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Results

Methods

Purpose

SAMPLE PROCUREMENT: Kidneys rejected for transplant were 

obtained from the Center for Organ Recovery and Education (CORE) 

through a protocol approved by the University of Pittsburgh 

Committee for Oversight of Research and Clinical Training Involving 

Decedents (CORID). 

SAMPLE PROCESSING: For immunohistochemistry, whole sections 

were paraformaldehyde fixed, sucrose saturated, embedded on OCT 

and cryosectioned onto slides. For cell culture, cortex tissue was 

digested with Collagenase IV and DNAse. Digested slurries were 

sieved through 250um sieves to remove undigested connective 

tissue. The filtrate was then passed over a 180um sieve to purify 

glomeruli from tubule fragments and debris. The 180um retentate 

(GLOM), and filtrate were fractioned for passage zero (P0) frozen 

stocks and culture. 

CELL CULTURE: For propagation and isolation, fractions were 

cultured on rat tail collagen 1 coated culture plates in DMEM/F12 

supplemented with 5% FBS, insulin, selenium, transferrin, penicillin, 

and streptomycin, in a humidified 37 C incubator with 5% CO2. For 

experimentation, primary and HK2 cells were cultured in a hormonally 

defined, serum free media in regular cell culture plates and on 

transwell permeable supports with the same temperature, humidity, 

and CO2 conditions. 

PROXIMAL TUBULE EPITHELIAL CELL (PTEC) and DISTAL 

TUBULE CELL (DTEC) ISOLATION: PTECs and DTECs were 

immunoaffinity-isolated (passage 1-3) with antibodies against the 

proximal tubule specific protein CD13 (Aminopeptidase N) and the 

distal tubule specific protein CD227 (Muc-1) using the Dyanbead 

pan-mouse IgG system per manufacturer instructions. All 

experimentation was performed from cell culture passages 2 to 6. 

CELL CHARACTERIZATION AND IGFBP7 and TIMP2 

EXPRESSION IN VITRO: CD13+ PTECs,CD227+ DTECs, cells from 

the 180um retentate (GLOM) and HK2 cells were characterized by 

immunoblot for expression of  the proximal tubule markers Gamma-

glutamyl transpeptidase (GGT), and Aquaporin 1(AQP1), and for the 

distal tubule marker E-cadherin. IGFBP7 and TIMP2 expression was 

assessed by immunoblot analysis of cell lysate, and secretion was 

assessed by immunoblot analysis of conditioned media.

IMMUNOFLUORESCENCE: In vivo expression of IGFBP7 and 

TIMP2 were compared to markers of proximal and distal tubules as 

well as to the markers of injury KIM-1 and NGAL via double-label 

indirect immunofluorescence of cryosectioned human kidney tissue 

sections. 

DATA ANALYSIS: Immunoblots were quantitated using ImageJ 

software. Antibody signals from media were normalized to lysate 

protein assay. Statistics were performed using GraphPad.

- We have identified differential IGFBP7 and TIMP2 expression and secretion in human kidney tubule 

cells in vitro and in vivo 

- IGFBP7 secretion and brush-border staining associates with proximal tubule cells

- TIMP2 expression associates with distal tubule cells

- IGFBP7 and TIMP2 only partially co-localize in tubules with KIM-1 and NGAL, suggesting potential 

differences in mechanistic and/or temporal regulation between AKI biomarkers and markers of injury

Recently IGFBP7 and TIMP2 were 

identified as early biomarkers for prediction 

of development of AKI in critically ill 

patients, but little is known about any 

potential biological role for either of these 

markers in the disease. Therefore, we 

assayed for the expression and secretion 

of these proteins in human kidney tubule 

epithelial cells in vitro and in vivo, and 

compared their expression to the 

expression of the injury markers KIM-1 and 

NGAL. 
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Figure 1.  Characterization of Immunoaffinity Isolated Primary 

Human Kidney Epithelial Cells of Proximal and Distal Tubule 

Origin. Representative immunoblot characterization panel of lysates 

from isolated human adult kidney (HAK) cells of proximal origin  

(CD13), and distal origin (CD227), compared to cells from glomeruli 

isolated by retention on a 180µm sieve (GLOM), HK2 cells (HK2), and 

human kidney cortex tissue (C). Lysates were assessed for expression 

of the proximal tubule markers Gamma-glutamyl transpeptidase 

(GGT) and Aquaporin-1 (AQP-1) as well as the distal tubule marker E-

cadherin (E-CAD), and GAPDH for protein loading.

Figure 2.  Expression and Secretion of IGFBP7 and TIMP2 in Primary Human Kidney Epithelial Cells of Proximal and Distal Tubule Origin. A) 

Immunoblot analysis of IGFBP7 and TIMP2 expression in lysates from human adult kidney (HAK) primary cells of proximal origin (CD13) and distal origin 

(CD227), compared to cells from glomeruli (GLOM), HK2 cells (HK2), and human kidney cortex tissue (C).  B) Immunoblot analysis of IGFBP7 and TIMP2 

secretion in conditioned media (24hrs) from HAK CD13 and HAK CD227 cells compared to GLOM and HK2 cells, and un-conditioned media (UM). C) 

Secreted IGFBP7 and TIMP2 densitometry values from four genetically separate HAK samples were adjusted to lysate protein concentrations and plotted 

normalized to the CD13 levels for both proteins (n=4).   
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Figure 4. Comparison of IGFBP7 and TIMP2 to KIM-1 and NGAL 

Expression in Human Kidney Cortical Tissue. A) Comparison of 

IGFBP7 staining (green) to KIM-1 and NGAL (red). Long arrows show 

tubules with tubule co-localization of IGFBP7 with KIM-1 or NGAL, short 

arrows show  tubules with KIM-1 or NGAL staining only, and arrowheads 

demonstrate tubules with brush-border staining of IGFBP7 alone. B) 

Comparison of TIMP2 staining to KIM-1 and NGAL. Long arrows show 

tubule co-localization of TIMP2 with KIM-1 or NGAL, short arrows show 

tubules with KIM-1 or NGAL staining only, arrowheads demonstrate 

tubules with cytoplasmic staining of TIMP2 alone.  C) Representative 

negative control  imaged the highest laser power, gain, and offset used for 

all images. Scale Bar = 50µm for all images.

Figure 3. Tubule Specific Expression of IGFBP7 and TIMP2 in Primary 

Human Kidney Cortical Tissue. A) Comparison of IGFBP7 staining 

(green) to the proximal tubule marker CD13 (red). Long arrows show  

tubule co-localization of IGFBP7 brush-border staining with CD13, short 

arrows show  tubules stained with CD13 alone. B) Comparison of IGFBP7 

staining (green) to the distal tubule marker CD227 (red). Short arrows show  

tubules stained with CD227 alone and the arrowheads show tubule staining 

of IGFBP7 alone. C) Comparison of TIMP2 staining (green) to the proximal 

tubule marker CD13 (red).  Short arrows show  a  tubule stained with CD13 

alone, and the arrowheads show tubule staining of TIMP2 alone. D) 

Comparison of TIMP2 staining (green) to the distal tubule marker CD227 

(red).  Long arrows show tubule co-localization of TIMP2 with CD227,  

arrowheads show tubule staining of TIMP2 alone. E) Representative 

negative control imaged at the highest laser power, gain, and offset used 

for all images. Scale Bars = 50µm for all images.
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