toxics MBPY

Editorial
Cadmium Sources and Toxicity

Soisungwan Satarug

Kidney Disease Research Collaborative, Faculty of Medicine and Translational Research Institute, The University
of Queensland, 37 Kent Street, Woolloongabba, Brisbane 4102, Australia; sj.satarug@yahoo.com.au

check for
Received: 2 May 2019; Accepted: 4 May 2019; Published: 6 May 2019 updates

This special issue of Toxics, Cadmium (Cd) sources and toxicity, consists of one comprehensive
review [1], three epidemiologic investigations [2—4] and five laboratory-based investigations [5-9].

A review article highlights environmental exposure to Cd and its association with chronic kidney
disease (CKD) together with data from total diet studies (TDS) in which Cd was found to be present
in virtually all foodstuffs [1]. Consequently, foods that are frequently consumed in large quantities
such as rice, potatoes, wheat, leafy salad vegetables and other cereal crops are the most significant
dietary Cd source [1]. Cd levels found in human livers and kidneys are provided together with current
standards for tolerable intake, the urinary threshold of Cd and the utility of urinary Cd excretion as a
measure of body burden of Cd.

In a cross sectional study of 395 Thai subjects [2], an inverse association was observed between
urinary excretion of (-microglobulin (3;MG) and estimated glomerular filtration rate (eGFR)
simultaneously with an increase in the prevalence odds of low GFR (eGFR < 60 mL/min/1.73 m?) in
subjects with an elevation of ;MG excretion, indicative of tubular dysfunction. Thus, a sign of Cd
toxicity (tubular dysfunction) was linked to GFR reduction, and an increased risk of CKD, defined as
eGFR < 60 mL/min/1.73 m?. These findings suggest that tubular pathology may have caused nephron
atrophy and GFR loss [10].

In a 26-year follow-up study of 7348 residents of the Jinzu River basin in Toyama, a highly polluted
area of Japan [3], a 1.49-fold increase in deaths from cancer was observed in women who showed,
26 years earlier, signs of Cd-related kidney pathologies, such as proteinuria and glycosuria. The specific
cancer types were uterus, kidney, kidney plus urinary tract. Paradoxically, in men, the risk of lung
cancer and the risk of dying from malignant disease were reduced.

In a Chinse cohort study of 429 women, moderate and high environmental Cd exposure levels
were associated with an early menarche [4]. Levels of environmental exposure as low, moderate or high
were based on rice Cd concentration of 0.07, 0.51 and 3.7 mg/kg, respectively. The age of menopause in
three areas did not differ. However, there were 1.3-and 3.7-fold increases in the likelihood of having
menarche at age below 13 years in respectively moderate- and high-Cd exposure areas, compared
with a low-exposure area. This Chinese finding is consistent with an early onset of puberty seen in
Cd-treated female rats [11], thereby suggesting Cd has estrogenic activity.

Effects of inhaled Cd on developing kidneys were examined in Wistar rats [5]. In this study, Cd
was administered to pregnant rats from gestation day 8 to day 20 via inhalation of CdCl, aerosol
(17.43 mg/m?) for 2 hours per day. This procedure delivered a dose of 1.48 mg Cd?*/kg/day. Pregnant
rats inhaled normal saline aerosol served as controls. Kidneys from fetuses at gestation day 21
were examined for DNA binding activity of the transcription factor, hypoxia-inducible factor 1
(HIF-1). HIF-1 plays a critical role in the regulation of oxygen consumption, cell survival, growth
and development. HIF-1 from kidneys of fetuses of Cd-intoxicated dams showed impairment in
DNA-binding activity concomitant with reduced transcript levels for vascular endothelial growth
factor (VEGF), one of the HIF-1 regulated genes. However, a compensatory mechanism was apparent
as the VEGF protein abundance remained unchanged. These findings suggest potential effects of
inhaled Cd on developing kidneys.
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Effects of Cd on mature kidneys were examined in male Sprague-Dawley rats [6]. Kidney
injury, reflected respectively by 2.2-, 21.7-, and 6.1-fold increases in urinary protein, KIM-1 and 3,MG
levels were induced after subcutaneous injections of CdCl, (0.6 mg/kg) 5 days a week for 12 weeks.
Accompanied these urinary indictors of kidney effects were altered expression levels of microRNA
(miRNA) in kidney cortex; levels of 44 miRNAs were increased, while levels of another 54 miRNAs
were decreased. Thus kidney injury by Cd occurred concurrently with dysregulated miRNA expression
in the rat renal cortex. These findings implicated miRNA as mediators of Cd-induced kidney injury.

Effects of Cd on periodontal bone were investigated in male Sprague-Dawley rats, given daily
subcutaneous injections of Cd (0.6 mg/kg/day) 5 days a week for 12 weeks [7]. The distance between the
cementoenamel junction and the alveolar bone crest was greater in Cd-intoxicated rats than controls.
This was taken as evidence for Cd as a possible contributing factor to periodontal disease, thereby
explaining an association between elevated body content of Cd and an increased risk of periodontal
disease seen in the representative U.S. population.

Effects of Cd on mitochondria were examined in the INS-1 human pancreatic 3-cell line [8].
Cd concentration ten-fold below the level causing cell death produced no effects on mitochondrial
function, assessed with the energy charge and the synthesis of adenosine triphosphate (ATP). This Cd
concentration, however, caused mitochondrial morphological change toward circularity, indicative of
fission. The increased circularity suggested mitochondrial adaptive response to low-level Cd. If cellular
Cd influx continues, impairment of this organelle may contribute to cellular dysfunction and decreased
viability of 3-cells, as seen in diabetes.

Therapeutic actions of the anti-diabetic drug, metformin were examined in male Wistar rats given
Cd in drinking water (32.5 ppm) alone or Cd plus metformin (200 mg/kg/day) [9]. Cd treatment was
found to cause hyperinsulinemia, insulin resistance, adipocyte dysfunction, loss of hepatic insulin
sensitivity. Progressive accumulation of triglycerides was also seen in various tissues, while glycogen
deposits were diminished in liver, heart, and renal cortex, but was increased in the muscle. Metformin
showed a limited therapeutic efficiency on glucose tolerance and lipid accumulation that were induced
by Cd.

In summary, this collection of research articles provides an update of knowledge on adverse
effects of environmental Cd exposure, such as increased mortality from cancer, especially in women [3],
an early menarche onset [4] and an increased risk of chronic kidney disease [2]. Potential effects of
inhaled Cd on the development of kidneys in fetuses were evident in a study using pregnant Wistar
rats [5]. Work with Sprague-Dawley rats suggested that dysregulation of a range of miRNAs mediated
renal Cd toxicity [6] and that Cd contributed to periodontal disease [7]. An early effect of low-dose
Cd on mitochondria in human pancreatic (3-cells was observed [8]. However, therapeutic efficiency
of metformin was not demonstrable when the drug was given to the Wistar rats with Cd-induced
metabolic derangements [9].

References

Satarug, S. Dietary cadmium intake and its effects on kidneys. Toxics 2018, 6, 15. [CrossRef] [PubMed]
Satarug, S.; Ruangyuttikarn, W.; Nishijo, M.; Ruiz, P. Urinary cadmium threshold to prevent kidney disease
development. Toxics 2018, 6, 26. [CrossRef] [PubMed]

3. Nishijo, M.; Nakagawa, H.; Suwazono, Y.; Nogawa, K.; Sakurai, M.; Ishizaki, M.; Kido, T. Cancer mortality
in residents of the cadmium-polluted Jinzu River Basin in Toyama, Japan. Toxics 2018, 6, 23. [CrossRef]
[PubMed]

4. Chen, X;; Zhu, G;; Jin, T. Effects of cadmium exposure on age of menarche and menopause. Toxics 2017, 6, 6.
[CrossRef] [PubMed]

5. Jacobo-Estrada, T.; Cardenas-Gonzalez, M.; Santoyo-Sanchez, M.P,; Thevenod, F.; Barbier, O. Intrauterine
exposure to cadmium reduces HIF-1 DNA-binding ability in rat fetal kidneys. Toxics 2018, 6, 53. [CrossRef]
[PubMed]


http://dx.doi.org/10.3390/toxics6010015
http://www.ncbi.nlm.nih.gov/pubmed/29534455
http://dx.doi.org/10.3390/toxics6020026
http://www.ncbi.nlm.nih.gov/pubmed/29723981
http://dx.doi.org/10.3390/toxics6020023
http://www.ncbi.nlm.nih.gov/pubmed/29642374
http://dx.doi.org/10.3390/toxics6010006
http://www.ncbi.nlm.nih.gov/pubmed/29280952
http://dx.doi.org/10.3390/toxics6030053
http://www.ncbi.nlm.nih.gov/pubmed/30177602

Toxics 2019, 7, 25 30f3

10.

11.

Fay, M.J.; Alt, L.A.C; Ryba, D.; Salamah, R.; Peach, R.; Papaeliou, A.; Zawadzka, S.; Weiss, A.; Patel, N.;
Rahman, A.; et al. Cadmium nephrotoxicity is associated with altered microRNA expression in the rat renal
cortex. Toxics 2018, 6, 16. [CrossRef] [PubMed]

Browar, A.W.; Koufos, E.B.; Wei, Y.; Leavitt, L.L.; Prozialeck, W.C.; Edwards, ].R. Cadmium exposure disrupts
periodontal bone in experimental animals: Implications for periodontal disease in humans. Toxics 2018, 6, 32.
[CrossRef] [PubMed]

Jacquet, A.; Cottet-Rousselle, C.; Arnaud, J.; Julien Saint Amand, K.; Ben Messaoud, R.; Lénon, M.;
Demeilliers, C.; Moulis, ]. M. Mitochondrial morphology and function of the pancreatic 3-cells INS-1 model
upon chronic exposure to sub-lethal cadmium doses. Toxics 2018, 6, 20. [CrossRef] [PubMed]
Sarmiento-Ortega, V.E.; Brambila, E.; Flores-Hernandez, J.A.; Diaz, A.; Pefia-Rosas, U.; Moroni-Gonzélez, D.;
Aburto-Luna, V.; Trevifio, S. The NOAEL Metformin dose is ineffective against metabolic disruption induced
by chronic cadmium exposure in Wistar rats. Toxics 2018, 6, 55. [CrossRef] [PubMed]

Schnaper, H.W. The tubulointerstitial pathophysiology of progressive kidney disease. Adv. Chron. Kidney Dis.
2017, 24, 107-116. [CrossRef] [PubMed]

Johnson, M.D.; Kenney, N.; Stoica, A.; Hilakivi-Clarke, L.; Singh, B.; Chepko, G.; Clarke, R.; Sholler, P.E;
Lirio, A.A ; Foss, C.; et al. Cadmium mimics the in vivo effects of estrogen in the uterus and mammary gland.
Nat. Med. 2003, 9, 1081-1084. [CrossRef]

® © 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/toxics6010016
http://www.ncbi.nlm.nih.gov/pubmed/29543730
http://dx.doi.org/10.3390/toxics6020032
http://www.ncbi.nlm.nih.gov/pubmed/29899258
http://dx.doi.org/10.3390/toxics6020020
http://www.ncbi.nlm.nih.gov/pubmed/29565305
http://dx.doi.org/10.3390/toxics6030055
http://www.ncbi.nlm.nih.gov/pubmed/30201894
http://dx.doi.org/10.1053/j.ackd.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/28284376
http://dx.doi.org/10.1038/nm902
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

