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ABSTRACT

Some reports suggest that autologous hematopoietic stem cell transplantation holds potential for
treatment of renal diseases such as lupus nephritis, but the safety of delivering various stem cell types
(hematopoietic, mesenchymal, and endothelial precursors) is not well established. Here, we report a case
of lupus nephritis treated by direct renal injection of autologous stem cells recovered from peripheral
blood. The patient developed masses at the sites of injection and hematuria. We suspected transitional
cell carcinoma but nephrectomy revealed that the masses were angiomyeloproliferative lesions. We
believe that this previously undescribed pathologic entity is stem cell-derived or —induced. The biologic
potential, including the neoplastic potential, of this lesion is unknown. This case illustrates that the
development of angiomyeloproliferative lesions is a possible complication of stem cell therapy.
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To date, stem cell transplantation has seen only lim-
ited application for treatment of chronic renal dis-
ease in humans, whereas results from animal mod-
els have provided optimism for possible application
to patients.>!32! Autologous hematopoietic stem
cell (HSC) transplantation has been used to treat
lupus nephritis.>®10 The rationale in this situation is
not to reconstitute the kidney with new cells that effect
repair but rather to “reset” the immune system by re-
placing autoreactive lymphocytes with populations
from precursor cells that are not autoreactive.!® Most
protocols use peripheral blood with stem cell mobili-
zation and CD34 ™" cell selection; the cells are then ad-
ministered systemically. Complete remission of renal
disease has been reported, but about one third of pa-
tients relapse or progress.>10

We present the unusual case of a 46-year-old fe-
male patient who had suffered from systemic lupus
erythematosus for over 20 years with diffuse prolifer-
ative lupus nephritis diagnosed by biopsy in 2000. At
that time, ultrasound of the kidneys was normal. De-
spite treatment with cyclophosphamide and pred-
nisolone, the patient progressed to end-stage renal
disease. In 2006, she elected to undergo stem cell ther-
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apy for treatment of renal disease at a private clinic.
For this treatment, autologous HSCs were mobilized
by G-CSF and collected from peripheral blood. The
stem cell preparation was later injected percutane-
ously into the regions of both kidneys via multiple
blind passes during a single procedure. Additional de-
tails of this treatment are not available. There was no
improvement in renal function and the patient began
hemodialysis 3 months after stem cell therapy. Six
months after therapy, the patient presented with left
flank pain and hematuria. Ultrasound and magnetic
resonance imaging studies showed a 4.0-cm enhanc-
ing mass in the left renal pelvis, with smaller lesions in
the left kidney, the liver, and right adrenal gland. A
chest x-ray was negative. A magnetic resonance image
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of the brain showed diffuse cerebral atrophy but no mass lesions.
The clinical impression was urothelial cell carcinoma with meta-
static spread to the right adrenal and liver. The patient underwent
a left nephrectomy 11 months after stem cell therapy. The patient
continued on hemodialysis over the next year but gradually dete-
riorated and died of sepsis after infection of the arteriovenous
shunt. Erythropoietin had been started before 2006 and was con-
tinued up to the time of the patient’s demise, but hemoglobin
always remained at pre-erythropoetin levels in the range 0f 9.3 to
11.5 g/dl (normal 12 to 16). Complete blood count results from
the time of diagnosis of lupus nephritis up to the time of the
patient’s death showed normal leukocyte counts and differential
and normal platelet count, with no evidence of immature forms
on peripheral smears. No bone marrow biopsy was performed.
The resected left kidney weighed 200 g and the renal pelvis and
calyces were dilated. There was a well-circumscribed mass in the
renal pelvis, involving adipose tissue and impinging on the pelvi-
calyceal system (Figure 1). The mass measured 3.5 cm with a red-
brown spongy cut surface. In addition, three similar lesions mea-
suring up to 5 mm were found in the renal parenchyma, one in the
cortex and two in the medulla. Elsewhere, the renal parenchyma
showed a granular appearance with areas of scarring and by light
microscopy the kidney showed end-stage damage with diffuse
glomerulosclerosis but no active lupus nephritis. The red solid
lesions consisted of a proliferation of vascular channels separated
by varying amounts of loose fibrous connective tissue (Figure 2).
The channels were lined by a single layer of endothelial cells that
lacked atypia and mitotic activity. Focal areas of necrosis and re-
cent hemorrhage were noted. By immunohistochemistry (Figure
3), the endothelial cells expressed the endothelial markers CD31
and CD34, but not D2-40 (a lymphatic marker). Both VEGF re-

ceptor 1 (Flt-1) and VEGF receptor 2 (Flk-1) were diffusely ex-
pressed. No cycling of endothelial cells was detected by MIB1
(Ki67) expression. Within the vascular channels, there was a strik-
ing number of hematopoietic precursor cells predominantly from
the megakaryocytic and erythroid lineages (Figure 4). Intimately
mixed with these cells was a population of macrophages. Macro-
phages were also noted in the fibrous connective tissue of the
lesion. The hematopoietic cells did not appear cytologically atyp-
ical but mitotic activity was apparent and virtually 100% of these
cells were cycling as determined by MIB1 (Ki67) expression. By
immunohistochemistry, the intravascular cells expressed CD15
(focal in myeloid cells), CD117 (focal in myeloid cells), and CD61
(megakaryocytes), CD44 (all), CD68 (macrophages), and Flkl1
(focal in myeloid cells); Flt1 staining was negative.

Thus, the lesions in this patient showed both angioprolif-
erative and myeloproliferative components, with an appear-
ance not typical of any tumor or reactive condition. Given that
there are multiple lesions in the left kidney and this patient
received multiple injections of stem cells into this area, the
logical conclusion is that these lesions are stem cell-derived or
stem cell-induced. Because the exact number of injections is
not known other than “multiple,” the number of lesions in the
left kidney may or may not have exceeded the number of in-
jections. We cannot rule out that one or more of the smaller
lesions could have spread from the main lesion. Although the
lesions in the liver and right adrenal were never biopsied, we
postulate that these are the same as those in the left kidney. All
injections were given blindly and the liver and right adrenal
may have been injected instead of the right kidney, particularly
because no lesions were detected in the right kidney.

Autologous HSCs have been used in bone marrow trans-

Figure 1. Macroscopic appearance of resected kidney. A solid hemorrhagic mass is present in the renal sinus, external to which is
atrophic renal parenchyma. In addition, three similar smaller lesions are present (arrows), separate from the main lesion.
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Figure 2. Microscopic appearance of lesion. (A) The lesion is composed of numerous vascular channels, containing red cells and
mixtures of hematopoietic cells. (B) The vascular component of the lesion consists of channels of varying caliber lined by benign-
appearing endothelial cells. (C) and (D) The hematopoietic cells are mainly erythroid precursors with a smaller number of myeloid and
megakaryocytic precursors mixed with numerous macrophages (larger foamy cells). (Hematoxylin and eosin; magnification: X200 in A;

X600 in B through D.)

Figure 3. Immunohistochemical profile of endothelial cells. Endothelial cells express (A) CD31, (B) VEGF receptor 1/Flt-1, and (C) VEGF
receptor 2/Flk-1. (Immunoperoxidase; magnification: X600 in A through C.)

Figure 4. Immunohistochemical panel of hematopoietic cells. (A) There is widespread expression of CD44, marking the erythroid
precursors but not megakaryocytic cells. (B) Virtually 100% of hematopoietic cells were cycling as demonstrated by MIB1 expression,
whereas endothelial cells were not cycling. (C) CDé8 staining highlights the large number of macrophages present both in vascular
channels and in the intervening stroma. (Immunoperoxidase; magnification: X600 in A and B; X200 in C.)
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plant patients and occasionally in lupus patients, but never
have lesions occurred after therapy as were seen in this patient.
We believe this may be related to the route of administration
because the multiple masses almost surely correspond to the
sites of injection of cells, whereas the usual approach for lupus
treatment would be to inject the stem cells systemically. In this
particular case, the patient derived no benefit from this ther-
apy; there was no improvement in renal function and there was
no improvement in renal histology; nephrons adjacent to the
lesions remained atrophic.

Although the histology of these lesions appears to be be-
nign, it is unknown if these are truly neoplastic or localized
proliferations of normal stem cells. If they are stem cell-de-
rived or —induced, the proliferative and recurrence potentials
are unknown and the classic concepts of benign and malignant
may therefore not apply. Although the lesions contained pre-
cursor hematopoietic cells, no changes were noted on any pe-
ripheral blood smears with respect to absolute cell counts or
the presence of immature forms. Thus, it would appear these
cells were not entering the circulation in detectable numbers.
Continued follow-up would be critical to establish the natural
course of such lesions. Unfortunately, the patient died and no
autopsy was performed to determine if such lesions persisted
or had spread to noninjected sites.

One possibility is that these lesions are foci of extramedul-
lary hematopoiesis (EMH). We believe this is unlikely for two
reasons. First, the rare reports of EMH in the kidney (reviewed
in®) have occurred in the setting of myelofibrosis or severe
marrow impairment, for which there was no evidence in our
patient. Second, each lesion was diffusely angiomatous,
whereas the myeloproliferative portion was less prominent,
present in about one third of the total vascular area. This is not
the appearance expected for EMH and does not match the
illustrations in previous reports of EMH in the kidney.>

Experimental systems may provide some clues regarding
pathogenesis of these lesions. Direct injection of autologous
HSCs into nonischemic muscle has been used to treat ischemic
limbs.2* Vessel proliferation occurred in the ischemic tissue
and continued for 2 months after injection, implying HSCs can
initiate angiogenesis and the process can be self-sustaining.
However, there was no angiogenesis at the site of injection,
suggesting that ischemia was necessary for endothelial cell pro-
liferation. Although it is possible that in our patient the kidney
tissue was relatively ischemic due to end-stage damage, other
lesions developed outside of the kidney, indicating organ isch-
emia was not necessary. Angiogenic lesions have also occurred
in experiments that have used transient VEGF gene expression
to increase the vascular supply to ischemic myocardium and
ischemic limbs.17:18:22.23.25 Ectopic angiogenesis in the liver,
spleen, and lung and excessive angiogenesis at the injection site
has been noted.?> There is also a report of a spider angioma
appearing on the skin of a patient treated by intra-arterial de-
livery of a VEGF-expressing plasmid for an ischemic leg.” The
angioma resolved by 8 weeks, by which time expression of
VEGF had ceased. These lesions, however, do not match the
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pathology seen in our case. However, a good match is seen in
lesions that follow constitutive expression of VEGF. Myoblasts
constitutively expressing VEGF implanted into ischemic
mouse skeletal muscle!>!” and mouse myocardium?® resulted
in hemangioma formation at the implantation site within 15
days. Similarly, a capsule containing these mouse myoblasts
implanted subcutaneously or intraperitoneally resulted in a
tissue mass of dilated capillaries and solid areas of endothelial
cells, infiltrated by myeloid cells and macrophages attributed
to the fact that these cells express VEGF receptors.!6-3

The lesions in our patient showed these same histologic
features. However, because our patient received no VEGF ther-
apy, it must be possible for stem cells from peripheral blood to
give rise to such lesions if injected directly. It is reasonable to
expect large numbers of hematopoietic cells in the lesions be-
cause the injected cells would include mainly HSCs. Macro-
phages could be derived from these same cells or could be
recruited to the lesion. The basis of the angioproliferative com-
ponent is less clear but one possible source could be endothe-
lial progenitor cells (EPCs).! EPCs facilitate angiogenesis by
activating mature endothelial cells.'4212° EPCs express CD34
(as do HSCs) and can be isolated from bone marrow and pe-
ripheral blood?' and thus could have been injected into our
patient after enrichment for CD34 " cells. In the angioprolif-
erative lesions that followed constitutive VEGF expression,
VEGF had recruited HSCs and EPCs from the marrow to sites
of angiogenesis.?*>° VEGF-induced recruitment would not be
necessary in our patient because direct injection of stem cells
would eliminate the need for HSCs and EPCs to travel. Never-
theless, if the animal models of constitutive VEGF expression
are predictive, then sustained levels of VEGF would be needed
for these lesions to continue to develop. Macrophages are a
source of VEGF? and macrophages are also recruited by
VEGE.'>!7 Because macrophages were plentiful in the patient’s
lesions, they theoretically could be a source for locally in-
creased VEGF, but this remains speculative.

The histologic appearance of the lesions is also reminiscent
of the blood lakes in the human yolk sac, a site of early hema-
topoiesis in the embryo.!>19:20 In the yolk sac, vascular endo-
thelial cells, or a precursor of them, are able to differentiate into
myeloid cells.#!11927:28 This might account for the combined
angioproliferative and myeloproliferative features of the le-
sions observed in our patient. However, these lesions are not
completely explained as a recapitulation of blood lakes. First,
the histology is not identical in that myeloid cells in blood lakes
are attached to the endothelium in clumps,'>19-20 whereas this
was not observed in our patient’s lesions. Second, the myeloid
cells in blood lakes are CD34"CD45™ as are the endothelial
cells (in keeping with a common precursor),'®2° whereas the
myeloid cells in the renal lesions were CD34~CD45%, indicat-
ing a more mature phenotype. Finally, the majority of cells
injected into our patient were HSCs and there is no evidence
that HSCs can differentiate into vasculogenic cells or dediffer-
entiate into the multipotential precursor cells present in the
yolk sac.

J Am Soc Nephrol 21: eee —eee , 2010



In conclusion, results from animal models studying various

organs including kidney have concluded that therapy using
HSCs and other stem cells is safe, with clinical trials planned to
expand this type of treatment for human disease. Our case
shows that it is possible for a proliferative lesion of unknown
biologic potential to occur after HSC therapy, sounding a note
of caution for those embarking on such therapy before the
causative mechanisms are elucidated.
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