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Abstract

A 36-year-old man with severe acute kidney injury (AKI) was admitted to Shonan
Kamakura General Hospital in Japan. He was diagnosed with refractory hypertension
based on a severely elevated blood pressure of 224/116 mmHg and retinal, cardiac,
and brain damage revealed by electrocardiogram, fundoscopy, and magnetic reso-
nance imaging, respectively. Although hemodialysis was withdrawn following strict
blood pressure control by an angiotensin receptor blocker, severe kidney insuffi-
ciency persisted. Therefore, we performed an autologous granulocyte colony-
stimulating factor-mobilized peripheral blood CD34-positive cell transplantation.
Collected CD34-positive cells were directly infused to both renal arteries. The
patient's general condition was unremarkable after intervention, and the serum creat-
inine level gradually improved to 2.96 mg/dL 23 weeks after cell therapy. Although
transient fever and thrombocytosis were observed after intervention, no major
adverse events were observed. This patient is the first case in a phase I/Il clinical trial
of autologous granulocyte colony-stimulating factor-mobilized peripheral blood
CD34-positive cell transplantation for severe AKI with a CD34-positive cell dose-
escalating protocol (trial number jJRCTb030190231).
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Lessons learned

e This clinical trial made use of autologous granulocyte colony-stimulating factor-mobilized
peripheral blood CD34-positive cells for the treatment of severe acute kidney injury.

e Transplantation of autologous CD34-positive cells into renal arteries was safely performed.

o This cell therapy might have a therapeutic potential as a new strategy for severe acute kidney
injury.
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1 | INTRODUCTION

The high prevalence of acute kidney injury (AKI) and its impact on the
prognosis of critically ill patients is one of the major clinical problems
in the field of critical care nephrology. Although the mortality rate for
severe AKI is high (50% or more) in many countries all over the
world,! there is currently no established treatment to promote kidney
repair in these patients. An effective therapy for AKI is thus urgently
needed.

We recently reported the efficacy of CD34-positive cell-enriched
human peripheral blood mononuclear cell transplantation in an animal
model of ischemia/reperfusion AKI.2 Cell therapy dramatically improved
kidney function and restored peritubular capillary loss due to ischemia.
Other researchers have used other cells as the source of regenerative
therapy, including mesenchymal stem cells derived from bone marrow,’
umbilical cord* and adipose tissue® for AKI treatment. Although the
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FIGURE 1

This article reports a first-in-human case in a phase I/Il clinical trial of autologous granulocyte
colony-stimulating factor-mobilized peripheral blood CD34-positive cell transplantation for
severe acute kidney injury. Cell therapy was safely performed, and the patient showed improve-
ment of kidney function without major adverse events during the observation period.

findings of these basic studies suggested the potential usefulness of
regenerative therapy for AKI, clinical trials have not yet been performed.
Here, we present the first case of granulocyte colony-stimulating
factor (G-CSF)-mobilized autologous CD34-positive cell transplanta-
tion for AKI in which the severe AKI needed to be transiently treated

by hemodialysis.

2 | CASE REPORT

A 36-year-old man was admitted to Shonan Kamakura General Hospi-
tal because of heart failure, lung edema, and a severely elevated blood
pressure (BP) of 224/116 mmHg. Although he had a multiyear history
of hypertension, sufficient BP control was not achieved until admis-
sion. His serum creatinine level was 1.5 mg/dL 10 months before
admission.
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Kidney biopsy findings taken on the 31st hospital day. A, Small arteries clogged with mucinous intimal thickening (arrows),

shrunken glomerulus with wrinkling of the capillary walls, and severe interstitial mononuclear cell infiltration with tubular damage are shown
(Elastica van Gieson stain). B, Nuclei of vascular endothelial cells (ECs) were stained using anti-Ets-related gene (ERG) antibody (clone EP111;
Nichirei, Biosciences Inc., Tokyo, Japan). The paucity of EC nuclei is prominent in an arteriole (arrowhead). Irregular nuclei of varying size are
noted in an adjoining arteriole (arrow). C, Isometric nuclei of ECs form an orderly line in an arteriole in a kidney from a normotensive kidney

donor. Scale bar = 100 pm
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Laboratory tests showed serum creatinine of 7.56 mg/dL, lactate
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transiently increased during the early post-treatment course (Table 1).

The patient was discharged to home 10 days after cell transplantation.
Twenty-three weeks after cell therapy, his serum creatinine level

was 2.96 mg/dL. Blood pressure was well controlled with 60 mg of

nifedipine and 20 mg of olmesartan.

3 | DISCUSSION
Here, we present a case of AKI due to refractory hypertension in
which G-CSF-mobilized autologous CD34-positive cell transplantation
was safely and successfully performed. No major adverse events (AEs)
were observed during the entire treatment course. To the best of our
knowledge, this is the first case of autologous CD34-positive cell
transplantation for human AKI.

CD34-positive cells have angiogenic potential as they have line-
age to vascular endothelial progenitor cells,® but they do not play a
role in tubulogenesis in kidney injury.9 In a parabiosis experiment,
blood-derived hematopoietic cells did not contribute to tubulogenesis
but were instead engrafted in renal interstitial spaces as monocyte/
CD34-positive  cells

Therefore, in consideration of the ischemic

lineage.© also have anti-

|11

macrophage
inflammatory potentia
and inflammatory nature of AKI, CD34-positive cell transplantation
might be considered as a new therapeutic tool for AKI. Indeed, inflam-
matory processes other than ischemia have been proposed as mecha-
nisms of AKI in refractory hypertension.'? Thus, CD34-positive cells
might exert renoprotection through angiogenic and anti-inflammatory
potential but not tubulogenesis. In addition to AKI, several types of
ischemic organ damage, including critical limb ischemia,*® myocardial
ischemia,'* and stroke,'®> have been successfully treated by
CD34-positive cell transplantation. Not all patients would benefit
from cell therapy, however.2® Identifying individuals with a higher
response to cell therapy would be of great interest in future trials.

A mild elevation in the patient's body temperature and transient
thrombocythemia were noted 5 and 14 days after cell therapy,
respectively. We speculated that elevated cytokine levels in the sera
(as shown in Table 1) were suggestive of an association with these
symptoms. The secretion of IL-6, IL-8, tumor necrosis factor-a, hepa-
tocyte growth factor, and many other factors also act as stimulatory
regulators of angiogenesis,'” which appears to be beneficial for the
treatment of ischemia. In fact, CD34-positive cell transplantation-
related fever or thrombocythemia occurs in 45.5% and 36.4% of
patients after transplantation, respectively.'® The elevated cytokine
level in relation to symptoms needs to be clarified further.

Yang et al have recently provided important clinical trial evi-
dence of intrarenal arterial CD34-positive cell transfusion for
patients with chronic kidney disease (CKD) in a randomized con-
trolled study.? Although kidney function had not improved after
CD34-positive cell therapy in patients with CKD by 12 months,
unfavorable clinical outcomes (dialysis and death) at 1 year were sig-
nificantly lower in the cell therapy group compared with the control

group.* In contrast, our patient showed improvement of kidney

function during the observation period. As for the differences
between the pathophysiology of AKI and CKD, inflammatory pro-
cesses other than ischemia from vascular lesion were proposed as
mechanisms of AKI from refractory hypertension,*? whereas multi-
ple factors such as immunological, metabolic, hemodynamic, and sys-
temic interplay other than BP are also involved in CKD progression.
Furthermore, intervention might be initiated at an earlier time of kid-
ney injury in AKI than in CKD.

We found that the estimated glomerular filtration rate after
hemodialysis withdrawal was 0.11 mL/min/1.73 m?/d on average
from day 15 to day 44, and it improved to 0.25 mL/min/1.73 m?/d
after the procedure from day 45 to day 73, suggesting that cell trans-
plantation might have affected the recovery of kidney injury. Because
the precise mechanisms against AKI remain unknown, useful clinical
parameters to evaluate the efficacy of AKI treatment by cell therapy

need to be further clarified.

4 | CONCLUSION

We present the first case of severe AKI treated with G-CSF-mobilized
autologous peripheral blood CD34-positive cell transplantation. No
severe AEs were observed during the first 23 weeks after cell therapy,
and the patient's serum creatinine level continues to improve gradu-
ally. These first-in-human data are of great importance in the field of
cell transplantation for AKI treatment. Because it is a single case
report, this study's major limitations include a lack of generalizability
to all patients with AKI from various etiologies and the impossibility of
establishing a cause-and-effect relationship. Nevertheless, our data
shed new light on a care regimen for AKI when no active therapy to
restore injured kidneys previously existed. The accumulation of clini-
cal and biological data is necessary to establish this cell therapy as a

new therapeutic strategy for the treatment of AKI.
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