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in the liver, heart, kidney, lung, and spleen
of treated mice, which suggests that treat-
ment with I-Lys could represent a spe-
cific and safe therapeutic strategy against
caspase-3-downregulated tumors. The
authors also demonstrated that low doses
of I-Lys, incapable of inducing apoptosis
as a single agent, synergistically increased
sensitivity to chemotherapy-induced cell
death in multidrug-resistant cancer cells.
Despite these promising findings, more
rigorous preclinical studies are still needed
to establish whether I-Lys could be used in
human cancer therapy. To turn I-Lys into a
pharmacological agent for clinical use will
require more in-depth analysis of its phar-
macokinetics, bioavailability, and tolerabil-
ity. Nonetheless, the present study by Lin et
al. (4) provides a strategy for precision med-
icine, namely the biomarker of caspase-3
deficiency, and suggests a novel approach
to treat such tumors.
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Donor-associated malignancy
In Kidney transplant patients

Cai-Bin Cui and David A. Gerber
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Skin cancer cells with donor genotype have been identified in allogeneic
transplant patients; however, the donor contribution to the recipient’s epi-
thelial malignancy remains to be established. In this issue of the JCI, Ver-
neuil et al. provide the first evidence for donor contribution to the malig-
nant epithelium of skin squamous cell carcinoma in a kidney transplant
recipient. This case report may have important implications for cancer
research and clinical care of long-surviving kidney transplant patients.

Introduction

Kidney transplantation is the preferred
treatment for end-stage kidney disease due
to improved patient survival and quality of
life as well as lower treatment costs com-
pared with dialysis (1). However, as trans-
plant recipients live longer and a greater
number of older donors are used (2), long-
term complications, such as cancer as a
leading cause of death in patients with a
functioning graft, will begin to emerge.
This outcome can predominantly be attrib-
uted to the immunosuppression required
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to avoid rejection of the transplanted
organ (3). The incidence of skin cancer is
increased in transplant recipients, especial-
ly in kidney transplant recipients (KTRs),
for which squamous cell carcinoma (SCC)
is most common (4-6).

In most cases, skin SCC originates from the
recipient’s epithelium, but donor cells from
transplanted kidney could also be a source.
While more than 64 cases of donor cell leu-
kemia have been reported in bone marrow
transplant patients (7), only one skin basal
cell carcinoma (BCC) has been previously
reported as being donor associated in alloge-
neic KTR (8). In this issue of the JCI, Verneuil
etal. provide the first convincing evidence for
adirect donor contribution to the malignant
epithelium of skin SCC in a KTR (9).
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In contrast to the prevalence of BCC in
the general population, skin SCC is pre-
dominant in KTRs (4, 10). Skin SCC is a
fully differentiated type of skin carcino-
ma originating mainly from epithelium
and is the most common skin cancer in
transplant recipients, occurring 65 to
250 times as frequently as in the gen-
eral population (4, 6). Skin carcinogen-
esis in KTRs is a complex, incompletely
understood process. Multiple oncogenic
events include gene mutations (e.g.,
TPS3, which encodes p53, and KRAS)
introduced by UV radiation (3, 11),
viral infection, or germline inheritance.
More than 250 independent germline
TP53 mutations have been discovered
(12). Such mutations are typically asso-
ciated with Li-Fraumeni syndrome, a
clinically and genetically heterogeneous
autosomal-dominant inherited cancer
syndrome (12, 13). Immunosuppressive
medications prevent the immune system
from removing the mutant cancer cells,
which — combined with the deleterious
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synergistic effects of UV (8, 11) and other
events — may initiate and/or promote the
process of skin carcinogenesis (3, 13, 14).

Donor-associated versus de novo
malignancy in transplant recipients
The majority of skin SCCs in KTRs origi-
nate from the recipient’s skin epithelium,
but donor cells from the transplanted kid-
ney can also serve as a source. Verneuil et
al. (9) reviewed 21 skin SCCs from KTRs;
in one patient, they identified a skin SCC
with donor genotype, but not the recipi-
ent’s. They confirmed that the microdis-
sected p53* cells in both recipient skin
SCC and donor renal tubules had the same
mitochondrial DNA-high-resolution
melting patterns in all three markers, but
were different from the recipient’s DNA.
In addition, they found that the skin SCC
carried the same TP53 ¢.524G>A mutation
(p-Argl75His, also known as rs28934578)
as in donor renal tubule p53* cells, but not
in the normal recipient cells. This germ-
line mutation in TP53 was different from
the common UV-induced tandem CC>TT
mutation. The authors conclude that the
recipient’s skin SCC originated from donor
renal tubule cells and provide convincing
evidence for direct donor contribution to
the malignant epithelium of skin SCCin a
KTR. They also identified a KRAS mutation
in skin SCC, but not in donor cells, which
indicates that the KRAS mutation is a new
somatic mutation. The patient skin SCC
was located in a UV-exposed area, and the
combination of KRAS and TPS3 mutations
could be a key to initiation and/or promo-
tion of skin epithelial carcinogenesis.
Although it is unclear how donor renal
cells migrate to skin and form a tumor,
donor-associated malignancy (DAM)
should perhaps be approached differ-
ently than de novo malignancy (DNM) in
a transplant recipient. Because donor cells
migrate to new foreign sites, such as recipi-
ent skin, it is important to determine how
they adapt to the new microenvironmen-
tal niche, what effects result from the new
interactions, and the effects of donor cells
on tumorigenesis. Similar to donor cell
leukemia (15), there is undoubtedly some
mechanistic overlap between the develop-
ment of DAM and DNM. In the pathogene-
sis of DAM, it is important to consider that
its cause is multifactorial in nature. Factors
intrinsic to the cell and external signaling
cues from the niche determine a normal
versus neoplastic fate for the transplanted
donor cells. Continued research to char-
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acterize DAM will help to understand the
dynamic equilibrium between both normal
and cancer stem cells and the skin microen-
vironment (7, 15). These interactions could
help explain why the p53* renal tubule cells
with the same TP53 mutation in the KTR
described by Verneuil et al. never formed a
renal tumor (9).

Unanswered questions

Cancer, especially skin SCC, is a leading
cause of mortality and morbidity in long-
surviving KTRs. Future research should
address what can be done to reduce/pre-
vent DNM and DAM in KTRs. Should
a cancer risk genetic test be included in
transplant recipient and/or donor organ
screening? For recipient screenings, bio-
chemical, but not genetic, cancer screen-
ings have been included in the screening
guidelines for KTRs (16). Genetic factors
are increasingly recognized to play impor-
tant roles in tumorigenesis. Furthermore,
genetic cancer risk screening of transplant
recipients is potentially reasonable, since
the cost and turnaround time for genetic
testing is rapidly improving (17). For
donor organ screening, current screen-
ing does not include genetic testing for
cancer risk gene mutations. It is unclear
whether the current report of DAM (9)
should prompt a change in the screening
approach. The likelihood of performing
genetic testing on donor organs is remote
at this point, due to the extremely low
prevalence of DAM, the long turnaround
time, the high cost associated with the
genetic tests, and the ever-increasing clini-
cal shortage of donor organs.

Other factors, including organ preserva-
tion techniques, contribute to donor cell
migration to other organs. Longer cold
ischemia time increases the apoptosis
of the renal tubules, and more cells and
cell debris are shed into the bloodstream.
Reducing shedding of donor tissue cells
into circulation will reduce homing of
donor cells to recipient skin, thereby reduc-
ing the possibilities of carcinogenesis (18).

In summary, the increase in long-term
survival for solid organ transplant recipi-
ents and the knowledge of germline muta-
tions and their association with oncogen-
esis brings us to a new clinical decision
point. While the majority of post-trans-
plant malignancies are likely to remain
a de novo malignancy, we may be at the
beginning of a time when we can risk
assess the possibility of DAM development
in a transplant recipient.
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Factor V, tissue factor pathway inhibitor,
and east Texas bleeding disorder

George J. Broze Jr. and Thomas J. Girard
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In a report reading like a fascinating detective story, Vincent and colleagues
crack the mysterious case of east Texas bleeding disorder. They show that
affected individuals have a mutation in exon 13 of the coagulation F5 gene
that causes increased expression of an alternatively spliced transcript,
which encodes a previously unrecognized factor V (FV) isoform they call
FV-short. This FV isoform lacks a large portion of the B domain of FV, which
is normally released upon the proteolytic activation of FV by thrombin and
binds tightly to the coagulation regulator tissue factor pathway inhibitor-a
(TFPIo). This interaction leads to an approximately 10-fold increase in the
level of TFPIa. circulating in plasma and a resultant anticoagulant effect that

produces a hemorrhagic diathesis.

The players: TFPla. and FV
Full-length tissue factor pathway
inhibitor-a (TFPIa) contains an acidic N
terminus followed by three tandem Kunitz-
type protease inhibitory domains and a
basic C terminus. It regulates coagulation
by producing factor Xa-dependent (FXa-
dependent) feedback inhibition of the fac-
tor VIIa/tissue factor complex (FVIIa/TF)
(1), which is responsible for the initiation
of coagulation, and by directly inhibiting
FXa in a process that is enhanced by pro-
tein S (PS) (2, 3). Full-length TFPIa circu-
lates at a low concentration (~0.16 nM) in
plasma, but platelets carry approximately
50% of total blood TFPIa and release it at
sites of injury where they aggregate.

Plasma levels of TFPIa are reduced in
patients with factor V (FV) or PS deficiency
(4, 5). Full-length TFPIo. (MW 42 kDa) cir-
culating in plasma is bound in two high
molecular complexes (MW > 700 kDa) that
require the presence of FV and the basic C
terminus of TFPIa, which is needed for its
interaction with FV (6). These high molec-
ular weight complexes may contain addi-
tional constituents (e.g., PS).

The activated form of FV (FVa) is a
coagulation cofactor that dramatically
accelerates FXa activation of prothrom-
bin to thrombin. FV is a 330-kDa single-
chain protein that circulates in plasma at
a concentration of approximately 20 nM.
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About 20% of the total FV in blood is car-
ried by platelets as fragmented, partially
activated forms (7). FV is activated by
FXa or thrombin through the proteolytic
release of its large, intervening B domain
with the ultimate production of the heavy
(105 kDa) and light (74 kDa) chains of
FVa that associate in a Ca?*-dependent
fashion (Figure 1A).

Elegant studies by Bos and Camire dem-
onstrated that the B domain (aa 710-1545)
serves to maintain FV in an inactive, pro-
cofactor state and that an interaction
between a basic region (BR) (aa 963-1008)
and an acidic region (AR) (aa 1493-1537)
within the B domain are required for this
effect (Figure 1A and ref. 8). Two peptides
within the BR (aa 983-994 and 997-1008)
were shown to be most important for its
presumed binding to the AR (Figure 1B).
Deletion of either the basic or acidic por-
tions of the B domain produces derivatives
of FV with cofactor activity.

The plot

In 2001, Kuang et al. described a large
Texas kindred with a moderately severe
bleeding disorder that was characterized
by bruising, epistaxis, menorrhagia, and
hemorrhage following trauma or surgery
that frequently required blood transfu-
sion (9). The prothrombin time (PT) and
the activated partial thromboplastin time
(aPTT) were both prolonged, suggesting
an abnormality in the “common” coagula-
tion pathway that consists of FX, FV, pro-
thrombin, and fibrinogen. Assays of all the
coagulation factors, however, produced
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normal results. Autosomal dominant
inheritance and a mild inhibitor pattern
in coagulation studies in which patient
plasma is mixed with normal plasma sug-
gested a gain-of-function mutation that
limited coagulation.

One possible explanation of these results
was enhanced inactivation of FXa and
thrombin by a hyperactive form of the
coagulation inhibitor antithrombin. Ini-
tial linkage analysis using an intragenic
microsatellite marker showed that the dis-
order indeed mapped to a locus near the
antithrombin gene. Sequencing of the anti-
thrombin gene, however, failed to identify
a mutation. More defined linkage studies
narrowed the involved locus to a 1.5-Mb
region (1q24) that was centromeric to the
antithrombin gene and contained the gene
for FV (F5) (9). Subsequent sequencing of
the F5 gene in an affected individual identi-
fied a novel A2440G nucleotide alteration
in exon 13 that segregated with the disease
and produced a S756G substitution in the
B domain of FV. Since the B domain of FV
is not required for FV activity and FV clot-
ting activity in affected family members
was normal, the alteration was felt to rep-
resent a private polymorphism within the
family and unlikely to be associated with
the bleeding disorder. Thus, east Texas
bleeding disorder remained unexplained.

More detective work

To determine whether the A2440G altera-
tion in the FV genome detected by Kuang et
al. produced an effect on the level or size of
the FV protein, Vincent and colleagues (10)
analyzed the plasma of family members by
Western blotting. They identified a unique
250-kDa band that was prominent in the
plasma of affected and barely detectable in
the plasma of unaffected family members
and confirmed by mass spectrometry that
it represented a form of FV. A subsequent
search for potential mRNA splicing abnor-
malities using RT-PCR and mRNA from
family members’ white blood cells detected
the expected FS transcript (~2950 bp) and
a shorter transcript (~840 bp, encoding
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