

13. Chen H, Ruan YC, Xu WM, Chen J, Chan HC. 
Regulation of male fertility by CFTR and impli-
cations in male infertility. Hum Reprod Update 
2012; 18:703-13; PMID:22709980; http://dx.doi.
org/10.1093/humupd/dms027

14. van der Ven K, Messer L, van der Ven H, Jeyendran 
RS, Ober C. Cystic fibrosis mutation screening 
in healthy men with reduced sperm quality. Hum 
Reprod 1996; 11:513-7; PMID:8671256; http://
dx.doi.org/10.1093/HUMREP/11.3.513

15. Wang XF, Zhou CX, Shi QX, Yuan YY, Yu MK, 
Ajonuma LC, Ho LS, Lo PS, Tsang LL, Liu Y, et al. 
Involvement of CFTR in uterine bicarbonate secre-
tion and the fertilizing capacity of sperm. Nat Cell 
Biol 2003; 5:902-6; PMID:14515130; http://dx.doi.
org/10.1038/ncb1047

16. Xu WM, Shi QX, Chen WY, Zhou CX, Ni Y, 
Rowlands DK, Yi Liu G, Zhu H, Ma ZG, Wang XF, 
et al. Cystic fibrosis transmembrane conductance reg-
ulator is vital to sperm fertilizing capacity and male 
fertility. Proc Natl Acad Sci U S A 2007; 104:9816-
21; PMID:17519339; http://dx.doi.org/10.1073/
pnas.0609253104

17. Diao R, Fok KL, Zhao L, Chen H, Tang H, Chen J, 
Zheng A, Zhang X, Gui Y, Chan HC, et al. Decreased 
expression of cystic fibrosis transmembrane conduc-
tance regulator impairs sperm quality in aged men. 
Reproduction 2013; (Forthcoming).

18. Gottlieb C, Plöen L, Kvist U, Strandvik B. The fer-
tility potential of male cystic fibrosis patients. Int J 
Androl 1991; 14:437-40; PMID:1761323; http://
dx.doi.org/10.1111/j.1365-2605.1991.tb01272.x

19. Xu WM, Chen J, Chen H, Diao RY, Fok KL, Dong 
JD, Sun TT, Chen WY, Yu MK, Zhang XH, et al. 
Defective CFTR-dependent CREB activation results 
in impaired spermatogenesis and azoospermia. PLoS 
One 2011; 6:e19120; PMID:21625623; http://
dx.doi.org/10.1371/journal.pone.0019120

20. Chen J, Fok KL, Chen H, Zhang XH, Xu WM, Chan 
HC. Cryptorchidism-induced CFTR down-regula-
tion results in disruption of testicular tight junctions 
through up-regulation of NF-κB/COX-2/PGE2. 
Hum Reprod 2012; 27:2585-97; PMID:22777528; 
http://dx.doi.org/10.1093/humrep/des254

21. Mruk DD, Cheng CY. Tight junctions in the testis: 
new perspectives. Philos Trans R Soc Lond B Biol Sci 
2010; 365:1621-35; PMID:20403874; http://dx.doi.
org/10.1098/rstb.2010.0010

22. Xie C, Jiang XH, Zhang JT, Sun TT, Dong JD, 
Sanders AJ, Diao RY, Wang Y, Fok KL, Tsang LL, 
et al. CFTR suppresses tumor progression through 
miR-193b targeting urokinase plasminogen acti-
vator (uPA) in prostate cancer. Oncogene 2013; 
32:2282-91, e1-7; PMID:22797075; http://dx.doi.
org/10.1038/onc.2012.251

23. Zhang JT, Jiang XH, Xie C, Cheng H, Da Dong J, 
Wang Y, Fok KL, Zhang XH, Sun TT, Tsang LL, et 
al. Downregulation of CFTR promotes epithelial-to-
mesenchymal transition and is associated with poor 
prognosis of breast cancer. Biochim Biophys Acta 
2013; 1833:2961-9; PMID:23916755; http://dx.doi.
org/10.1016/j.bbamcr.2013.07.021.

24. Chen H, Fok KL, Jiang X, Chan HC. New insights 
into germ cell migration and survival/apopto-
sis in spermatogenesis: Lessons from CD147. 
Spermatogenesis 2012; 2:264-72; PMID:23248767; 
http://dx.doi.org/10.4161/spmg.22014

25. Trezise AE, Linder CC, Grieger D, Thompson EW, 
Meunier H, Griswold MD, Buchwald M. CFTR 
expression is regulated during both the cycle of the 
seminiferous epithelium and the oestrous cycle of 
rodents. Nat Genet 1993; 3:157-64; PMID:7684647; 
http://dx.doi.org/10.1038/ng0293-157


