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There are few published studies examining cytomorphologic alterations in endothelial cells in human
tissue. One fascinating but largely unexplored endothelial morphologic variant is large multinucleated
variant endothelial cells (MVECs). To our knowledge, there are no published reports of MVECs identified
in the kidney. Here, we present a case series of 4 kidney biopsies from allograft kidneys whose micro-
vasculature contained MVECs. Electron microscopy confirmed the endothelial identity in all cases. A
broad immunohistochemical panel used in 1 case was also confirmatory of an endothelial cell origin. All
cases occurred in the setting of chronic, active, antibody-mediated rejection, and alternative etiologies,
such as viral infections, were excluded. Two patients were positive for concurrent donor-specific anti-
bodies, and 3 of the 4 cases occurred in second kidney allografts. We speculate that MVECs are a rare or
often overlooked finding often confused for megakaryocytes and may be associated with chronic
endothelial cell injury in the setting of chronic antibody-mediated rejection.
© 2022 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION biopsy was performed because of an elevated fraction of
There are few published studies examining endothelial cell
cytomorphologic alterations in humans. One largely un-
explored endothelial cell morphologic variant is large
multinucleated variant endothelial cells (MVECs). Multi-
nucleated variant endothelial cells have been found in the
human aorta, and their number increases with age and the
severity of atherosclerosis; thus, these may represent a
response to a chronic injury, age, or senescence.1,2 To our
knowledge, there are no published reports of MVECs
identified in the kidney or other organ systems. We pre-
sent a case series of allograft kidney biopsies whose
microvasculature contained MVECs concurrent with
chronic, active, antibody-mediated rejection. Data collec-
tion and waiver for informed consent were approved by
the University of California Los Angeles institutional re-
view board (protocol number IRB#20-001734).

CASE REPORTS

Case 1

A 50-year-old woman with a history of end-stage kidney
disease of an uncertain etiology and a prior failed
deceased-donor kidney transplant received a second
deceased-donor kidney transplant, which was complicated
by delayed graft function. The calculated panel-reactive
antibody level was 100%. There was 1 current donor-
specific antibody (DSA) to DPA1*01 MFI 10,939 and 1
historic DSA to A30 MFI 3084. She received antithymocyte
globulin induction and high-dose intravenous immuno-
globulin (IVIG), followed by tacrolimus, mycophenolate
mofetil, and prednisone for maintenance immunosup-
pression. The DSA DPA1*01 MFI 6148 was detected 3 days
after the transplant and was treated with rituximab and
IVIG. One and a half years after the transplant, a kidney
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donor cell-free DNA (Allosure) at 1.1% and persistent DSA
DPA1*01 MFI 4181. She had a stable serum creatinine
level (baseline level, 0.75 mg/dL) and no proteinuria.
Polymerase chain reaction performed for cytomegalovirus
and BK virus yielded negative results.

Light microscopy (Fig 1) demonstrated that the cortex
contained 12 patent glomeruli, moderate glomerulitis
(G23), diffuse severe peritubular capillaritis (ptc 3), and
no interstitial fibrosis or tubular atrophy, arteriosclerosis,
arteriolosclerosis, or endotheliitis. The glomeruli exhibited
many enlarged endothelial cells containing syncytial ag-
gregates of multiple nuclei, which stained positively for
ETS-related gene and cluster of differentiation (CD)31.
Staining for CD68, pan keratin AE1/E3, SRY-box tran-
scription factor 10, CD45, and CD61 yielded negative re-
sults. No MVECs were present in other vessels.
Immunofluorescence studies, including for C4d, yielded
negative results. Electron microscopic studies demon-
strated MVECs and early changes associated with chronic
transplant glomerulopathy (cg1a).

The final diagnosis was that the patient had features
suggestive of C4d-negative, chronic, active antibody-
mediated rejection; was negative for acute T-cell-medi-
ated rejection; and had multinucleated glomerular endo-
thelial cells of uncertain clinical significance. She was
treated with IVIG, with a resultant but persistent decrease
in the DSA level.

Her subsequent course was complicated by a partial
small bowel obstruction, sclerosing peritonitis, and an
acute kidney injury. A second kidney biopsy demonstrated
ongoing antibody-mediated rejection and glomerular
MVECs, which were treated with plasma exchange and
IVIG. Her kidney function recovered to a creatinine level of
0.9 mg/dL, with no DSA.
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Figure 1. In the kidney biopsy findings of case 1, the glomeruli demonstrated segmental, large endothelial cells containing syncytia of
multiple enlarged and mildly hyperchromatic nuclei, determined with light microscopy using (A) periodic acid–Schiff stain and (B)
hematoxylin and eosin stain. Multinucleated endothelial cells were positive for endothelial cell immunohistochemical stains for (B)
ETS-related gene and (C) cluster of differentiation 31. (E and F) (Original magnification, ×400 [A-D]; ×10,000 [E and F]). Electron
microscopy further confirmed the presence of multinucleated endothelial cells lining the glomerular capillary loops. Some glomerular
capillary loops also demonstrated early double contour formation (arrows). The asterisks indicate multinucleated endothelial cells.
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Case 2

A 35-year-old man with a history of end-stage kidney
disease secondary to posterior urethral valves and
obstructive uropathy and a prior, failed, deceased-donor
kidney transplant received a living, unrelated kidney
transplant. The calculated panel-reactive antibody level
was 98%, with no DSA. He received antithymocyte
globulin induction and tacrolimus, mycophenolate
mofetil, and prednisone for maintenance immunosup-
pression. The baseline creatinine level was 1.3 mg/dL.
Eight years after the transplant, he was positive for class II
de novo DSAs (DR53 MFI 1498 and DQA1*03 MFI
20,524) and had an elevated donor cell-free DNA fraction
(Allosure) at 3.2%. A kidney biopsy was performed. The
serum creatinine level was 1.4 mg/dL. Polymerase chain
reaction performed for BK and cytomegalovirus yielded
negative results.

A biopsy (Fig 2) demonstrated that the cortex con-
tained 14 glomeruli (2 globally sclerotic), moderate glo-
merulitis (g2), focal moderate peritubular capillaritis (ptc
2), diffuse interstitial inflammation (i3), and focal mild
tubulitis (ti). The focal glomeruli and peritubular capil-
laries exhibited MVECs. No MVECs were present in other
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vessels. The arterioles exhibited medial nodular hyalinosis.
There was mild arteriosclerosis and no endotheliitis,
interstitial fibrosis, or tubular atrophy. Simian virus 40
staining yielded a negative result. There was diffuse C4d
staining of the peritubular capillaries. There was minimal
granular mesangial staining for immunoglobulin A,
immunoglobulin M, C1q, and kappa and lambda light
chains. Electron microscopy demonstrated chronic trans-
plant glomerulopathy, severe multilayering of the peri-
tubular capillary basement membranes, and MVECs.

The final diagnosis was that the patient had C4d-
positive, chronic, active antibody-mediated rejection;
was borderline for acute T-cell-mediated rejection; had
arteriolar medial hyalinosis, suggestive of chronic calci-
neurin inhibitor toxicity; and had focal multinucleated
glomerular endothelial cells of uncertain clinical signifi-
cance. He received IVIG and solumedrol, with a persistent
DSA to DQA1*03 MFI 14,464 and a creatinine level of 1.4
mg/dL.

Case 3

A 35-year-old man presented 10 months after a second
deceased-donor kidney transplant for end-stage kidney
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Figure 2. The microscopic findings of cases 2 and 3 showed that both (A and B) case 2 and (C and D) case 3 demonstrated
glomeruli with multiple enlarged multinucleated endothelial cells. (B, D, and F) Occasional peritubular capillaries were also lined
with enlarged multinucleated endothelial cells. The images show staining with periodic acid–Schiff stain (Original
magnification, ×400). The arrows point toward multinucleated endothelial cells. (E and F) Electron micrographs from case 4 demon-
strated multinucleated endothelial cells in the glomerular capillary loops and peritubular capillaries. The arrows point toward multinu-
cleated endothelial cells. Double contours of the glomerular capillary loops were also present.
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disease attributed to hypertension. He had been treated for
cytomegalovirus infection with the development of
massive ascites of an unknown etiology without hep-
atosplenomegaly. The serum creatinine level increased
from 1.3 to 1.6 mg/dL.

A kidney biopsy (Fig 2) demonstrated that the cortex
had 8 patent glomeruli, which contained many MVECs
within the glomerular capillary loops and peritubular
capillaries. There was mild congestion of a few peritubular
capillaries because of leukocytes and patchy, mild inter-
stitial edema, without significant interstitial fibrosis,
tubular atrophy, or interstitial inflammation. Immuno-
staining for Epstein-Barr virus, herpes simplex virus 1/2,
human herpesvirus 8, varicella, and measles yielded
negative results. Forty-fifty percent of the peritubular
capillaries demonstrated weak C4d deposition. Electron
microscopy demonstrated MVECs within the glomerular
capillary loops. No viral particles were present.

A subsequent biopsy 12 months after the transplant
demonstrated similar findings, with many MVECs and with
features of chronic, active, antibody-mediated rejection.
Biopsies at 13.5 and 15 months after the transplant
demonstrated a decreased number of MVECs, persistent
features of chronic, active antibody-mediated rejection,
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and progressive cortical scarring. An allograft nephrectomy
was performed 18 months after the transplant, which
showed features of chronic antibody-mediated rejection
and focal cryptococcal granulomatous interstitial nephritis.

Case 4

A 53-year-old woman had received simultaneous pancreas
and kidney transplants for type 1 diabetes 6 years before
presentation. Her immunosuppressive medications
included tacrolimus, prednisolone, and azathioprine.
Donor-specific antibodies were absent. A biopsy was per-
formed because of an elevated serum creatinine level (1.3
mg/dL).

The biopsy demonstrated that the cortex and medulla
contained 8 glomeruli (6 globally sclerotic), mild glo-
merulitis (g1), severe peritubular capillaritis (ptc 3), and
MVECs. There was mild interstitial fibrosis and tubular
atrophy associated with chronic inflammation. Immuno-
fluorescence studies, including for C4d, yielded negative
results. Electron microscopy (Fig 2) demonstrated many
MVECs in the glomerular capillary loops and peritubular
capillaries. The glomerular capillary loops showed
increased luminal leukocytes, possible chronic transplant
glomerulopathy, and segmental podocyte foot process
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effacement. There were no tubuloreticular inclusions or
viral particles.

The final diagnosis was peritubular capillaritis and
glomerulitis, suggestive of antibody-mediated activity;
possible transplant glomerulopathy, determined using
electron microscopy; and alterations in the endothelial
cells, which were difficult to categorize.
DISCUSSION

There are no prior literature reports documenting the
presence of MVECs in kidney microvasculature. Multinu-
cleated variant endothelial cells may be overlooked or
mistakenly interpreted as circulating megakaryocytes. In all
our cases, multinucleated endothelial cells were clearly
visualized using electron microscopy. In case 1, immu-
nohistochemical characterization confirmed the multinu-
cleated cells to be of an endothelial cell origin (positive for
ETS-related gene and CD31) and not of a megakaryocyte
lineage (negative for CD61).

The etiology of MVECs is uncertain. Chronic endothelial
cell injury is a hallmark of chronic, active antibody-
mediated rejection.3 All the MVEC cases demonstrated ul-
trastructural features of chronic antibody-mediated rejec-
tion. We speculate that MVECs represent a manifestation of
chronic endothelial cell injury and cellular senescence
possibly related to chronic antibody-mediated rejection.

Follow-up biopsies were performed in 2 cases. In 1 case
(case 1), a similar number of MVECs was present at the
time of a 1-year follow-up biopsy. Surprisingly, the
number of MVECs in the second case (case 3) decreased,
with progressive, chronic, active antibody-mediated
rejection and allograft failure. The reason for this
decrease is uncertain; the possible explanations include
that the MVECs underwent apoptosis or other cell death
and were replaced, MVECs divided or lost their nuclei, or
MVECs are a focal phenomenon not always sampled.

All the biopsies were performed because of an indication.
In cases 1 and 2, the biopsies were performed because
of elevated serum cell-free DNA levels and DSA, although
the patients had stable kidney function. In cases 3 and 4,
the biopsies were performed because of a modest elevation
in the serum creatinine levels. It should be noted that not
all centers might perform biopsies for such indications.

Multinucleated variant endothelial cells have rarely been
reported in human tissues. The presence of MVECs in the
human aorta is correlated with age and the severity of
atherosclerosis and, thus, may represent a response to a
chronic injury, age, or senescence.1,2 Multinucleated
variant endothelial cells have been demonstrated in the
cerebral microvasculature in patients with possible myco-
plasma infection associated with intraluminal,
mycoplasma-like particles.4 In the lung, multinucleate
endothelial cells have been reported in patients with Nipah
virus infection.5,6 No viral particles or mycoplasma-like
particles were present in our cases, as determined using
electron microscopy. An extensive, negative, viral workup
4

was performed in case 3. A more extensive viral workup
was not performed in the other cases because there was no
clinical concern for a systemic viral infection.

The details regarding the formation and function of
MVECs outside the setting of viral infections are few.
Bovine aortic endothelial cells develop a giant, multinu-
cleated phenotype at a high passage number in a senescent
monolayer culture.7 Multinucleated variant endothelial
cells in culture do not incorporate 3H-thymidine, sug-
gesting that they are a product of cellular fusion rather than
of intracytoplasmic nuclear division.2 Multinucleated
variant endothelial cells also express p53 and B-cell lym-
phoma 2, potentially to prevent apoptosis in the setting of
an injury.8 Simulated diabetes can lead to the formation of
MVECs with altered mitochondrial function in cultured
human coronary artery endothelium.9 Multinucleated
variant endothelial cell functional alterations, including
augmented low-density lipoprotein uptake, have been
observed, hinting at a possible role for MVECs in cardio-
vascular disease.1

Additional studies evaluating larger numbers of biopsies
are needed to further understand this phenomenon. It is
unknown whether this phenomenon occurs without rejec-
tion, in native kidneys, or in other tissue vascular beds.

ARTICLE INFORMATION

Authors’ Full Names and Academic Degrees: Jonathan E.
Zuckerman, MD, PhD, John Brealey, BAppSc, Julie M. Yabu, MD,
and Anthony Chang, MD

Authors’ Affiliations: Department of Pathology and Laboratory
Medicine (JEZ) and Department of Medicine, Division of
Nephrology (JMY), David Geffen School of Medicine at University
of California, Los Angeles, CA; Electron Microscopy Unit, SA
Pathology, Adelaide, Australia (JB); and Department of Pathology,
University of Chicago Medicine, Chicago, IL (AC).

Address for Correspondence: Jonathan E. Zuckerman, MD, PhD,
UCLA Center for Health Sciences, 10833 Le Conte Ave, Los
Angeles, CA 90095. Email: JZuckerman@mednet.ucla.edu

Support: None

Financial Disclosure: The authors declare that they have no
relevant financial interests.

Patient Protections: The authors declare that they obtained
consent from each patient reported in this article for publication of
the information about them that appears within this Case Report
and any associated supplementary material.

Peer Review: Received August 29, 2021. Evaluated by 2 external
peer reviewers, with direct editorial input by an Associate Editor
and the Editor-in-Chief. Accepted in revised form November
21, 2021.
REFERENCES
1. Tokunaga O, Satoh T, Yu S. Multinucleated variant endothelial

cells (MVECs) have a greater capacity for LDL cholesterol
uptake than typical mononuclear endothelial cells (TECs).
J Atheroscler Thromb. 2002;9(1):35-41.

2. Tokunaga O, Fan JL, Watanabe T. Atherosclerosis- and age-
related multinucleated variant endothelial cells in primary
culture from human aorta. Am J Pathol. 1989;135(6):967-
976.
Kidney Med Vol 4 | Iss 3 | March 2022 | 100411

mailto:JZuckerman@mednet.ucla.edu
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref1
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref1
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref1
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref1
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref2
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref2
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref2
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref2


Zuckerman et al
3. Loupy A, Haas M, Roufosse C, et al. The Banff 2019 kidney
meeting report (I): updates on and clarification of criteria for T
cell–and antibody-mediated rejection. Am J Transplant.
2020;20(9):2318-2331.

4. Zu-Rhein GM, Lo SC, Hulette CM, Powers JM. A novel cere-
bral microangiopathy with endothelial cell atypia and multifocal
white matter lesions: a direct mycoplasmal infection?
J Neuropathol Exp Neurol. 2007;66(12):1100-1117.

5. Tomashefski JF. Dail and Hammar’s Pulmonary Pathology:
Volume I: Nonneoplastic Lung Disease. Springer Science &
Business Media; 2009.

6. Negrete OA, Levroney EL, Aguilar HC, et al. EphrinB2 is the
entry receptor for Nipah virus, an emergent deadly para-
myxovirus. Nature. 2005;436(7049):401-405.
Kidney Med Vol 4 | Iss 3 | March 2022 | 100411
7. Nolan CR, Saenz KP, Thomas CA III, Murphy KD. Role of the
eosinophil in chronic vascular rejection of renal allografts. Am J
Kidney Dis. 1995;26(4):634-642.

8. Satoh T, Sasatomi E, Yamasaki F, Ishida H, Wu L, Tokunaga O.
Multinucleated variant endothelial cells (MVECs) of human
aorta: expression of tumor suppressor gene p53 and relation-
ship to atherosclerosis and aging. Endothelium. 1998;6(2):
123-132.

9. De la Herr�an HC, Donis-Maturano L, �Alvarez-Delgado C,
Villarreal F, Moreno-Ulloa A. Formation of multinucleated
variant endothelial cells with altered mitochondrial function in
cultured coronary endothelium under simulated diabetes.
bioRxiv. Published online April 29, 2019. https://doi.org/1
0.1101/622407
5

http://refhub.elsevier.com/S2590-0595(22)00006-1/sref3
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref3
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref3
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref3
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref3
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref4
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref4
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref4
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref4
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref5
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref5
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref5
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref6
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref6
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref6
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref7
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref7
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref7
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref8
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref8
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref8
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref8
http://refhub.elsevier.com/S2590-0595(22)00006-1/sref8
https://doi.org/10.1101/622407
https://doi.org/10.1101/622407

	Large Multinucleated Variant Endothelial Cells in Allograft Kidney Microvasculature: A Biopsy Series
	Introduction
	Case Reports
	Case 1
	Case 2
	Case 3
	Case 4

	Discussion
	References


