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Résumé 

Polykystose rénale autosomique dominante et cancers cutanés  
non-mélanomateux post-transplantation rénale : les mutations non 

troncantes du gène PKD1 comme facteur de risque génétique 
 

C Geneste, B Sautenet, A Bretagnol, E Chevallier, F Von Tokarski, L Machet, JM Halimi, M Büchler 

 

La polykystose rénale autosomique dominante (PKRAD) est la première cause génétique 

d’insuffisance rénale, avec principalement des mutations des gènes PKD1 (75%) et PKD2 (15%). Elle 

mène dans de nombreux cas à une transplantation rénale. Plusieurs études ont montré que les patients 

présentant une mutation de PKD1 présentaient une insuffisance rénale terminale 20 ans plus tôt que 

ceux présentant une mutation de PKD2. Par ailleurs, le traitement immunosuppresseur au long cours, 

nécessaire après une transplantation, est connu pour favoriser la survenue de cancers cutané non 

mélanomateux (CCNM). Dans plusieurs cohortes, la PKRAD est un facteur de risque indépendant de 

développement de CCNM après transplantation rénale. Jusqu'à présent, il n'existe aucune cause 

connue, y compris génétique, permettant d’expliquer l'association entre l'ADPKD et l'incidence des 

CCNM après transplantation. L’objectif de cette étude est d’évaluer si un type de mutation de PKD1 

ou PKD2 est associé à un risque accru d’apparition de CCNM. 

Nous avons mené une étude rétrospective monocentrique incluant tous les patients atteints de 

PKRAD transplantés rénaux au CHU de Tours de 1987 à 2016. Nous avons utilisé notre base de 

données clinico-biologique, comprenant des études génétiques, et effectué des analyses multivariées 

avec ajustement sur les facteurs de risque de CCNM. 

Nous avons inclus 245 polykystiques transplantés rénaux: 206 (84,1%) avaient une mutation 

de PKD1 et 19 (7,8%) de PKD2. La durée moyenne de suivi était de 10,8 ± 6,3 ans. Au total, 162 cas 

de CCNM ont été diagnostiqués pendant la période de suivi, chez 69 patients (28,2%). L'incidence des 

CCNM à 20 ans en cas de mutation de PKD1 était de 48,9%. Le risque de CCNM était plus faible en 

cas de mutation de PKD1 troncante par rapport aux non troncantes (p=0,023). Ce risque restait 

significatif en analyse multivariée après ajustement sur l'âge, le sexe, le phototype et le traitement 

immunosuppresseur d'induction (risque relatif à 0,37 IC 95% [0,21-0,68], p<0,01). Une mutation 

PKD1 non troncante était également un facteur de risque de multiple CCNM après transplantation en 

anlyse multivariée [Odds ratio pour chaque CCNM supplémentaire: 2,08 IC 95% (1,45-2,94), 

P<0,001]. Nos résultats montre qu’être porteur d'une mutation non troncante de PKD1 est un facteur 

de risque indépendant du développement de CCNM après une transplantation rénale. 

 

Mots-clés:   - Polykystose rénale autosomique dominante 

  - Cancer cutané non-mélanomateux  

- Transplantation rénale 

  - Mutation de PKD1  
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Abstract 
 

Autosomal dominant polycystic kidney disease and  
nonmelanoma skin cancer after kidney transplantation:  

a genetic influence of nontruncating PKD1 mutations 
 

C Geneste, B Sautenet, A Bretagnol, E Chevallier, F Von Tokarski, L Machet, JM Halimi, M Büchler 

 

 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited cause 

of kidney failure in adults, with predominantly PKD1 (75%) and PKD2 (15%) mutations, leading to 

renal transplantation. Several studies showed that patients with PKD1 mutation had end-stage renal 

disease onset 20 years earlier than those with PKD2 mutation. Furthermore, the long-term 

immunosuppressive treatment needed after kidney transplantation can facilitate the occurrence of 

nonmelanoma skin cancer (NMSC). In various cohorts, kidney graft recipients with ADPKD have a 

higher risk of NMSC than renal recipients with other causes. To date, there is no known cause, 

including genetic, to explain the association between ADPKD and the incidence of NMSC after 

transplantation. We investigated whether the increase in risk of NMSC after transplantation is due to a 

specific type of mutation in PKD1 or PKD2. 

We conducted a retrospective monocenter study including all renal graft recipients with 

ADPKD who underwent transplantation at our institution between 1987 and 2016. Given the clinico-

biological database, including genetics studies, we performed multivariate analysis with adjustment on 

risk factors for NMSC. 

We included 245 renal graft recipients with ADPKD: 206 (84.1%) with a PKD1 mutation and 

19 (7.8%) a PKD2 mutation. The mean duration of follow-up was 10.8 ± 6.3 years. Overall, 162 cases 

of NMSC were diagnosed during the follow-up period in 69 patients (28.2%). The incidence of NMSC 

at 20 years with a PKD1 mutation was 48.9%. In this population, the risk of NMSC was reduced with 

a truncating versus nontruncating mutation (p=0.023). The risk remained significant after adjustments 

for age, sex, phototype and immunosuppressive induction therapy on multivariate analysis (HR 0.37, 

CI 95% [0.21–0.68], p<0.01). A nontruncating PKD1 mutation was a predictor of multiple skin cancer 

after transplantation [odds ratio for each additional skin cancer: 2.08, CI 95% (1.45–2.94), P < 0.001]. 

Our findings suggest that a nontruncating PKD1 mutation is an independent risk factor for NMSC 

developing after kidney transplantation. 

 

Keywords:   - Autosomal dominant polycystic kidney disease 

  - Nonmelanoma skin cancer 

  - Renal transplantation 

  - PKD1 mutation  
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Abréviations 

 

CCNM : cancer cutané non mélanomateux 

PKRAD : polykystose rénale autosomique dominante  

 

 

Abbreviations 

 

ADPKD : autosomal dominant polycystic kidney disease 

Aza : azathioprine 

BCC : basal cell carcinoma 

CI : confidence interval 

CREBBP : c-AMP response element-binding protein 

CsA : cyclosporine A 

EGF : epidermal growth factor 

ESRD : end-stage renal disease 

FK : tacrolimus 

HR : hazard ratio 

IL-2 : interleukin-2 

LFA1 : anti-leukocyte function-associated antigen 1 

MMF : mycophenolate mofetil 

MSG : mutation strength group 

mTOR : mammalian target of rapamycin 

NMD : no mutation detected 

NMSC : nonmelanoma skin cancer 

PTLD : post-transplantation lymphoproliferative disease 

SCC : squamous cell carcinoma 
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INTRODUCTION 
 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common 

inherited cause of kidney failure in adults, with 

Inactivating somatic mutations of a 

corresponding polycystin, cause clonal expansion of kidney cyst epithelium and cyst 

formation. The typical phenotype is progressive 

leading to end-stage kidney disease (ESRD) in mi

classically inherited as an autosomal dominant disease resulting from heterozygous mutations 

in PKD1 or PKD2.  

Heterozygous germ-line mutations, predominantly in 

16, Fig 1.)  in 77% of cases or in 

are responsible for ADPKD,

mutation in PKD1 or PKD2 is found

 

Figure 1.  PKD1 cytogenetic Location:
16 at position 13.3. Molecular Location: base pairs 2,088,708 to 2,135,898 on chromosome 
16 (Homo sapiens Annotation Release 109, GRCh38.p12
 

The severity of disease, even in mutation characterized cases, 

correlated with the level of polycystin 1 function

regional cohort involving all private and public nephrology centers in the west of France) 

described the largest mutation screening in patients with ADPKD, to link the type of mutation 

to clinical outcome. The authors showed that pati

21.6 years earlier than those with

with PKD1 truncating mutation compared to 

 

After renal transplantation, the need to maintain a long

treatment increases the risk of some types of cancer, including skin cancer. Non

skin cancers (NMSC), including

Autosomal dominant polycystic kidney disease (ADPKD) is the most common 

kidney failure in adults, with prevalence ranging from

Inactivating somatic mutations of a PKD gene, which lead to loss of function of the 

corresponding polycystin, cause clonal expansion of kidney cyst epithelium and cyst 

al phenotype is progressive kidney cyst development and expansion 

stage kidney disease (ESRD) in middle age, with a risk of 50%

classically inherited as an autosomal dominant disease resulting from heterozygous mutations 

line mutations, predominantly in PKD1 (on the short arm o

in 77% of cases or in PKD2 (on the long arm of chromosome 4) in 13% of cases, 

, with a penetrance of nearly 100%. In 10% of patients,

is found with current testing methodologies3.  

cytogenetic Location: 16p13.3, which is the short (p) arm of
Molecular Location: base pairs 2,088,708 to 2,135,898 on chromosome 

(Homo sapiens Annotation Release 109, GRCh38.p12, 47 190 base pairs 

The severity of disease, even in mutation characterized cases, is variable and

the level of polycystin 1 function4. In recent years, the Genkyst cohort (a 

regional cohort involving all private and public nephrology centers in the west of France) 

mutation screening in patients with ADPKD, to link the type of mutation 

The authors showed that patients with PKD1 mutation 

those with PKD2 mutation5–7. Similarly, the same applies to 

truncating mutation compared to patients with PKD1 nontruncating mutation

After renal transplantation, the need to maintain a long-term immunosuppressive 

increases the risk of some types of cancer, including skin cancer. Non

, including basal cell carcinoma (BCC) and squamous cell carcinoma 

14 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common 

from 1:500 to 1:4000. 

gene, which lead to loss of function of the 

corresponding polycystin, cause clonal expansion of kidney cyst epithelium and cyst 

kidney cyst development and expansion 

k of 50%1,2. ADPKD is 

classically inherited as an autosomal dominant disease resulting from heterozygous mutations 

(on the short arm of chromosome 

(on the long arm of chromosome 4) in 13% of cases, 

100%. In 10% of patients, no 

 

 
the short (p) arm of chromosome 

Molecular Location: base pairs 2,088,708 to 2,135,898 on chromosome 
190 base pairs – 15730 aa) 

is variable and inversely 

the Genkyst cohort (a 

regional cohort involving all private and public nephrology centers in the west of France) 

mutation screening in patients with ADPKD, to link the type of mutation 

mutation had ESRD onset 

. Similarly, the same applies to patients 

nontruncating mutation8. 

immunosuppressive 

increases the risk of some types of cancer, including skin cancer. Nonmelanoma 

cell carcinoma (BCC) and squamous cell carcinoma 
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(SCC), are the most common, with an incidence of up to 40% to 80% at 20 years post-kidney 

transplantation9. 

 

Several studies have shown that kidney graft recipients with ADPKD have a higher 

risk of NMSC than renal recipients with other causes. This difference has been observed in 

different populations, US and European10,11. To date, there is no known cause, including 

genetic, to explain the association between ADPKD and the incidence of NMSC after 

transplantation.  

Here, we investigated whether the increase in risk of NMSC after transplantation is 

due to a specific type of mutation in the PKD1 or PKD2 gene. We conducted a retrospective 

monocenter study including all renal graft recipients with ADPKD who underwent 

transplantation at our institution between 1987 and 2016. Given the clinico-biological 

database, including genetics studies, we performed multivariate analysis with adjustment on 

risk factors for NMSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16  

PATIENTS AND METHODS 
 
 
Study population 

This was a retrospective observational study performed in a French University Hospital from 

January 1987 to July 2016. All renal graft recipients with ADPKD who were followed for at 

least 3 months at our institution were included. 

Induction immunosuppressive therapy was administrered in almost all cases, whether 

with antithymocyte globulins or interleukin-2 (IL-2) receptor antagonists (Beyong 1999). 

Maintenance immunosuppressive therapy, included cyclosporine, tacrolimus or, more 

recently, mammalian target of rapamycin (mTOR) inhibitors, mycophenolate mofetil (starting 

at 2 g/day) or azathioprine (2 mg/kg/day). Prednisone (1 mg/kg/day for the first 2 weeks) was 

progressively decreased and withdrawn within the first year after transplantation in patients 

with low immunological risk. Patients with acute rejection episodes received 

methylprednisolone for 3 to 5 days, followed by oral prednisone. With steroid-resistant 

rejection, polyclonal antibodies were prescribed.  

Ambulatory follow-up was performed once a month during the first year post-transplantation 

and further once a year in most cases. Patients were referred annually to a dermatologist for 

cutaneous examination, according to the current recommendations. 

 

Diagnosis of ADPKD and genetic status 

The diagnosis of ADPKD was based on a personal history of progressive renal failure 

associated with a suggestive family history of ADPKD and typical ultrasonography12, 

tomodensitometry or MRI evidence of polycystic kidneys. These patients or family members 

were included when possible in the Genkyst cohort. Genkyst is a cross-sectional study 

involving >70 nephrologist investigators working in France. Patients with ADPKD from the 

Genkyst cohort were recruited from dialysis centers and by nephrology and transplant 

consultations between 2009 and January 2015. This study involved a genetic testing with 

mutation screening for the coding regions of PKD1, PKD2, neutral α-glucosidase AB 

(GANAB), hepatocyte nuclear factor 1 β (HNF1B), uromoduline (UMOD), secretory 63 

(SEC63), protein kinase C subtrate 80K-H (PRKCSH) and LDL-R-related protein 5 (LRP5). 

For PKD1, the mutation effect (truncating versus nontruncating) was also reported. 

The mutation screening protocol consisted of extraction of DNA on magnetic beads, 

amplification of the sequences of interest, sequencing and comparison with the reference 

sequence [PKD1 (NM_001009944.2), PKD2 (NM_000297.2), HNF1B (NM_000458.1), 



17  

SEC63 (NM_007214.4), PKRCSH (NM_002743.2), UMOD (NM_003361.2), LRP5 

(NM_002335.2) and GANAB (NM_198335.3)]. Genetic analysis was performed in the 

laboratory of molecular genetics and histocompatibility of Brest University Hospital Center 

(consent form in Appendix 1, p.34). 

 

Data collection 

Data were extracted from the local database and individually collected in each hospital 

records. Patients were informed about the data collection and a signed consent was mandatory 

for genetic analysis. 

Data collected on the day of transplantation were recipient characteristics (sex, age, 

skin phototype, history of cancers, dialysis duration before transplantation), number of grafts, 

donor characteristics (sex, age, deceased or living donor) and immunosuppressive induction 

therapy. For patients who underwent transplantation twice, the induction treatment of the graft 

preceding the appearance of a first NMSC (in case of NMSC) was retained; otherwise, the use 

of antithymocyte globulins was retained if it was used at least once. 

Data collected after transplantation were immunosuppressive maintenance therapy at 3 

months, acute rejection episodes, the use of rituximab and the occurrence of all types of 

histologically proven cancers. 

 

Definition of phototype 

The phototype of each patient was determined by a dermatologist based on the Fitzpatrick 

classification13 and recorded in the file. When this information was missing, skin phototype 

was determined by two independent trained nephrologists who participated in the follow-up. 

In case of disagreement, the two physicians discussed their point of view and gave a final 

result.  

Six stages were defined as follows: 

- Phototype I: skin color ivory white; easily sunburned; no tanning 

- Phototype II: skin color white; easily sunburned; minimal tanning with difficulty 

- Phototype III: skin color white; moderate sunburning; moderate and uniform tanning 

- Phototype IV: skin color beige/olive, light tanning; minimal sunburning; moderate and easy 

tanning 

- Phototype V: skin color light brown or tanned; rare sunburning; profuse tanning 

- Phototype VI: skin color dark brown or black; no sunburning; profuse tanning 
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Most of patients lived in a temperate climate in the Loire valley. 

 

Definition of NMSC 

NMSC included cases of biopsy-proven BCC, SCC and Bowen’s disease (considered in situ 

SCC). Melanomas, cutaneous Kaposi’s sarcomas, primary cutaneous lymphomas and other 

rare types of skin tumor, including adnexal skin tumors, were therefore excluded. 

 

Statistical analysis 

Continuous data are presented as mean ± SD and categorical data as proportions. Cox models 

were used in univariate and multivariate analyses to assess the association between mutation 

type (PKD1, truncating, nontruncationg, PKD2 mutation or no mutation detected), age, sex, 

phototype, time on dialysis before transplantation, history of cancer before transplantation, 

number of grafts, immunosuppressive treatments, and the development of NMSC after 

transplantation. Results are expressed as hazard ratios (HR), 95% confidence intervals (CI) 

and P-values.  

Multivariate analyses included the following variables: mutation type, age, sex, skin 

phototype and immunosuppressive induction by antithymocyte globulin antibodies. Poisson 

regression was used to assess whether the mutation effect on PKD1 (truncating or not) was 

associated with multiple skin cancers after transplantation, estimating odds ratios (OR) and 

95% CI. GraphPad Prism 5 and R v3.2.3 (R Foundation for Statistical Computing, Vienna, 

Austria) were used for analysis. P < 0.05 was considered statistically significant. 
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RESULTS 
 
 
 
 
 

Overall, 309 ADPKD patients received a renal transplant and 245 were included in our 

cohort (Fig 2). Mean duration of follow-up (±SD) was 10.8 ± 6.3 years (median 9.9 years; 

range 0.4–31.3 years; total observation period 2641 patient-years). 

 

 

Figure 2. Flow chart (ADPKD : autosomal dominant polycystic kidney disease) 
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Baseline characteristics 
 

PKD1 mutation was identified in 206 patients (84.1%) and PKD2 mutation in 19 

(7.8%); no mutation was detected in 20 patients (8.2%) (Table 1). Listing of the detected 

mutations (with genetic location, number of patients with the mutation and NMSC associated) 

is available in Appendix 3 (p.35). 

Mean age at transplantation was 54.6 ± 9.9 years. The median length time on dialysis 

before transplantation was 16.5 months. Overall, 130 patients were men (53.1%). At the time 

of transplantation, patients with a PKD2 mutation were older than those with a PKD1 

mutation (65.6 ± 8.3 vs 53.5 ± 9.1 years). Most patients had a phototype of II or III because 

they were of Caucasian origin. A history of cancer before transplantation was reported in 

4.1% of all transplant recipients; at least 0.8% of these patients had an NMSC before 

transplantation, all with a PKD1 mutation.  

Nearly 10% (9.8%) of the patients had a history of kidney transplantation. 

Immunosuppressive induction therapy included antithymocyte globulin antibodies for 45.7% 

and IL-2 receptor antagonists for 48.6% (mainly after 1999); 4.5% of patients had no 

induction therapy. Immunosuppressive maintenance therapy at 3 months included 45.7% on 

cyclosporine, 51.8% tacrolimus and 4.5% mTOR inhibitors (sirolimus or everolimus); 86.1% 

mycophenolate mofetil and 11.8% azathioprine. Nearly all patients (92.2%) were still 

receiving corticosteroids at 3 months after transplantation. Only 4.5% received a kidney from 

a living donor. 

At least one acute rejection episode occurred in 26.8% of the patients; 35 (14.7%) had 

biopsy-proven solid cancer (excluding NMSC) or post-transplantation lymphoproliferative 

disease (PTLD) after transplantation. 
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Among the 206 patients with a PKD1 mutation, 150 (72.8%) had a truncating 

mutation and 56 (27.2%) a nontruncating mutation (Table 2). The mean age at transplantation 

was 52.9 ± 8.6 and 55.1 ± 10.3 years with a truncating and nontruncating mutation, 

respectively. Immunosuppressive induction treatment was based on antithymocyte antibodies 

for 46.7% of patients with a truncating mutation and 48.2% with a nontruncating mutation. 
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Distribution of cases of nonmelanoma skin cancer 
  

In total, 162 cases of NMSC were diagnosed during follow-up in 69 patients (28.2%); 

57 patients with a PKD1 mutation (27.7% of patients with a PKD1 mutation), 8 with a PKD2 

mutation (42.1% of this population), and 4 with no mutation detected (20% of this 

population). At least one NMSC developed in 36 (24.0%) patients with a PKD1 truncating 

mutation and 21 (37.5%) with a nontruncating mutation. A total of 18% of the patients had at 

least one case of BCC, 12.2% one case of SCC, and 6.9% one case of Bowen’s disease (Table 

3a); 6.9% had multiple types of NMSC. Nearly half of the patients with NMSC after 

transplantation (47.8%, n=99) had more than one NMSC during follow-up (Table 3b). 
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Incidence of NMSC during follow-up  

 

At 10 years after transplantation, at least one NMSC occurred in 27.4% of patients 

with a PKD1 mutation, 69.2% with a PKD2 mutation and 15.5% with no mutation detected. 

The incidence of NMSC in the PKD1 population was 48.9% at 20 years and 68.6% at 30 

years (Fig. 3). 

 

 

 

 

 
Figure 3. Survival without NMSC: Kaplan–Meier curves of time from transplantation to 
cancer diagnosis in 245 renal graft recipients with ADPKD (206 with PKD1 mutation, 19 
with PKD2 mutation and 20 with no mutation detected [NMD]). 
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The incidence of NMSC was higher with a nontruncating than truncating PKD1 

mutation (p=0.023) (Fig. 4). At 10 years after transplantation, 20.3% of patients with a 

truncating PKD1 mutation and 39.9% with a nontruncating PKD1 mutation had at least one 

NMSC. The incidence of NMSC at 20 years was 45.3% with a truncating mutation and 55.5% 

with a nontruncating mutation. 

 

 

 

 
Figure 4. Survival without NMSC: Kaplan–Meier curves of time from transplantation to 
cancer diagnosis in 206 renal graft recipientswith PKD1 mutation. 

 

 



26  

Risk factors for NMSC in renal graft recipients with ADPKD  
 

 Risk of developing NMSC after transplantation was increased with a PKD2 mutation 

and a PKD1 nontruncating mutation (Table 4). Risk of NMSC was increased with age and 

sex, and was reduced with induction with antithymocyte antibodies as immunosuppressive 

induction on univariate analysis. The length of time on dialysis before transplantation, number 

of grafts and immunosuppressive therapies did not significantly increase the risk of NMSC. 
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On univariate analysis, with a PKD1 mutation, risk of NMSC was increased with only 

age (HR 1.49, 95% CI [1.06-2.08], p=0.02) and sex (HR 2.70, 95% CI [1.50-4.88], p <0.001) 

(Table 5).  
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On multivariate analysis including the variables age at transplantation, sex, skin 

phototype and induction with antithymocyte antibodies (Tables 6 and 7), PKD2 mutation was 

no longer associated with the occurrence of NMSC (HR 1.76, 95% CI [0.77–4.02], p=0.18). 

However, risk of NMSC was reduced with a PKD1 truncating versus nontruncating mutation 

(HR 0.39, 95% CI [0.21–0.72], p<0.01). 
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 Poisson regression was used to consider patients with more than one skin cancer. 

Despite adjustment for age, sex, skin phototype and induction with antithymocyte anibodies, 

PKD1 nontruncating mutation was a predictor of multiple skin cancer after transplantation 

[OR for each additional skin cancer: 2.08, 95% CI (1.45–2.94), P < 0.001]. We did not adjust 

on the duration of follow-up because it was similar in the two groups (11.4 ± 6.2 years with a 

truncating mutation and 11.6 ± 6.9 years with a nontruncating mutation). 
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DISCUSSION 
  

Our analysis indicates an increased risk of developing both NMSC and multiple 

NMSC after kidney transplantation in a specific population, patients with a PKD1 

nontruncating mutation. Indeed, this mutation effect remained a risk factor for the 

development of BCC, SCC and Bowen’s disease, even after adjustments for age, sex, skin 

phototype and immunosuppressive induction14,15. Of note, a low CD4 lymphocyte count has 

been associated with skin cancers in kidney transplant recipients16 but was not confirmed in 

all studies17. Our results did not reveal an increased risk for patients with a PKD2 mutation or 

no mutation detected. Nonmelanoma skin cancers are a concern because they are the most 

common cancers after transplantation14 and are associated with significant morbidity and 

mortality.  

 

Our distribution of genetic status was consistent with that of other ADPKD 

cohorts5,6,8 : 84% with PKD1 mutation (72.8% truncating and 27.2% nontruncating), 7.8% 

PKD2 mutation and 8.2% no mutation detected. Proportions and incidence of NMSC after 

transplantation agreed with other studies, also in polycystic cohorts18, and concerning the 

increased risk in patients with ADPKD as compared with other kidney disease (20.1% vs 

9.9% in all patients who underwent transplantation in Tours). This results have been showed 

in our cohort of renal graft recipient with ADPKD10 and in two large retrospective american 

studies11,19. Finally, mean age at ESRD onset was 51.1 ± 8.4 years with a truncating mutation 

and 53.3 ± 10.4 years with a nontruncating mutation. This difference was less than in the 

Genkyst cohort, finding a median age at ESRD onset of 55.6 and 67.9 years, respectively6. 

  

Nevertheless, several works found a strong correlation between the type of PKD1 

mutation and renal survival7. Indeed, results of renal survival in patients with a truncating or 

nontruncating PKD1 mutation were confirmed in a large study of 1120 patients8. Moreover, 

PKD1 mutation types have been analysed in more detail. Truncating mutations (frameshifting 

indels, nonsense mutations, canonical splicing changes, and in-frame indels ≥ 5 amino acids) 

were defined as mutation strength group 1 (MSG1) and nontruncating mutations (missense, 

in-frame indels ≤ 4 amino acids and noncanonical splicing events) as strongly predicted 

(MSG2) and weakly predicted (MSG3) nontruncating by bioinformatics assay. Severe disease 

was associated more with strong than weak predicted nontruncating PKD1 mutations8. 
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The effect of the type of mutation in patients with ADPKD on the incidence of NMSC 

after transplantation has never been studied. This is the first study to reveal this finding. The 

underlying mechanisms linking PKD1 nontruncating mutation and NMSC are not clear; 

however, genetic factors such as interleukine-10 genotype seem associated with skin cancer in 

renal transplant patients20. We therefore hypothesized that there might be candidate genes 

influencing cutaneous tumorogenesis. For instance, the C-AMP response element (CREB) 

gene is located in the short arm of chromosome 16 at position 13.3 as for the PKD1 gene. 

Changes in the structure of chromosome 16 are associated with several types of cancer. An 

example is acute myeloid leukemia with chromosomal translocation disrupting the region of 

chromosome 16 containing CREB. CREB-binding protein plays a role in regulating cell 

growth and division, which helps prevent the development of cancers. The effect of mutation 

types of ADPKD patients on the incidence of NMSC could be related to a genetic local effect 

related to CREB. In fact, genomic analysis of lymph node metastases from primary SCC 

showed frequent (28%) CREBBP mutation21. The role of CREBBP in SCC is unclear, but a 

second study found CREBBP inactivation associated with tumor progression in SCC22.  

In the same way, dysregulation of the epidermal growth factor (EGF) gene, located on 

chromosome 4 near PKD2, has been associated with the growth and progression of certain 

cancers, and perhaps NMSC23. It could be a candidate gene. However, our results showed no 

difference in occurrence of NMSC with and without a PKD2 mutation, perhaps because of the 

small number of patients. 

Thus, the mutation position could be important (Appendix 2, p.35), so we separated 

PKD1 mutations in two groups, 3’ half versus 5’ mutation position. Codon 2151 is the 

midpoint in the PKD1 coding region. The two mutation groups did not differ in incidence of 

NMSC. The only reported allelic effect of ADPKD causing genes was a weak effect of PKD1 

mutation position on the severity of renal disease24 and the occurrence of intracranial 

aneurysms25, with 5’ mutations more severe than 3’ mutations; analysis performed in a larger 

cohort showed no difference either6. 

 Polycystin-1, the protein encoded by PKD1 and underexpressed in the presence of 

PKD1 mutation, has a role in cation transport, mechanosensitivity, cell–cell/matrix 

interactions and also regulation of the cell cycle. The neoplastic nature of renal cysts in 

ADPKD has been recognized for several years26. Zheng et al.27 reported that in vitro 

overexpression of polycystin-1 induced apoptosis and cell cycle arrest in the Go/G1 phase in 

cancer cells. As the authors hypothesized, another explanation for our results could be a 
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potential suppressor tumor role of polycystin-1, which is expressed in many tissues, in 

particular the skin28.  

Finally, our findings suggest a genetic predisposition of developing NMSC after 

kidney transplantation. The two categories of nontruncating mutation (MSG2 and MSG3) 

may explain our results. Disease severity did not differ by mutation types or truncating and 

nontruncating PKD2 mutations (but the frequency of nontruncating mutations was low). 

Pathophysiologic explanations remain to be demonstrated. 

 

Of note, the incidence of solid cancers (excluding skin cancers) or PTLD after 

transplantation for patients with and without ADPKD was previously analysed and did not 

significantly differ in renal graft recipients who underwent transplantation at our institution10. 

Again, PKD1 nontruncating mutation carriers are an exception in that they more frequently 

exhibited solid organ cancer than did other patients (data not shown). 

 

Several study limitations must be considered. First, in our PKD2 and NMD 

populations, the issue of allelic effect on the incidence of NMSC after transplantation was not 

addressed because of the small number of patients. These two populations were too different 

to be compared. Second, we could not test other risk factors for NMSC, such as sun exposure, 

HPV infection or tobacco consumption. Of note, nearly all the patients lived in the center of 

France and were of caucasian origin. Furthermore, this study was a retrospective analysis, and 

some information may not have been available. Finally, among the 305 patients with ADPKD 

who underwent transplantation in our institution, 60 could not be genotyped because of death 

and/or graft failure at the time of data collection. 

 
In conclusion, we showed a significant association between the type of mutation and 

nonmelanoma skin cancer in renal graft recipient with ADPKD. We found a nontruncating 

PKD1 mutation as an independent risk factor for developing NMSC after kidney 

transplantation. This is the first study of genetic predisposition of NMSC developing after 

kidney transplantation in these patients. Therefore, ADPKD genetic information can identify a 

population at increased risk that requires close clinical monitoring. Preventing skin cancer 

should be a major concern in these patients. Finally, the genetic mechanisms underlying these 

results need to be investigated in detail. 
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APPENDICES 
 
 
Appendix 1: Consent form for genetic testing 
 
 

 
 
 
 
 
 
 

 
 



 

Appendix 2. Gene structure of PKD1
with solid box; introns are shown with thin line arrow heads; 3' and 5' UTR regions are 
indicated by open boxes. Some exons numbers are labelled above. This graph was generated 
by using UCSC genome browse

 
 
 
Appendix 3: Listing of detected mutations
the mutation and NMSC associated. 
nontruncating mutations, (c) PKD2 

 

Gene structure of PKD1, showing the intron/exon structure. Exons are shown 
with solid box; introns are shown with thin line arrow heads; 3' and 5' UTR regions are 
indicated by open boxes. Some exons numbers are labelled above. This graph was generated 
by using UCSC genome browser. 

Listing of detected mutations, with genetic location, number of patients with 
the mutation and NMSC associated. (a) PKD1 truncating mutations (x3), (b) 

PKD2 mutations 
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showing the intron/exon structure. Exons are shown 
with solid box; introns are shown with thin line arrow heads; 3' and 5' UTR regions are 
indicated by open boxes. Some exons numbers are labelled above. This graph was generated 

 

with genetic location, number of patients with 
, (b) PKD1 
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Résumé : La polykystose rénale autosomique dominante (PKRAD) est la première cause 
génétique d’insuffisance rénale, avec principalement des mutations des gènes PKD1 (75%) et PKD2 

(15%). Elle mène dans de nombreux cas à une transplantation rénale. Plusieurs études ont montré que 
les patients présentant une mutation de PKD1 présentaient une insuffisance rénale terminale 20 ans 
plus tôt que ceux présentant une mutation de PKD2. Par ailleurs, le traitement immunosuppresseur au 
long cours, nécessaire après une transplantation, est connu pour favoriser la survenue de cancers 
cutané non mélanomateux (CCNM). Dans plusieurs cohortes, la PKRAD est un facteur de risque 
indépendant de développement de CCNM après transplantation rénale. Jusqu'à présent, il n'existe 
aucune cause connue, y compris génétique, permettant d’expliquer l'association entre l'ADPKD et 
l'incidence des CCNM après transplantation. L’objectif de cette étude est d’évaluer si un type de 
mutation de PKD1 ou PKD2 est associé à un risque accru d’apparition de CCNM. 

Nous avons mené une étude rétrospective monocentrique incluant tous les patients atteints de 
PKRAD transplantés rénaux au CHU de Tours de 1987 à 2016. Nous avons utilisé notre base de 
données clinico-biologique, comprenant des études génétiques, et effectué des analyses multivariées 
avec ajustement sur les facteurs de risque de CCNM. 

Nous avons inclus 245 polykystiques transplantés rénaux: 206 (84,1%) avaient une mutation 
de PKD1 et 19 (7,8%) de PKD2. La durée moyenne de suivi était de 10,8 ± 6,3 ans. Au total, 162 cas 
de CCNM ont été diagnostiqués pendant la période de suivi, chez 69 patients (28,2%). L'incidence des 
CCNM à 20 ans en cas de mutation de PKD1 était de 48,9%. Le risque de CCNM était plus faible en 
cas de mutation de PKD1 troncante par rapport aux non troncantes (p=0,023). Ce risque restait 
significatif en analyse multivariée après ajustement sur l'âge, le sexe, le phototype et le traitement 
immunosuppresseur d'induction (risque relatif à 0,37 IC 95% [0,21-0,68], p<0,01). Une mutation 
PKD1 non troncante était également un facteur de risque de multiple CCNM après transplantation en 
anlyse multivariée [Odds ratio pour chaque CCNM supplémentaire: 2,08 IC 95% (1,45-2,94), 
P<0,001]. Nos résultats montre qu’être porteur d'une mutation non troncante de PKD1 est un facteur 
de risque indépendant du développement de CCNM après une transplantation rénale. 
 
Mots-clés:   - Polykystose rénale autosomique dominante 
  - Cancer cutané non-mélanomateux  

- Transplantation rénale 
  - Mutation de PKD1 
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