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Summary

Owing to the need of lifelong immunosuppression, solid-organ transplant recipients are known to 

have an increased risk of posttransplant malignancies including lung cancer. Posttransplant 

neoplastic transformation of donor-derived cells giving rise to hematopoietic malignancies, Kaposi 

sarcoma, and basal cell carcinoma in nongraft tissues has been reported. The goal of this study 

was to assess the cell origin (donor versus recipient derived) of posttransplant non–small cell lung 

carcinomas (NSCLCs) in kidney and heart transplant recipients. An institutional database search 

identified 2557 kidney and heart transplant recipients in 8 consecutive years. Among this cohort, 

20 (0.8%) renal and 18 (0.7%) heart transplant recipients developed NSCLC. The study cohort 

comprised 6 of 38 NSCLCs arising in donor-recipient sex-mismatched transplant patients. The 

tumor cell origin was evaluated by chromogenic in situ hybridization with Y-chromosome probe 

on formalin-fixed, paraffin-embedded tissues. Y-chromosome was identified in 97% ± 1% (range 

from 92% to 99%) of all types of nucleated cells in male control tissues. In all 5 NSCLCs from 

male recipients of female donor organ, Y-chromosome was identified in 97% ± 2% (range from 

92% to 100%) of tumor cells, statistically equivalent to normal control (P < .001). No Y-

chromosome was identified in NSCLC cells from a female recipient of male kidney. These 

findings suggest a recipient derivation of NSCLC arising in kidney and heart transplant recipients. 

A combination of histologic evaluation and chromogenic in situ hybridization with Y-
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chromosome analysis allows reliable determination of tissue origin in sex-mismatched solid-organ 

transplant recipients and may aid in management of posttransplant malignancy in such cases.

Keywords

Post–solid-organ transplantation lung cancer; Chromogenic in situ hybridization for Y-
chromosome

1. Introduction

Posttransplant malignancy (PTM) is one of the common causes of death among long-term 

survivors of kidney and heart transplantation [1,2]. The frequency of de novo malignant 

tumors in transplant recipients ranges from 4% to 18%, and is up to several hundred-fold 

greater than in the general population [3-5]. The cause of PTM is believed to be 

multifactorial, and chronic immunosuppression is thought to play an important role [4,6]. 

Long-term immunosuppression impairs the transplant recipient’s immunosurveillance for 

neoplastic cells and depresses host antiviral immune activity, leading to increased risk for 

viral-related malignancies [7]. In addition, with improvement of transplant recipient 

survival, the risk for development of PTM increases in aging patients. Moreover, expanded 

donor criteria to include older donors due to donor shortage also increase the risk of donor-

derived malignancies [8].

The most frequent malignancies after transplantation are mucocutaneous carcinomas, 

lymphoproliferative disorders, and Kaposi sarcoma [4,6]. The study by de Perrot et al [9] 

has estimated that there is a 0.3% risk of developing lung cancer after solid-organ transplant. 

In terms of PTM location, the tumor could be present either in the graft itself, or in other 

organs outside the graft. The recognized pathways of PTM include (1) acquisition of an 

occult donor malignancy, (2) development of de novo malignancy, (3) recurrence of 

recipient’s previous malignancy, and (4) propagation of oncogenic viral infection leading to 

de novo malignancy [8,10]. Recent publications have suggested another (5) intriguing 

pathway where de novo malignancy is thought to develop from circulating donor cells in 

nongraft organs [11-14].

Determination of a tumor origin is important for clinical management. If a tumor is of donor 

origin, the recipient’s immune system sees it as “foreign” and may provide more robust 

immune response once the immunosuppression is reduced or stopped [8,15,16].

Because blood from the entire body is being filtered through the pulmonary capillary bed, 

we hypothesized that lung may serve as ideal organ for circulating donor cells engraftment 

and development of PTM. To test this hypothesis, we evaluated the tumor cell origin of 

non–small cell lung carcinomas (NSCLCs) in sex-mismatched heart and kidney transplant 

recipients using chromogenic in situ hybridization with Y-chromosome (Y-CISH) probe.
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2. Materials and methods

2.1. Material selection

An institutional database search from January 2002 to September 2010 identified 2557 

kidney or heart transplant cases. Among these, 38 patients presented with PTM. Six of 38 

patients who underwent sex-mismatched solid-organ transplantation comprised the study 

cohort. The histologic slides including special stains were rereviewed to assure that the 

tumor classification meets the current criteria [17]. The tumor tissue, normal male lung, and 

kidney tissue (positive control) and normal female lung and kidney tissue (negative control) 

were evaluated for the presence of Y chromosome by Y-CISH.

2.2. Chromogenic in situ hybridization for Y-chromosome

Y-CISH was performed on formalin-fixed, paraffin-embedded tissue using 10-μm sections 

placed on positively charged slides. Slides with specimens were baked in a 6°C oven for 1 

hour, cooled, and deparaffinized/rehydrated through xylenes and graded ethanol solutions to 

deionized (DI) water. Pretreatment was performed by heat-induced epitope retrieval, in 

which the slides were placed in Heat Pretreatment Solution EDTA (ZytoVision, 

Bremerhaven, Germany) for 15 minutes at greater than 95°C using a vegetable steamer and 

cooled for 20 minutes in solution. Slides were then washed in DI water 3 times, for 2 

minutes each wash. Proteolysis was performed by applying 1 to 2 drops of the Pepsin 

Solution (ZytoVision CISH Kit) on each tissue section and incubating slides at 37°C, for 10 

minutes, in a humidity chamber. After proteolysis, the slides were washed 3 times, for 2 

minutes each wash, in DI water. Tissue sections were then dehydrated through graded 

alcohols and air-dried.

Once the slides were thoroughly dry, 10 to 20 μL of the ZytoDot CEN Y probe (ZytoVision) 

was applied to the tissue on each slide. The slides were subsequently coverslipped and 

sealed with rubber cement, to keep the tissue from drying out during the denaturing and 

hybridization process. Slides were then denatured at 95°C for 5 minutes and hybridized 

overnight at 37°C. After overnight hybridization, rubber cement was gently removed from 

each slide. Slides were washed at room temperature in Wash Buffer SSC (RTU; ZytoVision 

CISH Kit) for 5 minutes, to remove coverslips. After the short room temperature incubation, 

slides were then transferred to Wash Buffer SSC (ZytoVision CISH Kit) that had been 

preheated to 75°C to 80°C and washed for an additional 5 minutes. Slides were removed 

from the heated SSC solution and rinsed for 2 minutes, 3 times each, in DI water. Tissue 

sections were then incubated for 10 minutes in 3% H2O2 solution and washed for 2 minutes, 

3 times each in phosphate-buffered saline/Tween (ZytoVision CISH Kit). Blocking solution 

(ZytoVision CISH Kit) was applied (1-2 drops/slide) and incubated for 10 minutes at room 

temperature. Blocking solution was then blotted off, but slides were not rinsed. A labeled 

polymer (ZytoVision CISH Kit) was used as detection system.

Counterstain was performed using Mayer hematoxylin solution (ZytoVision CISH Kit) for 

approximately 5 to 10 seconds, to avoid dark counterstaining that may obscure positive 

staining signals. The slides were then transferred to staining jar and washed for 2 minutes in 

tap water. Slides were then dehydrated through graded ethanol solutions and then incubated 
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in 2 changes of xylene, 2 minutes each. Sections were then air-dried for approximately 15 

minutes and coverslipped using alcoholic Mounting Solution (Zyto-Vision CISH Kit). 

Stained and coverslipped tissue sections were air-dried overnight and sent for evaluation by 

light microscopy.

At least 10 high-power fields within tumors and nonneoplastic lung and kidney tissues were 

evaluated for the presence of hybridization signals at ×500 magnification. The average 

percentage of positive cells between groups was assessed using equivalence test at an α a 

level of .05 (version 9.2; SAS, Cary, NC).

3. Results

3.1. Clinicopathological findings

Thirty-eight of 2557 (1.5%) kidney or heart transplant recipients developed NSCLC, with 20 

(0.8%) cases arising in kidney and 18 (0.7%) cases arising in heart transplant recipients. The 

kidney transplant cohort included 16 men and 4 women (mean age, 63 years; range, 51-72 

years); the heart transplant cohort included 17 men and 1 woman (mean age, 64 years; 

range, 55-73 years). Twenty-two (58%) of 38 cases were squamous cell carcinomas, 10 

(26%) were poorly differentiated NSCLC without light microscopic or 

immunohistochemical features of glandular or squamous differentiation, and 6 (16%) were 

adenocarcinomas. Mean time from transplant to diagnosis of carcinoma was 93 months 

(range from 20 to 228 months). Six of the 38 cases were donor-recipient sex mismatched, 

including 5 kidney transplant cases and 1 heart transplant case (Table). These included 5 

squamous cell carcinomas and 1 adenocarcinoma. The mean age of recipients at the time of 

NSCLC diagnosis was 66 years (range from 57 to 74 years); the mean time from transplant 

to NSCLC diagnosis was 127 months (range from 115 to 150 months). The tumor stage 

varied at presentation; however, eventually all patients died of lung cancer within 1 to 94 

months (mean survival, 25.8 months).

3.2. Y-CISH in control tissues

All types of normal male kidney nucleated cells including tubular and glomerular epithelial 

cells, endothelial cells, stromal, and inflammatory cells (Fig. 1A) showed nuclear dot-like 

signals (96% ± 1%, range from 92% to 99%). All types of normal male lung nucleated cells 

(Fig. 1B) including pneumocytes, alveolar macrophages, endothelial, stromal, smooth 

muscle, and inflammatory cells showed nuclear dot-like signals (97% ± 1%, range from 

94% to 99%). Noticeably, the hybridization signals differed from anthracotic dust 

commonly present in lung parenchyma and appeared as distinct similar in size and brown 

nuclear dots (Fig. 1A and B, arrows), whereas the anthracotic dust comprised variable in 

shape and size gray-black intracytoplasmic and interstitial particles (Fig. 1B and D, 

arrowheads). No hybridization signals were observed in normal female kidney (Fig. 1C) and 

lung (Fig. 1D).

3.3. Y-CISH in lung carcinomas

Six NSCLCs were evaluated for the presence of Y-chromosome (Table). Five NSCLCs from 

male recipient/female donor cases showed high levels of hybridization in both the tumor and 
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adjacent nonneoplastic lung (Fig. 2), with 97% ± 2% (range from 92% to 100%) NSCLC 

cells showing the presence of Y-chromosome and 97% ± 1% (range from 94% to 99%) 

pulmonary parenchyma cells showing the presence of Y-chromosome (P < .001, 

equivalence test). One NSCLC from a female recipient/male donor case showed no Y-

chromosome in either the tumor cells or the adjacent nonneoplastic lung parenchyma.

4. Discussion

Previous studies have demonstrated that donor cells could relocate to nongraft tissues and 

give rise to PTM outside the graft. Aractingi et al [12] suggested that stem cells originating 

from a grafted kidney, in rare occasions, may give rise to skin carcinoma. Donor-derived 

bone marrow and blood stem cells were found to contribute to a recipient’s solid-organ 

cancers [13,14]. The concept of foreign donor cells coexisting with “self” recipient cells, 

known as mixed allogenic chimerism, may play a role in these scenarios. Mixed allogenic 

chimerism has been observed in pregnancy. The presence of gestation-derived male fetal 

cells in maternal organs is seen long after gestation [18-20]. In lung allograft recipients 

surviving more than 1 month after transplantation, donor cells have been identified in 

multiple nongraft organs, including recipient’s native lung, heart, lymph node, skin, liver, 

spleen, and kidney [11].

In this study, to establish the origin of PTM, we identified 6 cases of NSCLC in patients 

with sex-mismatched heart or kidney transplants and tested their tissues for the presence of 

Y-chromosome. We showed that 6 of 6 sex-mismatched posttransplant NSCLC cases had 

the concordant Y-chromosome status between the tumor and nonneoplastic lung, suggesting 

a recipient origin of their tumors.

The results of our assessment of NSCLC are different from what was previously reported in 

nonmelanoma skin cancer, where 48 cutaneous lesions developed in 14 women grafted with 

a male kidney were analyzed for the tumor cell origin [12]. Using quantitative polymerase 

chain reaction (PCR) for Y-chromosome, the authors showed that a significant proportion of 

cutaneous lesions contained male cells, whereas 1 basal cell carcinoma had male cells at 

high levels. Based on the results of immunohistochemical and fluorescent in situ 

hybridization analysis in selected cases, they proposed that stem cells originating from a 

grafted kidney may migrate to the skin, differentiate, or fuse as keratinocytes that could, 

rarely undergo cancer transformation. As in our set of NSCLC cases, we found no 

confirmation of that hypothesis; our findings suggest that in contrast to nonmelanoma skin 

cancer, where immunosuppression is a recognized risk factor for malignant transformation, 

it may present a lesser risk in NSCLC. Nevertheless, it is possible that NSCLCs do show a 

low level of mixed allogenic chimerisms beyond sensitivity of CISH or at a low frequency 

that would only be detected in a setting of much larger series.

One of 6 cases in the study cohort was a female recipient of male kidney who developed 

squamous cell carcinoma. Y-CISH testing showed complete lack of Y-chromosome signals, 

and thus, the tumor was interpreted as of a recipient origin. Because Y-chromosome loss is 

not uncommon in NSCLC [21,22], it lays ground for false-positive Y-CISH results where 

lack of Y-chromosome signals is a sign of cytogenetic alterations and not a female sex. 
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Complete absence of Y-chromosome would be more in keeping with a female sex, as was 

seen in our case; however, additional studies may be needed to confirm the Y-CISH 

assessment in male to female transplants.

In light of the assay methodology, Y-CISH could only be used for assessment of sex-

mismatched cases. Microsatellite molecular analysis with use of capillary electrophoresis 

and PCR-based DNA analysis may be used to study tumor cell origin in sex-matched 

transplant cases [23,24]. Other molecular techniques to establish donor versus recipient 

origin include quantitative real-time PCR for Y-chromosome [12].

Y-CISH testing to assess the tumor origin in sex-mismatched cases is a novel approach 

offering certain advantages over other methods. It permits use of formalin-fixed, paraffin-

embedded archival tissue, shows good preservation of cell morphology for subsequent 

histologic evaluation, and generates an end-product that can be permanently archived 

[25,26]. In contrast, more commonly used fluorescent in situ hybridization is more difficult 

to correlate with cell morphology and has limited working time window due to 

photobleaching [27,28]. In addition, CISH is a relatively inexpensive technique that could be 

performed in most routine histopathology laboratories, and the slides can be read with 

regular light microscopes.

In the present study, a small percentage (~3%) of the normal male tissues lacked Y-

chromosome signals in the planes of examination, probably due to nuclear truncation. 

Furthermore, because the procedure requires 10-μm-thick tissue sections, it is likely that the 

chromosome loci targeted by the hybridization probe are left out of the plane of sectioning, 

representing a technical artifact.

Among particles that may mimic CISH hybridization signals and potentially lead to false-

positive results are anthracotic dust, ferruginous bodies, hemosiderin granules, and 

Hamazaki-Wesenberg bodies [29,30]. The main feature that helps to separate Y-CISH 

signals from the mimickers is their intranuclear location. Furthermore, the Y-CISH 

hybridization signals are small uniformed and brown as opposed to anthracotic dust, which 

is represented by black particulate matter. Hemosiderin granules show greater size and shape 

variability, whereas ferruginous bodies have a complex composition associated with 

particular or fibrous core. Hamazaki-Wesenberg bodies are larger and are commonly found 

in mediastinal lymph nodes, not lung parenchyma.

In conclusion, Y-CISH analysis suggests a recipient derivation of posttransplant NSCLC in 

our cohort of heart and kidney transplant patients. A combination of histologic evaluation 

and high levels of probe hybridization by Y-CISH allows reliable determination of tissue 

origin in sex-mismatched solid-organ transplant recipients and may aid in management of 

PTM in such cases.
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Fig. 1. 
Sex-specific hybridization with Y-chromosome probe in normal kidney and lung tissues. 

Distinct nuclear hybridization signals are seen in kidney (A) and lung (B) parenchyma from 

a man; the hybridization signals are lacking in kidney (C) and lung (D) parenchyma from a 

woman. Note the difference in color between hybridization signals (brown, arrows) and 

anthracotic dust (black, arrowheads). Original magnification ×600.
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Fig. 2. 
Y-chromosome status of NSCLCs and normal lung parenchyma in patients with sex-

mismatched kidney transplant. Squamous cell carcinoma from case 3: hematoxylin and 

eosin (A) and corresponding section subjected to chromogenic in situ hybridization for Y 

chromosome (C). Adenocarcinoma from case 4: hematoxylin and eosin (B) and 

corresponding section subjected to chromogenic in situ hybridization for Y chromosome 

(D). Distinct nuclear hybridization signals indicating male sex are seen in neoplastic 

(arrows) and nonneoplastic (arrowheads) components. A and C, ×400 and ×600; B and D, 

×400 and ×600.
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