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. News | Science Selections

Seeds of Toxicity?

Erythr s and Lead-Associated
Kidney Damage

Environmental lead contamination lingers despire decades of
sharply declining use and releas= of the metal. As a consequence,
kw-level lead exposare remains common. wich an average adule
blood lead level in the peneral 1.5, population of 1-2 pgidL.'*
Lead affects numerous crpan spstems, bat specific mechanisms
af damage are not abways known. The authors of 2 new study in
EHP present a hypochesis 1o explain lead-relared toricity in the
kidney and suppert it with decailed v evve and i viro dat.
Currene evidence suggests that kidney damage can oceur
at bload lead levels as low as 5 pp/dL.? Specific populations,
including people with preexiscing kidney disease, diabetss, ar
hypertension, may be at even preater risk of effects of low-level
lead exposure® Both in wivs and i vire dara highlicht oxidacive

A rrew atudy eaplores the role that sging red blood cels may play in lead.relabed kidney toxicity

& 5 deros Fichurs CompengSdences Soroe

stress as @ facror in lead-associared kidney damage, but it has
been unclear how the stress is penerated.'*

In the current study. the researchers wove chservations from
previous imvestipations into a testable hypothesis. They wok into
account depesition of iron—presumably from iron-rich red blasd
cells ferythrocyresj—in kidneys of individuals wich renal disor
ders. also considered the kidnep's rale in clearing e =
crmgu]:;rci.rtu]nﬂnn as the cells o ald or d.a.n:mgz l-TI'J'I-I'ﬂ

During a process called eryrhrophapocytosis, aging
erythrocyres are emveloped and broken down by ocher cells.
Erythrophagocytosis occurs primarily in cells of the spleen and
liver, but prozimal tbular epithelial cells in the kidoey also
have this capabilits: The signal that an eryrthrocyte nesds o be
removed from circulation comes from a compound callsd phas-
phatidylserine (P5). In a normal. bealthy ecythrocyie, P5 is an
ioternal cellular companent, wich no direct cortact wich the cells
outer snvironment. Aged and damaged red Hood cells begin
ta shift PS to the outer surface. Members of this ressarch team
previously found chat lead exposure was associared wich 2 surge
in PS5 externalization, followsd by enbanced erythrophagocytosis
inthes e

In chis study the ressarchers hypothesized thar lead exposurs
increases the number of FS-tagged erythrocytes, which are then

A4z

& Sacidan Sd-cond'a i HT BL v onal thinerdde b
wavn Rabala it it ipatite dharl erg)! 16,1 eshp 1 50-842

consumed by the proximal tubular epithelial cells in che kidney.
They furcher hypothesized chat iron from the erpehrocytes
accumulates in the kidney cells, where it trigeers che farmarion of
reactive ouygen species, the firse step in cxidative damage.

The ultimate biological cutcoms of toxic exposures is fre-
quently a combination of two factors—individual responses of
muleiple tissues and, subsequently, complex inreractions of alered
tissues—says sudy coauchor Jin-Ho Chung, a professar in the
Collsge of Pharmacy ar Seoul Mational University: “We consid-
ered that lsad-associated nephrotoxicity must be inrerpreted in
the contexe of sysems bialogy, rather than as sale and isalated
damage to the kidney” Chung say=

ung and his colleagues conducted a series of in wirro
experiments with HE-2 cells' and erythrocytes decived from
volunreers' blood samples. They showed dhat, in the absence of
erychrocyres, the viabiline of lead-exposed HE-2 cells was not
sipnificantly different from the viability of unezposed HE-2
cells. A separate experiment demonstrated increazsd PS exter-
nalization in lead-exposed erpthrocyres.
And when lead-exposed erythrocyres
were co-cultured with unsxposed HE-Z
cells, the HE-2 cells not only phapocy-
tized the erythrocyres, but also showed
increased producrion of reactive oxypen
species, diminished viability, and grearer
expression of penes aszaciaesd with kidney
damage.

D

HMext, the in pime Findings were tested
in rars. Samples of blood, spleen, and
kidney rissue were collectsd from rats
exposed to O ar 1,000 ppm lead in drink-
ing water for 12 wesks, then used for bio-
chemical and hiswlogical analyses. These
analyses revealed staristically significanc
changes consistent with kidney damaps. A&
second 12-week experiment included ris-
sue samples from racs thar received 0, 250,
ar 1,000 ppm of lead acetars in drinking
water; thess results also supported che
in witro findings. The i sive resuls also
reflected two rypes of nephrotozicicy seen in epidemiological
studies: proximal cubular nephropathy and incerseicial fibeasis”

William dMecClellan, a professor of medicine at Emory
University in Atlanta who was not involved in the sudy, cautions
agairst immediately extrapolating the findings to human bealth.
He also nores that the findings will need replication. McClelan
says, “I have a feeling that if they come wp with comparable
findings [for confirmation], there will be some strong incersst in
doing some human soudies.”
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Erythrophagocytosis of Lead-Exposed Erythrocytes by Renal Tubular Cells:

Possible Role in Lead-Induced Nephrotoxicity

So-Youn Kwon,!” Ok-Nam Bess <" Ji-¥Yoon Nok.' Keunyoung Kim," Seojin Kang." Young-Jun Shin,2

Kyung-Min Lim,? and Jin-Ho Chung’

1Callege
Pharmiacy, Ewha Womans Univensity, Seoul, Konea
*Thasa authors contribuled squally b this resaanch.

Bacxtmaunm N i amsociated with lead poisoning has been freqaenthy reported in
epidemiolopicl modizy, b the andedying mechanisma have not bezn fally describad
Omjectves: We examined the role of erythrocyies, one of the majoc lead eeservoin, in lead-
anodiaced pephrotoniciny.
Mrraoos ann sesvirs Co-imcobagion of kad-exposed haman erythrocyies witk HE-2 haman
Fﬂwmﬁl&ﬁtﬁrﬂiﬁimrﬂﬂhbﬂhm“ﬂnmﬁgln&ﬂrﬁpm
i lead-andacesl nephrotoniciry. Morphaloasicsl and Sow oy £ i that HK-2
ﬁmwmmﬂmmm;ﬁw
(%) externalizstion on the rocyte membrane amd genertzon of PS-bearing microvesides.
Imcrearsd oxidstave sirem pwwﬂwhlmmm sach av NGAL, wers
obaerved an HE-2 oells andengoing. ey M o TGF-p. & marker ol fibeosis,
was aleo sipnificandy ww:mmmdmwam
indoced nephrotoxiciry in rats exposed io J=ad via drinking water for 12 weeks. We obssreed iron
@nnm;nd:mnhmﬂu&ﬁwlmmrmﬁhuunfhd-ﬂpmufmuﬂulh
alvzratioms such as iabalcimzrsiaial lasoms, fibrosia, and op- regalaion of KIM-1,
‘l'ﬂ.'.L:ndTEF-ﬁL
Comouimons: Oar das strongly saggest that enrhrophapogioes and sabseqeent inm depositsn
im nenal nabatar il coald sipnificanly ssbance nephnotozicny following lad exposure, providing
imaipht oo lzad-asociated Gdney damape.
Crrarron: Kwor 5Y, Bee ON, Nob [Y, Kim K, Kang 5, Shin Y], Lim KM, Chang JH
2015, Erythrophagocytosis of le2ad-expuosed ervthrocyies by renal tobalar cells possible role
in lead-indoced mephrotoxicity. Envieon Heslth Perspect 1230120127 heepcl M dioi.

orgf 10 128 chp 1408094

Introduction

Althcagh envirmmenta] lead comtamination
has declined significantly since the 1970,
lezd exposure is still chserved in children and
indusirial workers; and even in the gmeral
population {Hernberp 2000). The avesape
adgult blood lead level (BLLY & 1-2 ppidl,
and the LI 5. Cenzess for Disease Cnmupl:ﬁ and
Trevention (D) defnes lead poisning as
2 BLL = 10 pidL (05 pM) (CDC 1997
Epidemicdogical and tovicological snafies
hiave reported lesd-induced toiciey in the
mervous, cardiovascubar, and renzl systems
[Apency for Toxic Subszances and Disears
Repisiry (ATSDR 2007). The asociation
betwesn lead exposare and nephrovexiciy
bas been wellesimhlished, even in 2 popula-
tion with BLLs as bow as 5 pgidL {Ekong
et al. 2004). Damage in kidney fenction
ie associzted with albuminuria, reduced
glomerlar filtration rate, and decreased
creatinine nce in bead-=xposed popu-
lagions (Fadrowski et al 2000 Mavas Ade=n
et al. 2009 . Histopathologically, renal
impairment sssociated with lead poisoning
it characterized by proximal tubular
nephropathy, glomerlar sclerosis, and
filerosis in peritshular and imerstitial l=ions
(Cramér et 2l 1974; Diamnad 305 Goyer
198%; Loghman-Adham 19975

120

Oricative mress has been suppested 10 be
the most comvindng medhanism wnderlying
lead-amociated nephmenxicity (Dappest ot al
1938; Wang ez al. 2009 Pro-ozidant and
antinnidant balance. slong with decreased
plutathicne and increased lipid peravidation.
ocoars in the kidney following lead exposure
in animal models fDlEz:itE al. T99E; Lin
et al. 2002h: Pasra ezl 2000; Wang et al,
201065 There have been several attempis
determine how led o= oxidative sres n
the kidney {Smadhiormi et al. 200% Wang et al
2009, 2011), bat the exac mechanismis! has

There is incressing evidente (Madsen
et al. 1982; Mimura & al; 2008: Sheerin
et al. 1999 Trump et al. 192691 that the
kidney may play 3 mbs in the dearance of
erythrocytes. Infiftration of erythrocytes
has besn observed in provimal mbubss and
tubular hemen of mmal biopsies from: parients
with aooe plomensbonephritis and bemansria
[Ty e 2l 1969} a5 well a5 in these from
patients with acute renal Gilure [Mimara
et al. 2008}, Iron deposition in the kidoey
was il foend in patients with vasious remal
diseaswes (Wang et al 2001}, negesting tha
the metention nf imon-rich in the
kidney may play a mie in Empﬂ:hngmm: af

kidney disezses Preaimal mbalar epithelial

wnor 1737 wween 2 [ February 2016 -

of Phammooy, Seoul National Lhnﬂuﬂilgl Seoul, Kores *Collage of Pharmacy, Hanyang University, &nsan, Kores; *Collsge of

cells are capable of phapocytizing and
degrading enhrocyees (Madsen =t al 1982
Shesin et al. 1999), 3 phenomencn known
a5 erythrophapocyzosts. Eryshophapueyiosis,
which is primarily carried out by macmo-
phiapes in the spleen and liver (Knotson
and ‘Wessling-Resnick 2003; Otopawa
et =l 2007], occurs when aged or damapet
erytheocytes are phagocypiized and clered
from systemic circulagion. This process is
mediaeed by externalizad phosphatidy berine
A I:h:T:H.l.r.u.' I'HH'I:IJ:II:.I']:! Eﬁﬁyzi. mal
2007 Mercer end Helenins 2008) and by
PS-bearing microvesicles (MY} [Knuizon
and Wesling-Resnick 2003; Oicgaws ez af
20070, Proximal mbole cell have been
reporied 1o actively phagocrtioe erythrocytas
in renal injury (Madsen & 2. 1982; Sheerin
e al. 1399, but the roricelosical signifi-
u.n.n&ul"lhupmccﬂm'lﬁe:nnhﬂ of heavy

mezal-zssociated renal diseases remnaing
be estzhlishad

Mure than 5 of hleod lead accurms-
laze in erpthmocytes, suppesing thas esythro-
oytes may be 2 major @rpet of sypsemic lead
poisoning {Herndnder-Avila et al. 1994;
Scloaer et al 1996}, ‘We recently demon-
sirated that lead significantly increased 5
eternalimtion in erythrocyres and enhanced
erythrophapooyiosis by macrophages in the
spleen {Jang =t al. 2001 1) Fowder et 2l {1980)
abserved fron deposition in renal prosimal
nshule cells, afonp with lead-assnciased hiso
pathalogical lefions in the kidney, following
administration af Jead via drinking water
rats. I the presens stady we examined the mls
of erythocyies in bead-indured nephroioxiciey
i 20w in @ co-ulhere gystem s well as e pio
in raes. O che basis of silible svidence, we
hvpothesized chat lead-induced 15 externaiz-
ticin in erythrocytas promates erythmphapo-
oytesis by renal mabuhre cells, congributing o
{esd asncuted kidney damage
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