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Organ transplant recipients are at high risk of developing
squamous cell carcinoma (SCC) (1-3). These viral-
associated skin cancers cause severe morbidity and may
also be life-threatening (4, 5). Thus, regular follow-up by
a dermatologist is recommended. The time intervals of the
examinations should be determined by the individual’s
risk for SCC development (6-8). One of the main risk
factors is long-term immunosuppression (3, 9), leading
to severe deficits in immunosurveillance.

Dendritic cells (DC) play an important role in immuno-
surveillance, even though they constitute only 0.5% of
the leukocytes in blood (10). Plasmacytoid DC (pDC)
are a subset of DC. They produce interferon-alpha
(IFN-a) and are considered to play a critical role in
antiviral immunity (11). Type 1 myeloid DC (mDC1),
another DC subset, are responsible for induction of T-
cell responses (12).

On the basis of the potential of DC to prevent cancer
development, we wanted to determine whether renal
transplant recipients (RTR) who develop SCC have a
reduced quantity of these two DC subgroups in blood
compared with RTR who do not develop SCC.

MATERIALS AND METHODS

The Norwegian Renal Registry was utilized as source to RTRs
living in Hordaland County in Western Norway. All adult RTR
transplanted more than 8 years ago received a written invitation
to participate in the study in January 2009 (112 subjects). Two
enquiries did not reach the recipients. Sixty-one RTR (56%) gave
their informed consent. The Norwegian Cancer Registry and the
patients’ medical records were used to collect data on the occur-
rence of SCC and immunosuppressive medication. Fifteen out of
61 patients (25%) had excised one or more SCC. These 15 patients
were matched to be as homogeneous as possible according to
duration and type of immunosuppression (mean time after trans-
plantation 22 years, range 9-36), age (mean age 63 years, range
51-74) and gender (male/female ratio 10:5), to 15 RTR without
SCC (mean time after transplantation 20 years, range 9-33; mean
age 65 years, range 52—79; male:female ratio 11:4).

One dermatologist performed a clinical examination of the
30 RTR to evaluate their skin type and presence of human
papillomavirus-induced warts. All the participants had a good
general condition, even though one patient without SCC was
treated with antibiotics due to an infection. Subsequently, ap-
proximately 50 ml peripheral blood was collected in heparin
tubes. The age- and gender-matched controls were 21 immuno-
competent volunteers without SCC (mean age 64 years, range
50-78 years; male/female ratio 13:8).

The study was performed according to the Declaration of
Helsinki, and was approved by the Regional Committee for
Research Ethics (176.08) and the Data Inspectorate.
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Staining of pDC and mDC1 was performed in heparinized
blood stored at room temperature for less than 90 min. The
DC were stained with the Blood DC enumeration kit (Mil-
tenyi Biotec, Bergisch Gladbach, Germany), according to the
manufacturer’s manual. Flow cytometry was performed on a
BD FACSCanto I (BD Bioscience, San Jose, CA, USA) flow
cytometer. Data analysis was performed with FlowJo software
(Tree Star Inc., Ashland, USA). The results were calculated as
percentage positive cells among leukocytes.

A 2-tailed Mann-Whitney test was used for the statistical ana-
lysis of pair-wise comparison between groups. The significance
level was set at p <0.05. The statistical analyses were performed
using Prism (GraphPad Software Inc., La Jolla, CA, USA).

RESULTS

Patients with SCC had a reduced number of circulating
pDC compared with patients with no SCC, without
reaching statistical significance (0.057% vs. 0.079%).
Moreover, the amount of pDC in both patient groups
was significantly reduced compared with the controls
(0.112%) (p=0.0026 and p=0.0077, respectively).

The amount of mDC1 in peripheral blood was similar
in both patient groups and was reduced compared with
the controls, albeit not statistically significant (patients
with SCC=0.060% and without SCC=0.053% vs.
controls 0.103%). The patient undergoing treatment
for an infection had the highest mDC1-value (0.236%
of leukocytes).

Since the patients were on different immunosup-
pressive medication, we analysed whether specific
medication had an influence on the two DC subsets.
The analysis revealed no such differences. Only 2 pa-
tients were treated with Everolimus, making statistical
analyses impossible (Fig. 1).

DISCUSSION

To our knowledge, this study is the first to elucidate
whether the quantity of pDC and mDC1 in peripheral
blood of RTR might serve as a prognostic indicator for
development of SCC.

We observed reduced amounts of pDC in the patients
with SCC compared with the patients without SCC,
although not statistically significant. An obvious reason
for this could have been different medication in the two
patient groups. However, comparing the patient groups
according to which medication they were using revealed
no statistically significant differences in the amount of
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pDC or mDCI1 (Fig. 1). Also, the 2 patients treated with
Everolimus did not deviate from the others, indicating
that mTOR inhibition does not influence DC populations
in a different way than conventional immunosuppres-
sion. Furthermore, it has been reported by Hackstein
et al. (13) that it is mainly prednisolone in doses more
than 10 mg/day that has a significant negative impact
on pDC. In the present study the mean prednisolone
dose was small in the patients with and without SCC
(5.9 and 5.7 mg/day, respectively), making it unlikely
that this caused the difference in pDC levels. Our study
revealed a significantly reduced level of circulating
pDC in the immunosuppressed patients compared with
the immunocompetent control group, confirming the
findings of Hackstein et al. (13).

In our experiment there was no difference in the number
of mDCl in the 2 different patient groups and surprisingly
no significant difference between the patients and the
controls. This might be due to the limited number of pa-
tients included in this study. The high amount of mDC1
observed in the patient with an infection might reflect the
increased antigen-presenting activity of the mDCI.

A reduced level of pDC would result in less secretion
of IFN-a, thereby lowering the antiviral activity of the
immune system. This might lead to reactivation of latent
oncoviruses, finally resulting in increased incidence of
viral-associated malignancies. Even though differences
in pDC between the 2 patient groups did not reach statis-
tical significant levels, we cannot rule out an association
between development of SCC and a reduced amount of
pDC in peripheral blood of immunosuppressed patients.
A study encompassing a larger patient cohort is needed
to support this data.

ACKNOWLEDGEMENTS

The authors would like to thank everybody participating in the
study. We thank Dagny Ann Sandnes for excellent technical as-
sistance, Einar Svarstad for distributing the enquiries to the pa-
tients and Arvid E. Nilsen for critical reading of the manuscript.
This work was supported by the Bergen Research Foundation,
Norwegian Cancer Society, and the Broegelmann Legacy. Some
of the data in this article are from the Cancer Registry of Nor-
way. The Cancer Registry of Norway is not responsible for the
analysis or interpretation of the data presented.

Acta Derm Venereol 92

The authors declare no conflicts of interest.

REFERENCES

1. 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; 154: 498-504.

2. Jensen P, Hansen S, Moller B, Leivestad T, Pfeffer P, Geiran
O, et al. Skin cancer in kidney and heart transplant reci-
pients and different long-term immunosuppressive therapy
regimens. ] Am Acad Dermatol 1999; 40: 177-186.

3. Bouwes Bavinck JN, Hardie DR, Green A, Cutmore S,
MacNaught A, O’Sullivan B, et al. The risk of skin cancer
in renal transplant recipients in Queensland, Australia. A
follow-up study. Transplantation 1996; 61: 715-721.

4. Hofbauer GF, Bouwes Bavinck JN, Euvrard S. Organ
transplantation and skin cancer: basic problems and new
perspectives. Exp Dermatol 2010; 19: 473—482.

5. Lindelof B, Jarnvik J, Ternesten-Bratel A, Granath F,
Hedblad MA. Mortality and clinicopathological features
of cutaneous squamous cell carcinoma in organ transplant
recipients: a study of the Swedish cohort. Acta Derm Ve-
nereol 2006; 86: 219-222.

6. Stasko T, Brown MD, Carucci JA, Euvrard S, Johnson TM,
Sengelmann RD, et al. Guidelines for the management of
squamous cell carcinoma in organ transplant recipients.
Dermatol Surg 2004; 30: 642—650.

7. Wisgerhot HC, Edelbroek JR, de Fijter JW, Haasnoot GW,
Claas FH, Willemze R, et al. Subsequent squamous- and
basal-cell carcinomas in kidney-transplant recipients after
the first skin cancer: cumulative incidence and risk factors.
Transplantation 2010; 89: 1231-1238.

8. Ducloux D, Carron PL, Rebibou JM, Aubin F, Fournier
V, Bresson-Vautrin C, et al. CD4 lymphocytopenia as a
risk factor for skin cancers in renal transplant recipients.
Transplantation 1998; 65: 1270-1272.

9. Ho WL, Murphy GM. Update on the pathogenesis of post-
transplant skin cancer in renal transplant recipients. Br J
Dermatol 2008; 158: 217-224.

10. Steinman RM, Banchereau J. Taking dendritic cells into
medicine. Nature 2007; 449: 419-426.

11. Fitzgerald-Bocarsly P, Feng D. The role of type I interferon
production by dendritic cells in host defense. Biochimie
2007; 89: 843-855.

12. Ueno H, Klechevsky E, Morita R, Aspord C, Cao T, Matsui
T, et al. Dendritic cell subsets in health and disease. Im-
munol Rev 2007; 219: 118-142.

13. Hackstein H, Renner FC, Bohnert A, Nockher A, Frommer
T, Bein G, et al. Dendritic cell deficiency in the blood of
kidney transplant patients on long-term immunosuppres-
sion: results of a prospective matched-cohort study. Am J
Transplant 2005; 5: 2945-2953.



