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1. Determination of Urine and Plasma Biomarkers 

1.1. Experimental 

After provoking mice to urinate by applying gentle, abdominal pressure over the urinary 
bladder, the urine was collected using a pipette. Subsequently, blood was sampled from the 
retrobulbar vein under isoflurane inhalation anesthesia prior to euthanasia of the mice. Blood 
samples were centrifuged (4 °C, 20 min, 1600 rpm), and the plasma was collected. Both urine and 
plasma samples were stored at −20 °C until analysis.  

After thawing, plasma and urine samples were centrifuged (3,000 rpm, 5 min) and the 
supernatants were used for biomarker measurements as previously reported or according to 
manufacturer’s assay instructions [1,2]. The panel included the determination of blood urea nitrogen 
(BUN), creatinine (CRE) and kidney injury molecule-1 (Kim-1) in the plasma as well as Kim-1, 
neutrophil gelatinase-associated lipocalin (NGAL), N-acetyl-β-D-glucosaminidase (NAG), cystatin 
C, IL-18 and albumin in the urine samples. The results for urinary biomarkers were standardized for 
urinary creatinine and presented as the amount of biomarker per milligram of creatinine (mgCRE). 
Results for blood plasma biomarkers were presented as the amount of biomarker per volume.  

Data are presented as mean ± standard. Statistical analyses were conducted using one-way 
ANOVA with Bonferroni’s multiple comparison post-test (GraphPad Prism, version 5.01). 

1.2. Results and Conclusion 

Mice euthanized at the short-term endpoint of two weeks showed no changes in urinary 
cystatin C levels (131–145 ng/mgCRE) after treatment with low and medium activities of 177Lu-folate 
(10 MBq and 20 MBq, respectively); however, an increased value (181 ng/mgCRE) was observed in 
mice treated with high activity of 177Lu-folate (30 MBq) (Table S1). Increased levels of cystatin C, in 
the absence of changes of other markers of acute kidney injury, have been previously described also 
in rats 24 h after exposure to total body irradiation with x-rays [3], suggesting that cystatin C 
represents a sensitive marker of radiation-induced nephrotoxic damage. Indeed, after tubular injury, 
the urinary levels of cystatin C are known to be increased [4–6]. It is, thus, likely that the increased 
cystatin C level indicates tubular injury, as cystatin C is filtered by the glomerulus and metabolized 
by the proximal tubule cells. The other markers, such as Kim-1, NGAL, NAG and IL-18 have been 
previously reported to rise as a result of acute tubular injury, when analyzed within hours or days 
after therapy, rather than after two weeks as in the present study [7,8]. In our study, the levels of 
Kim-1, NGAL, NAG and IL-18 remained, however, unchanged in all groups of mice. 
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Table S1. Urine biomarkers of acute renal injury in mice treated with 10 MBq, 20 MBq and 30 MBq 
177Lu-folate, respectively, and control mice which received only saline. 

177Lu-folate 
[MBq] 

Endpoint 
Biomarkers levels in urine samples 

Cystatin C 
(ng/mgCRE) 

Kim-1 
(ng/mgCRE) 

NGAL 
(ng/mgCRE) 

NAG 
(nu/mgCRE) 

IL-18 
(pg/mgCRE) 

- 

2 weeks 

140 ± 9.3 1 ± 0.5 126 ± 86.2 16.5 ± 5.8 254 ± 83.2 
10 131 ± 12.5 1.6 ± 0.6 96.3 ± 18.8 16.2 ± 4.0 173 ± 19.9 
20 145 ± 20.0 1.3 ± 0.6 188 ± 69.1 25.2 ± 1.9 217 ± 79.5 
30 181 ± 10.2 * 1.2 ±0.4 105 ± 20.2 22.3 ± 10 250 ± 53.7 
- 

3 months 

174 ± 6.6 1.7 ± 0.4 84.5 ± 34.5 16.7 ± 6.4 197 ± 30.9 
10 135 ± 13.7 1.2 ± 0.3 167 ± 46.1 17.9 ± 6.6 200 ± 25.5 
20 147 ± 16.2 1.4 ± 0.7 130 ± 74.5 18.6 ± 10.3 210 ± 68.1 
30 185 ± 4.5 1.0 ± 0.4 140 ± 23.2 21.5 ± 8.1 199 ± 83.7 

* significantly increased as compared to the control group (p < 0.05) 

Investigation of plasma samples from mice euthanized two weeks after injection of 177Lu-folate 
did not show significant changes in BUN levels in treated animals (29–43 mg/dL) as compared to 
untreated controls (38.2 ± 4.7 mg/dL). The same held true for CRE which was in the same range for 
treated animals (40–43 µmol/L) and untreated controls (42.8 ± 8.4 µmol/L) as well as for Kim-1 levels 
that showed values in the range of 135–143 pg/mL in treated animals versus 132 ± 20.8 pg/mL in 
controls. These results indicate that the plasma biomarkers used in this study cannot be employed 
for prognostication of radiation-induced long-term renal damage. 

2. Histological Investigations 

2.1. Experimental 

Experimental procedure is described in the main manuscript. 

2.2. Results and Conclusion 

Results and conclusion are described in the main manuscript. 

 
Figure S1. Histological findings in HE-stained tissue sections from the kidneys of mice euthanized 
two weeks after injection of (A) saline, (B) 10 MBq 177Lu-folate, (C) 20 MBq 177Lu-folate and (D) 30 
MBq 177Lu-folate. There was no evidence of renal injury regardless of treatment. All images represent 
HE-stained sections of renal cortices and include a high magnification of representative glomeruli 
(black squares) and adjacent tubules (insets are 5x magnified as compared to the images). 
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