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The objective of the current experiment was to investigate the influence 

of Cu dose on the relative abundance of Cu trafficking genes in cultured 

bovine hepatocytes. A liver sample was obtained immediately post-

mortem from one healthy Angus steer. Hepatocytes were isolated, 

counted, and seeded at equal density into 15 separate wells, and 

incubated for 1 hour in culture media containing: 0.0, 0.10, 1.0, 10.0, or 

100 mg Cu/L (3 replicates per Cu dose). Following incubation, cells were 

collected, and total RNA was isolated.  Quantitative RT-PCR was used 

to determine the abundance of transcripts for proteins involved in Cu 

homeostasis. The identified targets were: ALDH2, APOA1, ATOX1, 

ATP7A, ATP7B, BHMT, BLVRB, CA2, CCS, COX17, CTR1, ELN, 

GAPDH, GLUD1, GSS, LOXL1, PDIA3, SOD1, SOD3. β-Actin (ACTB) 

served as the endogenous control.  Significant linear responses existed 

for ALDH2 (P < 0.001), ATOX1 (P < 0.01), PDIA3 (P < 0.05). As Cu dose 

increased, the relative abundance of ALDH2 increased, and ATOX1 and 

PDIA3 decreased. Significant quadratic responses existed for ATP7B (P 

< 0.001), COX17 (P < 0.05), and SOD1 (P < 0.05). The relative 

abundance of COX17 was lesser at 0.1 and 1.0 mg Cu/L when 

compared to 0.0, 10, and 100 mg Cu/L. Transcript abundance for ATP7B 

and SOD1 was lower at 0, 1, and 100 mg Cu/L when compared to 0.1 

and 10 mg Cu/L. These data indicate that certain transcripts are 

differentially expressed in cultured bovine hepatocytes in response to 

increasing Cu dose.

• Figure 1 shows the expression of Cu homeostatic genes in vitro

relative to their abundance in an in vivo liver sample. RNA 

extracted from cultured hepatocytes is much lower but still 

detectable after 2hrs in culture. 

• Figure 2 shows a Cu dose response across treatments on cell 

cultured bovine hepatocytes. Fourteen Cu influenced genes 

were selected for this portion of the experiment and have been 

grouped by protein function for the corresponding gene. These 

data suggests that within intracellular transporters, gene 

expression does not follow a dose dependent response. Within 

Cu requiring enzymes, all genes were upregulated by at least 

one Cu dose. Within transmembrane transporters, both genes 

followed similar trends in upregulation of gene expression at 

two Cu doses. 

• Table 1 shows the effects of Cu dose on the change in the 

threshold of Cu homeostatic genes in cultured bovine 

hepatocytes. All fourteen Cu homeostatic genes, ALDH2, 

ATOX1, ATP7A, ATP7B, BHMT, BLVRB, CA2, CCS, COX17, 

CTR1, GLUD1, GSS, PDIA3, and SOD1, were impacted (P < 

0.05) by Cu dose. 

• Future research is scheduled to investigate these genes in liver 

samples from live animals that have been fed different doses of 

Cu.

These data suggest that:

• Cu homeostatic gene expression is altered by the process of 

culturing hepatocytes.

• Cu homeostatic gene transcript abundances are altered in 

response to different Cu concentrations in culture.
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Portion of liver sample 

was placed in RNAlater and 

stored in fridge overnight

and then was cubed 

and stored at -80 °C. 

Liver sample was obtained

from healthy angus steer 

immediately upon slaughter

Total RNA was isolated from 

liver and cell samples 

following a standard TRIzol 

protocol

Quantitative RT-PCR 

was used to measure 

gene expression

Hepatocytes were cultured 

in DMEM with 10% FBS. 

Seeding density was 

450,000 cells per well.

Doses of 0.0, 

0.1, 1.0,10.0, 

and 100.0 mg 

Cu/L were added 

to wells and 

incubated for 

1hr.


