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ABSTRACT 
 

Background: Insulin-degrading enzyme (IDE) is a conserved zinc metallopeptidase. Here, we have evaluated the 
effect of passage number and culture time on IDE expression and activity in colorectal adenocarcinoma cell line 
(Caco-2). Methods: Caco-2 cells were cultured with different passage ranges of 5-15, 25-35, 52-63 for 48, 72, and 
120 hours. Subsequently, IDE expression and enzyme activity were assessed by Western blot analysis and 
fluorescent assay, respectively. Results: Our results confirmed that the amount of IDE was higher in cell extract 
compared to supernatant, and different passage numbers and culture times had small effect on IDE expression. 
However, when cells were cultured in the passage number range of 5-15 for 72 hours, the IDE activity was  
35% higher compared to other passage numbers (p < 0.05). Conclusion: The use of Caco-2 cells at passage 
number range of 5-15 and culture time of 72 hours provides proper conditions for IDE-related studies.  
DOI: 10.22034/ibj.22.1.70 
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INTRODUCTION 
 

nsulin-degrading enzyme (IDE) is a highly 

conserved zinc metallopeptidase initially described 

for its ability to degrade insulin, β-amyloid, 

glucagon, amylin, somatostatin, and natriuretic 

peptide
[1]

. Previous studies have linked IDE to the 

etiology of diseases, such as Alzheimer's disease and 

insulin-dependent diabetes mellitus
[2-4]

. Moreover, it 

has been shown that following different stresses on 

normal and malignant cells, the IDE levels will be 

upregulated similar to a heat shock protein
[5]

. 

Therefore, the IDE modulators can be helpful in 

treating diseases such as Alzheimer's disease and 

insulin-dependent diabetes mellitus
[6]

. Thus, 

introducing a suitable in vitro cell source will be very 

important to study IDE and to explore its modulators 

and related drugs. 

Human colorectal adenocarcinoma cells (Caco-2 

cells) have been used in in vitro studies for more than 

30 years
[7]

. It has been reported that IDE in these cells 

is responsible for the majority of insulin clearance
[8-10]

. 

Although IDE has predominant presence in the cytosol, 

it is also found in subcellular compartments
[11,12]

. In in 
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vitro studies, there are inter-laboratories variability 

produced by the cell culture-related factors such as 

passage number, age in culture
[12]

, serum and 

supplements, and the source of the clones
[13,14]

. Cell 

lines with higher passage numbers exhibit alterations in 

cells morphology and functions
[12]

. Similarly, in Caco-

2 cell, some factors such as passage number, 

composition of the medium, and the culturing system 

can affect its proliferation, differentiation, and 

physiological properties
[12-16]

. Since Caco-2 cells are 

being used as the IDE source, in this study, we have 

evaluated the IDE enzyme level and enzyme activity in 

various passage numbers. Caco-2 cells have been used 

in various passage numbers from <25 to ≥100
[17,18]

. A 

recent report has shown that sucrase-isomaltase activity 

is maximized in cells beyond passage 100
[19]

. Overall, 

it is recommended that the cells are used within a 

relatively limited range of passages for which the cells 

properties have been well-characterized
[20]

. 

So far, there is no study to focus on the effect of 

different passage numbers and the age in culture in 

Caco-2 cell lines on IDE quantity or activity. 

Therefore, we tested the IDE level and its activity in 

Caco-2 cell regarding different passage numbers and 

the age in culture. 

 
 

MATERIALS AND METHODS 

 
RPMI 1640 and penicillin-streptomycin were 

provided from Biosera (England). DMEM-F12, FBS, 

Trypsin-EDTA were purchased from PAA 

Laboratories (Austria). Trypan blue (0.4% w/v) and 

MTT were from Sigma (USA). Western blot 

chemiluminescence detection kit (Roche, Germany) 

and polyvinylidene difluoride membrane were obtained 

from Roche Applied Science (Germany). IDE and β-

actin antibodies were procured from Cell Signaling 

Technology (USA), secondary horseradish peroxidase 

(HRP)-conjugated antibody from Bio-Rad (USA), and 

substrate V from R&D systems (Minneapolis, USA). 

All other chemicals were purchased from Merck 

Chemical Co. (Germany). Caco-2 cells were obtained 

from National Cell Bank of Iran (Pasteur Institute of 

Iran, Tehran). 

 
Cell culture 

Caco-2 cells (passage number 3) were grown in 50% 

RPMI 1640, 34% DMEM-F12, 15% FBS, and 1% 

penicillin-streptomycin  in a 25-cm
2
 plastic flask in 

humidified atmosphere of 5% CO2 at 37 °C for 48, 72, 

and 120 hours. Culture medium was changed every 

second day. The cells were trypsinized after reaching 

the 70-80% confluency. For various passages, using a 

standard procedure, the cells were passaged in three 

different ranges (5-15, 25-35, and 52-63).  The passage 

range of 5-15 was selected as the earliest range that 

was used in our experiments, 25-35 was used based on 

previous studies
[14,21]

,
 
and 52-63 was assayed because it 

was known to affect the protein expression, and it was 

the oldest passage available at the time of experiments. 

 

Cell harvest 
Cell extracts and supernatants were collected at 48, 

72, and 120 hours after seeding. Cells extracts were 

harvested by lysing the cells with Triton X-100 (1% in 

Tris-buffered saline [TBS]; 12 h, 4 °C) and subsequent 

centrifugation (11520 g, 10 min, 4 °C). Cell extracts 

and supernatants were transferred to a clean pre-cooled 

tube and stored at -80 °C for further analysis. On the 

day of experiment, the protein content of supernatant 

and cell extracts were determined by the BCA Protein 

Assay Kit (Parstous, Iran). 

 

Expression of insulin-degrading enzyme in Caco-2  
An equal amount of samples (~50 µg) were mixed in 

a loading buffer (62.5 mM Tris HCl, pH 6.8, 50 mM 

dithiothreitol, 10% SDS, 10% glycerol, and 0.25% 

W/V Bromophenol blue), denatured by boiling for 10 

min, subjected to a 10% SDS-PAGE and transferred 

onto PVDF membranes. The membranes were blocked 

using casein 1% in 0.1% Tween20 in TBS (TBST) at 4 

°C for 12 hours and subsequently incubated with rabbit 

polyclonal anti-IDE antibody (1:5000) or  

mouse anti β-actin antibody (1:5000, as an internal 

control) at 4 °C overnight. Blots were then incubated 

by secondary HRP-conjugated antibody (1:5000) at  

room temperature for 1 hour and detected using 

chemiluminescence (Roche, Germany) on photodoc. 

 

Insulin-degrading enzyme activity assessment  

The IDE activity was assessed in triplicate in 100 µl 

reaction, including 1 µM substrate V, 50 µl reaction 

buffer (10 µM ZnCl2, 50 mM NaCl, and 100 mM Tris-

Cl, pH 7.5) and 40 µl (250 µg) of supernatant or cell 

extract. The hydrolysis of substrate V was monitored 

on a Synergy 4 microplate reader (Biotek, USA) with 

excitation and emission wavelengths set at 327 and 395 

nm, respectively. The IDE activity was measured at 15 

min and calculated as relative fluorescent unit (RFU) 

per loaded protein. 

 

Statistical analysis 
The results were expressed as mean ± SEM. of three 

independent experiments. The data were analyzed by 

two-way ANOVA, followed by Bonferroni comparison 

using Graph Pad Prism 5 (San Diego, USA). p < 0.05 

was considered statistically significant. 
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RESULTS 

 

Insulin-degrading enzyme expression in cell extract 

and supernatant of Caco-2 
The level of IDE in Caco-2 was compared using 

Western blot, and the relative band intensity was 

calculated (Fig. 1A and 1B). The mean IDE expression 

was 2.34 ± 0.19 and 1.32 ± 0.43 in cell extract and 

supernatant, respectively. Thus, the expression of IDE 

in cell extract was 43.61% more than the supernatant. 

 

Insulin-degrading enzyme activity in cell extract 

and supernatant of Caco-2 
For IDE activity, we measured the enzyme activity in 

cell extract and supernatant of Caco-2 cells. The 

enzyme activity was calculated as RFU per loaded 

protein and subtracted from background (Fig. 1C). The 

results showed the IDE activity in cell extract samples 

were 27.62 ± 1.78 and 10.70 ± 0.30 RFU, respectively 

(Fig. 1C). Therefore, the IDE activity in the cell extract 

was 61.25% more than supernatant (Fig. 1D). It should 

be mentioned that the supernatant had fairly high 

background fluorescence (Fig. 1C), which is mainly 

due to fluorescent absorbance of FBS
[22]

.  
 

Insulin-degrading enzyme expression in three 

different passage ranges and times of cell culture 
The IDE expression in three different passage ranges 

and three culture times of Caco-2 cell (Fig. 2A) 

showed that the IDE protein level in cell extract was 

not significantly different in various passage numbers 

and culture times (p = 0.72 and p = 0.33, respectively, 

Fig. 2B). 

 

Insulin-degrading enzyme activity in different 

passage numbers and different times of cell culture 
The IDE activity was determined in various passage 

number ranges, and RFU per loaded protein was 

calculated (Fig. 2C). The results showed that in 

passage  number  ranges  of  24-35  and 52-63, the IDE 
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 IDE 

source 

IDE amount 

(Band intensity) 

IDE activity 

(RFU background) 

 Cell extract 2.35 ± 0.19 27.62 ± 1.78 

 Supernatant 1.32 ± 0.43 10.70 ± 0.30 
 

Fig. 1. Protein expression and the activity of insulin-degrading enzyme (IDE) analysis by Western blot and fluorescent assay, 

respectively. (A) Caco-2 cells were cultured, and an equal volume of supernatant and cell extract was analyzed by Western blot using 

anti-IDE antibody. β-actin was used as the internal control, (B) the detected bands were digitized, and the intensity was calculated as 

relative intensity to loaded protein of cell extract and supernatant samples, (C) an equal volume of supernatant and cell extract were 

analyzed by fluorescent assay using substrate V. The relative fluorescent unit (RFU) of samples was calculated as RFU per loaded 

protein of cell extract and supernatant samples (RFU/loaded protein), (D) Comparison between insulin degrading enzyme (IDE) 

amount (band intensity/loaded protein) and activity (RFU-Background) in the cell extract and cell supernatant. 
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Fig. 2. Protein expression and the activity of insulin-degrading enzyme (IDE) were analyzed in different passages of Caco-2 cell 

extracts. (A) Three different passage ranges of Caco-2 cells were studied in three different time points. Cells were cultured, and an 

equal volume of cell extracts were analyzed by Western blot using anti-IDE antibody. β-actin was used as the internal control, (B) the 

detected bands were digitized, and the intensity was calculated as relative intensity to loaded protein of cell extract, (C) an equal 

volume of samples was analyzed by fluorescent assay using substrate V. The relative fluorescent unit (RFU) of samples was calculated 

as RFU per loaded protein of cell extract (*p < 0.05, n = 3) 

 

 

activities were  not   significantly  different  in  various 

time points (p = 0.12 and p = 0.24, respectively). 

However, in lower passage number (5-15), the data 

analysis showed that IDE activity was ~45% more than 

higher passage ranges (52-63) in 72-h culture time 

(Fig. 2C, p < 0.05). Therefore, the lower passage 

number and ~72 h after seeding will be the best time to 

use cell extract for IDE assay.  

 

 

DISCUSSION 

 

Previous studies have reported Caco-2 cells as a 

source with suitable IDE expression and activity
[9,10]

. 

Therefore, Caco-2 cell line has been used as a source 

for IDE experiments such as the selection of new drug 

candidates including inhibitors and activators of IDE. 

Here, we tested the effect of cell passage number on 

the IDE expression and activity with regard to passage 

number. 

IDE is mainly a cytosolic protein and is secreted in a 

nonconventional pathway in association with 

exosome
[23]

. We found that the amount of IDE in the 

cell extract of Caco-2 cells was 43.61% more than 

supernatant. Furthermore, the IDE activity was higher 

in the cell extract (27.62 ± 1.78 RFU) than supernatant 

(10.70 ± 0.30 RFU). These results are in agreement 

with those of other researchers who have used the cell 

extract as the IDE source
[8,10,24]

. 

In many cases, variability in cell culture experiments 

has been linked to the passage number or senescence of 

cell line, as well as culture medium. Studies have 

shown the effect of passage number of Caco-2 on 

growth, viability, efflux, protein expression, and 

Transepithelial electrical resistance
[12,14]

. Therefore, an 

essential part of designing study protocols is to 

elucidate the effect of these factors on producing 

variable results. Based on our results, the IDE 

expression had small changes in different passage 

numbers (5-15, 25-35, and 52-63), and the activity was 

similar in higher passage numbers. These findings are 

similar to Briske-Anderson et al.
[14]

 findings in which 

they have assessed the effect of passages 22, 33, 72 and 

days of development (0-30 day) on total protein in 

Caco-2 cells. They have also shown that the total 

cellular protein per membrane during 192 hours were 
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similar among passages
[14]

. 

Despite small changes in IDE expression among 

different passage numbers, our data showed that the 

passage number 5-15 had higher IDE activity than 

others after 72-hour culture time (p < 0.05, Fig. 2C). It 

has been reported that the culture condition and 

passage number can influence the protein content and 

function of Caco-2 cells
[21,25]

. The effect of passage 

number depends on the type of protein as well. In a 

study on P-gp expression in Caco-2 cells, higher 

passage number (>40) is essential since P-gp is very 

low in passage less than 18
[25]

. However, in efflux 

experiments, the lower passage number (<40) is 

requiredbecause the efflux rate is decreased 

dramatically in the higher passage number
[26]

. 

Similarly, in Caco-2 cells, longer periods (6-15 days) 

of culture have reduced function of the ubiquitin 

degradation system
[26]

. Considering the role of IDE 

function in protein degradation system
[5,27]

, one can 

conclude a lower activity of IDE in higher passage 

numbers.  Our results indicate a lower IDE activity in 

the higher passage number similar to the findings of 

Zhang et al.
[27]

. Thus, for IDE activity experiments, the 

lower passage number and ~72-h culture have the 

highest IDE activity in Caco-2 cell extracts. 

The present study demonstrates that the passage 

number or culture time can influence the IDE activity, 

but not the IDE expression. The IDE activity was 

higher in lower passage numbers (5-15) at 72-h culture. 

Collectively, Caco-2 cells in studies related to IDE 

should be used in lower passage numbers. 

 

 

ACKNOWLEDGMENTS 

 

This study was financially supported by Tehran 

University of Medical Sciences, Tehran, Iran (Grant 

No. 93-03-87-25957). We thank Ms. S. Karoobi, Mr. 

H. Akbari, and Ms. S. Tavajohi for their technical 

assistance. 

 

CONFLICT OF INTEREST. None declared. 

 

 

REFERENCES 

 
1. Harada S, Smith RM, Smith JA, Jarett L. Inhibition of 

insulin-degrading enzyme increases translocation of 

insulin to the nucleus in H35 rat hepatoma cells: 

evidence of a cytosolic pathway. Endocrinology 1993; 

132(6): 2293-2298.  

2. Craft S, Watson GS. Insulin and neurodegenerative 

disease: shared and specific mechanisms. The lancet 

neurology 2004; 3(3): 169-178.  

3. Qiu WQ, Folstein MF. Insulin, insulin-degrading 

enzyme and amyloid-β peptide in Alzheimer's disease: 

review and hypothesis. Neurobiology of aging 2006; 

27(2): 190-198.  

4. Barbagallo M, Dominguez LJ. Type 2 diabetes mellitus 

and Alzheimer’s disease. World journal of diabetes 

2014; 5(6): 889-893.  

5. Tundo GR, Sbardella D, Ciaccio C, Bianculli A, Orlandi 

A, Desimio MG, Arcuri G, Coletta M, Marini S. Insulin-

degrading enzyme (IDE) a novel heat shock-like 

protein. Journal of biological chemistry 2013; 288(4): 

2281-2289.  

6. Hulse RE, Ralat LA, Wei‐Jen T. Structure, Function, 

and Regulation of Insulin‐Degrading Enzyme. Vitamins 

and hormones 2009; 80: 635-648.  

7. Gonzales GB, Van Camp J, Vissenaekens H, Raes K, 

Smagghe G, Grootaert C. Review on the Use of Cell 

Cultures to Study Metabolism, Transport, and 

Accumulation of Flavonoids: From Mono‐Cultures to 

Co‐Culture Systems. Comprehensive reviews in food 

science and food safety 2015; 14(6): 741-754.  

8. Yfanti C, Mengele K, Gkazepis A, Weirich G, Giersig 

C, Kuo W-L, Tang W-J, Rosner M, Schmitt M. 

Expression of metalloprotease insulin-degrading 

enzyme insulysin in normal and malignant human 

tissues. International journal of molecular medicine 

2008; 22(4): 421.  

9. Chang LL, Stout LE, Wong WD, Buls JG, Rothenberger 

DA, Shier WT, Sorenson RL, Bai JP. 

Immunohistochemical localization of insulin‐degrading 

enzyme along the rat intestine, in the human colon 

adenocarcinoma cell line (Caco‐2), and in human ileum. 

Journal of pharmaceutical sciences 1997; 86(1): 116-

119.  

10. Bai JP, Hsu MJ, Shier WT. Insulin-degrading enzyme in 

a human colon adenocarcinoma cell line (Caco-2). 

Pharmaceutical research 1995; 12(4): 513-517.  

11. Scherer WF, Syverton JT, Gey GO. Studies on the 

propagation in vitro of poliomyelitis viruses: IV. Viral 

multiplication in a stable strain of human malignant 

epithelial cells (strain HeLa) derived from an 

epidermoid carcinoma of the cervix. The journal of 

experimental medicine 1953; 97(5): 695.  

12. Anderle P, Niederer E, Rubas W, Hilgendorf C, 

Spahn‐Langguth H, Wunderli‐Allenspach H, Merkle 

HP, Langguth P. P‐glycoprotein (P‐gp) mediated efflux 

in Caco‐2 cell monolayers: The influence of culturing 

conditions and drug exposure on P‐gp expression levels. 

Journal of pharmaceutical sciences 1998; 87(6): 757-

762.  

13. Zucco F, Batto A, Bises G, Chambaz J, Chiusolo A, 

Consalvo R, Cross H, Negro G, de Angelis I, Fabre G. 

An inter-laboratory study to evaluate the effects of 

medium composition on the differentiation and barrier 

function of Caco-2 cell lines. Alternatives to laboratory 

animals 2005; 33(6): 603.  

14. Briske-Anderson MJ, Finley JW, Newman SM. The 

influence of culture time and passage number on the 

morphological and physiological development of Caco-

2 cells. Experimental biology and medicine 1997; 

214(3): 248-257.  

15. Natoli M, Leoni BD, D'Agnano I, D'Onofrio M, Brandi 



Mohammadi Farsani et al. Expression and Activity of Insulin-Degrading Enzyme 

 

 
Iran. Biomed. J. 22 (1): 70-75 75 
 

R, Arisi I, Zucco F, Felsani A. Cell growing density 

affects the structural and functional properties of Caco‐2 

differentiated monolayer. Journal of cellular physiology 

2011; 226(6): 1531-1543.  

16. Sambuy Y, De Angelis I, Ranaldi G, Scarino M, 

Stammati A, Zucco F. The Caco-2 cell line as a model 

of the intestinal barrier: influence of cell and culture-

related factors on Caco-2 cell functional characteristics. 

Cell biology and toxicology 2005; 21(1): 1-26.  

17. Faust RA, Albers JJ. Regulated vectorial secretion of 

cholesteryl ester transfer protein (LTP-I) by the CaCo-2 

model of human enterocyte epithelium. Journal of 

biological chemistry 1988; 263(18): 8786-8789.  

18. Sussman N, Eliakim R, Rubin D, Perlmutter D, 

DeSchryver-Kecskemeti K, Alpers D. Intestinal alkaline 

phosphatase is secreted bidirectionally from villous 

enterocytes. American journal of physiology-

gastrointestinal and liver physiology 1989; 257(1): G14-

G23.  

19. Chantret I, Rodolosse A, Barbat A, Dussaulx E, Brot-

Laroche E, Zweibaum A, Rousset M. Differential 

expression of sucrase-isomaltase in clones isolated from 

early and late passages of the cell line Caco-2: evidence 

for glucose-dependent negative regulation. Journal of 

cell science 1994; 107(1): 213-225.  

20. Kumar KK, Karnati S, Reddy MB, Chandramouli R. 

CACO-2 cell lines in drug discovery-an updated 

perspective. Journal of basic and clinical pharmacy 

2010; 1(2): 63.  

21. Yu H, Cook TJ, Sinko PJ. Evidence for diminished 

functional expression of intestinal transporters in Caco-2 

cell monolayers at high passages. Pharmaceutical 

research 1997; 14(6): 757-762.  

22. Weihua Z, Zhimin Z, Xin G, Xiaoqin H. Study on serum 

fluorescence spectra based on wavelet transform. 

African journal of biotechnology 2010; 9(6): 892-899.  

23. Tamboli IY, Barth E, Christian L, Siepmann M, Kumar 

S, Singh S, Tolksdorf K, Heneka MT, Lütjohann D, 

Wunderlich P. Statins promote the degradation of 

extracellular amyloid β-peptide by microglia via 

stimulation of exosome-associated insulin-degrading 

enzyme (IDE) secretion. Journal of biological chemistry 

2010; 285(48): 37405-37414.  

24. Bai JP, Hong HJ, Enberger DA, Wong WD, Buls JG. 

The presence of insulin‐degrading enzyme in human 

ileal and colonic mucosal cells. Journal of pharmacy 

and pharmacology 1996; 48(11): 1180-1184.  

25. Senarathna S, Crowe A. The influence of passage 

number for Caco2 cell models when evaluating P-gp 

mediated drug transport. Die pharmazie 2015; 70(12): 

798-803.  

26. Siissalo S, Laitinen L, Koljonen M, Vellonen K-S, 

Kortejärvi H, Urtti A, Hirvonen J, Kaukonen AM. 

Effect of cell differentiation and passage number on the 

expression of efflux proteins in wild type and 

vinblastine-induced Caco-2 cell lines. European journal 

of pharmaceutics and biopharmaceutics 2007; 67(2): 

548-554. 

27. Zhang Y, Wick DA, Haas AL, Seetharam B, Dahms 

NM. Regulation of lysosomal and ubiquitin degradative 

pathways in differentiating human intestinal Caco-2 

cells. BBA molecular cell research 1995; 1267(1): 15-

24.  

 


