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Human skin carcinoma arising from kidney
transplant—derived tumor cells

Laurence Verneuil,-2:3 Mariana Varna,# Philippe Ratajczak,4 Christophe Leboeuf,"4
Louis-Francois Plassa,5 Morad Elbouchtaoui,4¢ Pierre Schneider,4 Wissam Sandid,®
Celeste Lebbé,+7 Marie-Noelle Peraldi,*8 Francois Sigaux,* Hugues de Thé,45 and Anne Janin'4.6

TINSERM, U-728, Paris, France. 2Dermatology, CHU Caen, Caen, France. 3Université Caen Basse Normandie, Medical School Caen, Caen, France.
4Université Paris Diderot, Sorbonne Paris Cité, UMR-S-728, Paris, France. SBiochemistry, 6Pathology, Dermatology, and
8Transplantation, AP-HP, Hopital Saint Louis, Paris, France.

Tumor cells with donor genotype have been identified in human skin cancer after allogeneic transplantation;
however, the donor contribution to the malignant epithelium has not been established. Kidney transplant
recipients have an increased risk of invasive skin squamous cell carcinoma (SCC), which is associated with
accumulation of the tumor suppressor p53 and TP53 mutations. In 21 skin SCCs from kidney transplant
recipients, we systematically assessed p53 expression and donor/recipient origin in laser-microdissected p53*
tumor cells. In one patient, molecular analyses demonstrated that skin tumor cells had the donor genotype and
harbored a TP53 mutation in codon 175. In a kidney graft biopsy performed 7 years before the skin SCC diag-
nosis, we found p53* cells in the renal tubules. We identified the same TP53 mutation in these p53* epithelial
cells from the kidney transplant. These findings provide evidence for a donor epithelial cell contribution to
the malignant skin epithelium in the recipient in the setting of allogeneic kidney transplantation. This finding
has theoretical implications for cancer initiation and progression and clinical implications in the context of

prolonged immunosuppression and longer survival of kidney transplant patients.

Introduction
The concept of adult stem cell plasticity (1, 2) has opened new
fields for scientific and clinical developments. Allogeneic trans-
plantations offer a rare clinical opportunity to study homing and
in situ development of stem cells in humans. In addition, the main
long-term complication of allogeneic transplantations (3) is the
occurrence of cancers (4, 5). Patients with kidney transplants are
at risk for skin epithelial tumors (4), which preferentially develop
on sun-exposed areas (6). Accumulation of tumor-suppressing pS3
is significantly associated with these squamous cell carcinomas
(SCCs) (7), and TP53 mutations are found in tumor cells (8). In a
series of kidney transplant recipients, tumor cells of donor geno-
type have been identified in 1 skin basal cell carcinoma (9), but the
type of donor cell that homed to the skin remains to be character-
ized. In addition, there was no evidence of a donor epithelial cell
contributing to the malignant epithelium in the recipient.
Systematic study of p53 expression and TP53 mutations in
21 skin SCCs from kidney transplant recipients enabled us to
identify a case (referred to herein as Patient 1) with p53* tumor
cells of donor origin and a mutation on codon 175. In a kidney
graft biopsy performed on Patient 1 7 years before the skin SCC
diagnosis, we found p53* cells in the renal tubules and laser micro-
dissected them for further molecular study.

Results and Discussion

21 kidney transplant patients diagnosed with skin SCC between
2000 and 2007 in the same university hospital had a minimum
S-year follow-up. For this study, SCC histological diagnosis was
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independently reviewed by 2 pathologists. As expected in organ
transplant recipients, SCCs occurred after a long immunosup-
pression period (mean, 10.55 years; range, 3-21 years) and on
sun-exposed areas (3, 6). Systematic pS3 analyses showed that all
SCCs strongly expressed pS53 in the tumor cells. In nonlesional
sun-exposed areas, skin basal cells weakly expressed p53. In SCC,
p53 expression also predominated in the basal layer, particu-
larly at sites of dermal invasion (Supplemental Figure 1; supple-
mental material available online with this article; doi:10.1172/
JCI66721DS1). We therefore performed laser microdissection of
p53* tumor cells from these areas that coexpressed the cytokeratin
AE1/AE3 (Figure 1A), in order to select representative material for
genetic analyses (10).

Tumor cell origin was studied on DNA extracted from laser-
microdissected pS3* tumor cells, using mitochondrial DNA-high-
resolution melting (mtDNA-HRM) and polymorphic microsatel-
lite markers. 2 female patients with previous male pregnancies
were excluded from this study. The 2 molecular methods used gave
interpretable results in 14 of the remaining 19 patients.

In Patient 1, mtDNA-HRM showed that laser-microdissected
p53* tumor cells had curves similar to the donor curves and dif-
ferent from the recipient curves (Figure 1B). Since widespread het-
erogeneity (heteroplasmy) has been found in normal and cancer
cell mtDNA in humans (11), we checked our HRM results using
Sanger sequencing: no heteroplasmy was detected. We next stud-
ied 7 polymorphic microsatellite markers for their informative
value, showing different donor and recipient profiles. Of these,
3 (D8S1820, D17S1879, and D3S3611) again clearly established
the donor-derived origin of the skin SCC (Figure 1C). In all, 12
of the 14 patients with interpretable molecular results had a SCC
of recipient origin, and 2 had a SCC with presence of donor cells.

A donor-derived malignant proliferation after allogeneic trans-
plantation was first identified in 1971, in a leukemia of donor ori-
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Recipient skin SCC. (A) Laser microdissection of p53+AE1/AE3+ basal cells from invasive areas. Scale bars: 15 um. (B) mtDNA-HRM of laser-

microdissected p53+ tumor cells and donor and recipient normal cells.

similar profiles. (C) DNA profiles from laser-microdissected p53+ tumor

Laser-microdissected p53+ tumor cells and donor normal cells showed
cells and donor and recipient normal cells. Microsatellite analysis at the

D8S1820 locus showed the donor origin of the p53+ tumor cells (106 and 114 bp), similar to donor DNA, but different from recipient DNA (106 and
112 bp). At the D17S1879 locus, microdissected p53+ tumor cell and donor DNA were heterozygous (155 and 159 bp), but recipient DNA was
homozygous (155 bp). (D) Sequencing of TP53 exon 5 PCR product identified a base substitution G>A on codon 175, corresponding to a R>H

amino acid change in DNA, from laser-microdissected p53+ tumor cells.

gin after bone marrow transplantation (12). More than 50 cases
have since been reported and are considered to result from onco-
genic transformation of apparently normal donor hematopoietic
cells in the transplant recipient (12). More surprising was the iden-
tification of a donor-derived genotype in epithelial cells in 4 cases
of oral SCC after bone marrow transplantation (13), because this
implied that donor-derived bone marrow cells, either hematopoi-
etic or mesenchymal, yielded epithelial tumors. Donor-derived cells
were also found in a skin basal cell carcinoma in a kidney trans-
plant recipient (9), but the donor cell contribution to the malig-
nant epithelium was not established.

The skin carcinoma in Patient 1 was, as in a large series of
kidney transplant recipients, a SCC (3, 6) that occurred in UV-
exposed areas (4, 6) and expressed pS3 (7). The predominance
of SCC, a fully differentiated type of skin carcinoma, over basal
cell carcinoma in kidney transplant recipients contrasts with the
predominance of basal cell carcinoma in the general population
(3, 4). The specific distribution of SCC in UV-exposed areas could
be linked to UV-induced keratinocyte damage, an event able to
trigger stem cell mobilization in the skin (14). In addition, the role
of UV-induced TP53 mutations in skin SCC has long been estab-
lished (15). More than 10 TP53 mutations in skin SCC in kidney
transplant recipients have been characterized (8), including the

3798 The Journal of Clinical Investigation

http://www.jci.org

UV-specific tandem CC>TT, a mutation more linked to the UVA
effect in the epidermal basal layer (16).

In the 2 patients with donor-derived p53*cells in their skin SCC,
PCR-HRM screening was performed to compare DNA from micro-
dissected p53* tumor cells and a control DNA, including a wild-
type TPS53 gene. In Patient 1, PCR-HRM screening showed a shift
fragment for exons 5-8 of TPS3. Sequencing of this shift fragment
identified a G>A base substitution on codon 175, corresponding to
aR>H amino acid (Figure 1D). This mutation did not belong to the
group of well-characterized UV-induced TPS3 mutations. We there-
fore decided to study the previous available biopsies of Patient 1.
In a biopsy performed 7 years before this patient’s SCC diagnosis,
we found pS53* cells in around 10% of kidney tubules. Using laser
microdissection, we selected pS3*AE1/AE3"* cells from sections of
the kidney biopsy (Figure 2A). After DNA extraction, sequencing
enabled us to identify an identical mutation of TP53 (codon 175)
in epithelial tubular cells from the kidney transplant (Figure 2B).
The p53* cells in the kidney tubules had no morphological sign
of malignancy. Possible primitive renal tumors or metastatic
cells transferred in the kidney graft (17) were excluded via patho-
logical analyses, including HPV typing (Supplemental Figure 2
and Supplemental Methods) and careful MRI. Over the 7-year fol-
low-up, systematic MRI was also found to be normal. In addition,
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Figure 2

Donor kidney. (A) Kidney graft biopsy performed 7 years before skin SCC diagnosis. Laser microdissection was used to select p53+AE1/AE3+*
cells in renal tubules. Scale bars: 5 um. (B) TP53 sequencing identified the same base substitution in laser-microdissected p53+ epithelial cells
from the kidney graft tubules as in skin SCC tumor cells. (C) Since sequencing showed an homozygous mutation in both skin SCC and kidney
graft tubules, we checked this result. Polymorphic microsatellite marker IGP53, located in intron 1, showed loss of heterozygosity for this locus in
recipient skin SCC and p53+ kidney graft tubule cells, but not in donor blood lymphocytes or p53- kidney graft tubule cells. (D) Kidney graft biopsy
with staining for p53 as well as the renal stem/progenitor cell marker CD24. Double-stained cells were few and were located in kidney tubules
(arrow), not in the glomerular area (G). Scale bars: 25 um; 10 um (insets, enlarged x3).

sequencing showed that the TP53 mutation in p53* cells from both
kidney tubules and skin SCC was not heterozygous. We therefore
used a different molecular method to check this result. A study of
the polymorphic microsatellite marker IGP53, located in intron 1
of TP53, was performed to compare the profiles of the donor and
the microdissected p53* cells from skin SCC and from kidney
graft tubules. This demonstrated a loss of heterozygosity in the
skin SCC and kidney graft tubule microdissected cells (Figure 2C).
In the case of Patient 1, these TP53 changes were not linked to
a cancer predisposition (Li-Fraumeni syndrome) (18), since there
was no family history of cancer under 45 years, and this patient
had no other cancer than his skin cancer.

We thus provided evidence of a donor renal epithelial cell contri-
bution to the malignant epithelium in the recipient skin SCC. In
adult human kidney, different types of progenitor cells have been
characterized in tubules. Cells with a CD133"CD24*CD106- phe-
notype are committed toward tubular lineage (19). In Patient 1,
pS3*CD24" cells were found in tubules in the kidney biopsy
(Figure 2D and Supplemental Methods). In addition, TP53 expres-
sion increases in kidney allografts when cold ischemia is pro-
longed beyond 24 hours, a common time lapse when kidneys from
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deceased donors are transplanted (20), as in Patient 1. Different
TP53 mutations have been reported in renal carcinomas, including
mutations in exons 5-8, where we found the codon 175 mutation.

Our finding of an identical TP53 mutation in the p53* cells in
the tubular epithelium from the kidney graft and in tumor cells
from the recipient skin SCC demonstrated a contribution of
donor cells to the recipient malignant epithelium. However, the
question remains why, in the 7-year follow-up, Patient 1 developed
a carcinoma in the skin and not in the grafted kidney. This could
be explained by additional oncogenic events in the recipient skin.
Extended genomic analysis via the molecular inversion probe-
based genotyping system enabled us to detect a KRAS mutation in
the skin SCC (Supplemental Figure 3). However, we used a specific
KRAS probe to perform PCR analysis and did not detect this muta-
tion in the kidney biopsy (Supplemental Methods). RAS muta-
tions have been recently identified in skin SCC in patients treated
with BRAF inhibitors (21). This was not the case for Patient 1.
Apart from the KRAS mutation, UV radiation could also instigate
additional oncogenic events in the recipient skin. In this patient, a
deleterious synergistic effect between UV and azathioprine could
have occurred, since azathioprine causes 6-thioguanine accumula-
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Volume 123 September 2013



brief report

tion in patient DNA and, in cell cultures, 6-thioguanine and UVA
are synergistically mutagenic (22).

Our results provide the first evidence for donor contribution
to the malignant epithelium of skin SCC in a kidney transplant
recipient. This finding has theoretical implications for the model
of cancer initiation and/or progression as well as clinical implica-
tions in the context of prolonged immunosuppression and longer
survival of kidney transplant patients.

Methods

Patients and samples. From 2000 to 2007, skin SCC were diagnosed in
21 kidney transplant recipients who had available archival samples and
donor and recipient DNA. Patients had received kidneys from deceased
donors for extramembranous glomerulonephritis, malformative uropa-
thy, or Henoch-Schénlein purpura. After kidney transplantation, immu-
nosuppression included corticosteroids, tacrolimus, mycophenolate-
mofetil, cyclosporine, and azathiopine. All biopsy samples, taken for
diagnostic purposes, had been formalin fixed and paraffin embedded.
SCC histological diagnosis was reviewed by 2 pathologists. From sam-
ples remaining after diagnosis had been established, sister sections were
subsequently taken from each block.

P53 immunostaining and laser microdissection of skin pS3*AE1/AE3" tumor cells.
pS3 immunostaining was performed on 5-pum-thick skin SCC sections using
indirect immunoperoxidase staining, with anti-human p53 mouse antibody
(clone DO7, Dako). Skin SCC areas with strong p53 expression in basal lay-
ers and invasive areas were selected, and 7-um-thick paraffin sections from
the corresponding tissue blocks were spread on membrane-coated slides.
Double immunostaining was then performed using anti-p53 antibody with
immunoperoxidase staining and anti-cytokeratin antibody (clone AE1/AE3,
an epithelial marker, Roche Diagnostics) with FITC staining.

Using a PALM-Microbeam/Zeiss system, laser microdissection was
performed on pS3*AE1/AE3* cells in invasive areas of skin SCC with a
pulsed UV-A nitrogen laser (337 nm), used to cut and catapult microdis-
sected cells directly into the buffer-containing cap of a microfuge tube.
At least 1,000 p53* tumor cells were laser microdissected, and DNA was
extracted using a Qiagen kit. DNA quality was checked by spectrometric
assay (Nanodrop 1000, Thermo Scientific). The cell population selected by
laser microdissection was checked using quantitative RT-PCR (qRT-PCR)
on an ABI PRISM 7700 system and predeveloped TagMan assay reagents
specific to KRT14 (Hs00265033_m1) and PTPRC (Hs00365634_g1). Laser-
microdissected cells expressed KRT14 mRNA, an epithelial marker, and not
PTPRC mRNA, a pan-leucocyte marker.

mtDNA-HRM analyses of microdissected p53* tumor cells. mtDNA profiles
from SCC laser-microdissected p53* tumor cells were compared with those
from donor and recipient cells. Primers were designed to flank the hyper-
variable regions I of the noncoding displacement loop (D-loop) of mtDNA
from NCBI reference sequence NC_012920.1 (23), and synthesized (Euro-
gentec). Primers flanking the hypervariable regions I were used to amplify
an initial 243-bp PCR product using the forward primer I 16105F (5'-TGC-
CAGCCACCATGAATA-3') and reverse primer I 16348R (5'-GACTGTA-
ATGTGCTATGTACGGTAAA-3'). See Supplemental Methods for PCR
cycling, mix, and HRM steps. All reactions were completed in triplicate.

1.Krause DS, et al. Multi-organ, multi-lineage
engraftment by a single bone marrow-derived
stem-cell. Cell. 2001;105(3):369-377.

.Korbling M, et al. Hepatocytes and epithelial cells
of donor origin in recipients of peripheral-blood
stem-cells. N Engl ] Med. 2002;346(10):738-746.

.Euvrard S, Kanitakis J, Claudy A. Skin cancers
after organ transplantation. N Engl ] Med. 2003;
348(17):1681-1691.

[

154(3):498-504.

(<3

25(8):2764-2771.

3800 The Journal of Clinical Investigation

4. Moloney FJ, Comber H, O’Lorcain P, O’Kelly P,
Conlon PJ, Murphy GM. A population-based
study of skin cancer incidence and prevalence in
renal transplant recipients. Br J Dermatol. 2006;

S.Ingvar A, et al. Solid organ transplantation and

risk of post-transplant cutaneous squamous
cell carcinoma. Nephrol Dial Transplant. 2010;

http://www.jci.org

Polymorphic microsatellite marker analyses of microdissected pS3* tumor cells.
7 highly polymorphic microsatellites were evaluated: D3S3611, D3S1597,
D5S2095, D8S1820, D9S162, D1751879, and IGPS53. Primer sequences
were obtained from UCSC Genome Bioinformatics (http://genome.ucsc.
edu/). See Supplemental Methods for PCR. Fluorescent allelic profiles
from SCC laser-microdissected p53* tumor cells were compared with those
from donor and recipient cells.

TP53 screening and sequencing in pS3* tumor cells from 1 skin SCC with cells of
donor origin. Sequencing of the shift fragment for exons 5-8 of TP53, deter-
mined by PCR-HRM screening, was performed using the Sanger method
(24). Primers were designed from NCBI reference sequence X54156. Ampli-
cons 80-150 bp in length covered the coding sequence and exon-intron
boundaries. All forward primers were tailed with M13-Universal nucleo-
tidic sequence for sequencing standardization (Supplemental Table 1). See
Supplemental Methods for PCR, HRM steps, and sequencing.

Genotyping of skin SCC. DNA from laser-microdissected p53* tumor cells
in skin SCC was studied using the molecular inversion probe-based geno-
typing system OncoScan Express (Affymetrix), which determines genotype
of 330,000 SNPs. Analyses for mutation detection were performed using
Nexus 7 software (BioDiscovery). See Supplemental Methods for details.

Laser microdissection of pS3* renal tubule cells and TPS3 sequencing. In Patient 1,
with donor-derived tumor cells and TP53 mutation in the skin SCC, we
studied kidney biopsies performed on the graft before the skin SCC diag-
nosis. Immunohistochemistry using anti-human p53 antibody enabled us
to identify areas with p53* renal tubule cells. On the corresponding tis-
sue blocks, double immunostaining was performed using p53 antibody
with immunoperoxidase staining and anti-cytokeratin (clone AE1/AE3, an
epithelial marker, Roche Diagnostics) with FITC staining. pS3*AE1/AE3*
cells in renal tubules were laser microdissected and DNA extracted, and
quality was checked. The cell population selected by laser microdissection
was also checked, and qRT-PCR showed that it expressed KRT14 mRNA,
not PTPRC mRNA. PCR and TP53 sequencing were then carried out as for
laser-microdissected tumor cells from skin SCC in the same patient.

Study approval. The study was approved by the Institutional Review Board
of Hopital Saint Louis, and informed consent was obtained in accordance
with the Declaration of Helsinki.
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