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Summary

Atherosclerosis and heart disease are the main cause of death in United States. The development

of atherosclerosis includes lipid deposition and foam cell formation in the artery wall. Scavenger

Receptors A-I and II (SRA-I/II) have an important role of in foam cell formation and

atherogenesis. Most of the SRA-I/II studies had been performed using Iodine-125 radiolabeled

modified LDL. This report attempts to validate the use of fluorescence microscopy techniques as

an alternative to obtain qualitative and quantitative information of the uptake of fluorescence

labeled AcLDL in adherent CHO cells expressing SRA-I/II. After verifying the protein expression

of SRA-I and II, uptake was quantified using a Laser Scan Cytometer, and images of cells

containing fluorescent AcLDL were obtained. A significant increase in fluorescence was found in

the cells transfected with SRA-I/II versus those with empty vector. When SRA-I/II competitive

ligands were used, the uptake of AcLDL was significantly decreased. In conclusion, the use of

fluorescence microscopy techniques in obtaining qualitative and quantitative information of the

uptake of fluorescence labeled AcLDL by adherent cells, such as CHO cells, is an alternative to

the traditional use of radiolabeled iodine.
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Introduction

Atherosclerosis and heart disease are the main cause of death in the United States. The

development of atherosclerosis includes lipid deposition and foam cell formation in the

artery wall. Scavenger receptors (SRs) are members of a family of membrane receptors,

initially described as a binding site on macrophages that mediates uptake and degradation of
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acetylated low density lipoprotein (AcLDL) (Goldstein et al. 1979). Today it is well

recognized that SRs are a growing family of glycoproteins that not only have a broad ligand

binding ability, but also are expressed in different cell types (Peiser and Gordon 2001). The

scavenger receptors class A (SRA) are expressed in macrophages and have the ability to

bind different kind of ligands such as modified LDL, negative charged particles, LPS, etc

(Platt and Gordon 2001). SRAs also have an important role mediating cell adhesion (Fraser

et al. 1993). Numerous studies had shown the important role of SRA I and II, two splice

variants, in foam cell formation and atherogenesis (Babaev et al. 2000; de Winther et al.

1999a; de Winther et al. 1999b; Kunjathoor et al. 2002; Suzuki et al. 1997). Modified low

density lipoproteins (mLDL) such as AcLDL or oxidized LDL (OxLDL) are taken through

the macrophage scavenger receptor A I/II (SRA-I/II). Most of the SRA-I/II studies, where

uptake of mLDL was quantified, had been performed using Iodine-125 (125I) radiolabeled

AcLDL or OxLDL (Andersson and Freeman 1998; Ashkenas et al. 1993; Doi et al. 1993;

Doi et al. 1994; Fortin et al. 2000; Freeman et al. 1991; Morimoto et al. 1999). It is known

that 125I emits gamma radiation, and due to its ability to volatilize special precautions are

required to prevent its inhalation or absorption through skin. 125I after reaching the

bloodstream accumulates in thyroid gland increasing the risk of developing thyroid

malignancy.

Currently the use of fluorescence labeled ligands such as antibodies or lipids are a better

alternative, and flow cytometry is commonly used as a method for detection and

quantification. However, it is require for flow cytometry analysis that cells be in suspension,

which is a limitation for adherent cells. Moreover, some adherent cells will require to be

treated with trypsin and/or EDTA for detachment and be in suspension. This treatment with

trypsin and/or EDTA could interfere with surface receptors and concentration of free

calcium necessary for endocytosis. Once adherent cells are detached, re-attachment must be

prevented. The use of a rotator during incubation for a short time could prevent cell

adhesion to the vial wall and keep cells in suspension, but when performing functional

assays requiring long time exposure, adherent cells kept in suspension will experience

changes in viability compromising the final results of the assay. In such case, the use of

fluorescence microscopy for the detection of fluorescence labeled ligands in adherent cells

when performing functional assays requiring long time exposure is a better alternative,

because cells will be left attached to the surface, no requiring trypsin and /or EDTA

treatment that could interfere with the assay, and the use of a rotator will not be required to

prevent cell re-attachment.

Studying functional assays using fluorescence microscopy techniques requires the use of an

appropriate method. Moreover when lipids are used as ligands, and membrane integrity

needs to be preserved in order to prevent losing or misplacing the fluorescence labeled lipid.

Only after choosing the appropriate method, the image analysis will be more accurate. This

report attempts to validate the use of fluorescence microscopy techniques in obtaining

qualitative and quantitative information of the uptake of fluorescent labeled AcLDL using

stable transfected adherent CHO cells.
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Materials and methods

Cell and Lipoproteins

Chinese Hamster Ovarian cells CHO-K1 cells (ATCC:CCL-61) were grown in Ham’s F12K

medium with 2 mM L-glutamine and 10% fetal bovine serum at 37°C in a humidified 5%

CO2 / 95% air incubator. Alexa Fluor 488 conjugated AcLDL (Invitrogen, Carlsbad, CA).

Plasmid Constructs

The murine SRA-I cDNA used was obtained from pXmSRI-28 donated Dr. Monty Krieger

(Biology Department, MIT, MA). The murine SRA-II cDNA used was obtained from

Invitrogen NIH Mammalian Gene Collection full-length (IRAV), clone ID 3594142 Mus

musculus macrophage scavenger receptor 1 cDNA (SRA-II), which was inserted into a

pCMV-SPORT6 vector. The following procedures were performed in order to subclone the

SRA-I and SRA-II cDNA into the vector pcDNA3.1/myc-His-A and/or pcDNA3.1(+)

Hygro (Invitrogen). The restriction sites KpnI and XbaI were inserted in the SRA-I and

SRA-II sequences at the 5’ and 3’ terminus respectively by polymerase chain reaction (PCR)

using Pfu DNA polymerase (Stratagene, La Jolla, CA). In order to introduce the SRA-I and

SRA-II PCR products into the vectors, both were previously digested with KpnI and XbaI

and then ligated with T4 DNA Ligase (Promega, Madison, WI). DH5α cells (Invitrogen)

were transformed with each construct. After verifying the DNA sequence of the constructs,

CHO cells were transfected.

Transfection

Five constructs were transfected in CHO cells separately: SRA-II-pcDNA3.1/myc-His-A

(SRAII), SRA-I-pcDNA3.1(+)-Hygro (SRA-Ih), SRA-II-pcDNA3.1(+)-Hygro (SRA-IIh),

and their respective empty vector. Lipofectamine 2000 Transfection Reagent (Invitrogen)

was used for CHO cells transfection following manufacturer’s instructions. Briefly, 24 hours

before transfection CHO cells were plated in 24-well plate at 1.2 × 105 cell per well in 0.5

ml of antibiotic free medium. Then 0.8 μg of vector DNA and 2.5 μl of transfection reagent

were diluted in separate tubes with 50 μl of Opti-mem I reduced serum medium (Invitrogen).

After a five-minute incubation at room temperature both solutions were combined and re-

incubated at room temperature for 20 additional minutes. The combined solution was then

added directly to the well containing CHO cells and mixed. Cells were incubated at the

conditions previously mentioned and growth medium was changed after 4 hours. Forty-eight

hours after transfection Geneticin or Hygromycin antibiotic (Invitrogen) was added at a final

concentration of 500 and 700 μg/ml respectively for antibiotic selection of transfected cells.

Successful clones were isolated and characterized.

Immunoprecipitation and Western Blot

Ten million cells were incubated on ice for 30 min in 200 μl of lysis buffer (150 mM NaCl,

10 mM EDTA, 10 mM NaN3, 10 mM Tris [pH 8.0], 1 mM PMSF, 5 mM iodacetamide and

1% Nonidet P-40 [NP-40]). Rat anti mouse CD204 antibody (2F8) (Serotec, Oxford, UK)

was added to reach a final dilution of 1:40, and incubated overnight at 4°C in an end-over-

end rotator. Thereafter 30 μl of Protein G-agarose (Roche Applied Science, IN) was added
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and incubated under the same conditions overnight. The lysate containing the antibodies and

protein G-agarose was washed three times and 30 μl of Laemmli sample buffer containing

5% beta mercaptoethanol was added. CD204 immunoprecipitated cell lysate from

transfected and untransfected cells were incubated at 70°C for ten minutes, loaded in a

4-15% linear gradient Ready Gel Tris-HCl gel (Bio-Rad, Hercules, CA), and

electrophoresed for 1 hour at 100 volts; then proteins were electrophoretically transferred to

Trans-Blot Transfer medium nitrocellulose membrane (Bio-Rad) for 1.5 hrs at 100 volts.

After blocking for 1 hour at room temperature, primary monoclonal anti-6X His tag

antibody (Abcam, Cambridge, MA) was added to reach a final dilution of 1:5000, and

incubated overnight at 4°C. Membranes were washed 3 × 5 minutes and exposed to

horseradish peroxidase conjugated anti-rabbit IgG antibody (Cell Signaling Technology,

Danvers, MA) for 1 h at room temperature. Enhanced chemiluminescence (ECL)

development was performed with ECL western blotting detection reagents (Amersham

Biosciences, Piscataway, NJ) according to manufacturer’s instructions. Images were taken

using a Versadoc Imagining System 3000 (Bio-Rad).

AcLDL Uptake

Cells were plated in a Lab-Tek II eight-well chamber slide (Nalge Nunc International,

Rochester, NY) at 5×104 cells per well 24 hours before exposure. When SRs ligands were

used, cells were pre-treated with Polyinosinic acid (PolyI) (Sigma-Aldrich, Saint Louis,

MO) at 100 μg/ml or anti CD204 blocking antibody (2F8) (Serotec) at 1 μg/ml for 30

minutes. Alexa Fluor 488 conjugated AcLDL was then added to the cells at a final

concentration of 10 μg/ml and incubated for 90 minutes at 37°C. After incubation medium

was removed, cells were fixed with 3% paraformaldehyde in PBS, incubated for 20 minutes

at room temperature, and washed four times with PBS as reported by DiDonato et al., for the

study of lipid droplets (DiDonato and Brasaemle 2003). Nuclei staining with propidium

iodide (PI) was performed for cell detection. PI was added at a final concentration of 500

ng/ml, incubated for 5 min at room temperature and washed three times with PBS. Images

were taken at 400x magnification with a Zeiss Axioskop Fluorescence Microscope using a

FITC/GFP filter (blue light) for Alexa Fluor 488 and Rhodamine/Texas Red filter (green

light) for PI. Confocal microscopy pictures were taken at 1000x magnification with a

Radiance 2000 Laser Scanning System (BioRad) attached to a Nikon Eclipse TE300

microscope. Images were processed with Adobe Photoshop version 7.0.1 and ImageJ

version 1.35q. For fluorescence quantification, slides were scanned using a Laser Scan

Cytometer (LSC) with a 20x objective. Cells were detected by contouring around nucleic

acid PI stain and data was analyzed with WinCyte LSC V3.6 from CompuCyte Corporation.

Statistical Analysis

Experiments were repeated at least three times. Results were presented as the media unless

indicated. Data was analyzed using nonparametric statistics. Mann-Whitney U test was used

when comparing two groups, and Kruskal-Wallis test when comparing three groups or more.

Statistics analyses were performed using GB-Stat version 6.5.6. Alpha error was set at

P<0.05.
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Results

SRA-II Expression in CHO Cells

The protein expression of SRA-II in transfected CHO cells was confirmed by

immunoprecipitation (IP) using anti CD204 antibody followed by Western Blot (WB) with

the anti-6X His Tag antibody as described in methods (Figure 1). The SRA-II monomer has

a molecular weight of approximately 75 kD, which is seen in the WB. Also a band of

approximately 60 kD could be seen in each of the different groups. This band could be the

result of some unspecific binding by the heavy chain of the anti-CD204 IgG used for IP. The

presence of the 75kD band not only confirm the expression of SRA-II, but also that the full

length of the SRA-II including the 6X His tag was expressed.

Receptors Functionality: AcLDL Uptake

The uptake of AcLDL was determined to evaluate functionality of the constructs in CHO

cells. Transfected cells were incubated with Alexa Fluor 488 labeled AcLDL as described in

methods. Cells transfected with SRA-II showed, under the fluorescence microscope, uptake

of fluorescence AcLDL while cells transfected with empty vector (EV) did not (data not

shown). Then, AcLDL uptake was quantified using the LSC and the increase in fluorescence

was calculated as shown in Figure 2. After analyzing each experiment with its respective

control, an increase in fluorescence of more than two times was found in the cells

transfected with SRA-II than with EV. This increase was statistically significant.

In order to compare functionality of SRA-I and SRA-II without the presence of the 6X-His

tag, constructs expressing SRA-I and II without the tag were stably transfected and exposed

to AcLDL. As reported above, cells transfected with SRA-Ih and IIh showed AcLDL uptake

(Figure 3), and increase in fluorescence (Figure 4) statistically significant.

Effect of SR ligands in AcLDL Uptake

To verify that SRA-I and II expression was responsible for the increase of AcLDL uptake, a

competition assay was performed. Cells were pretreated with SRs ligands as competitors for

AcLDL binding. The specific SRA-I/II anti CD204 antibody and the nonspecific SR ligand

PolyI were used for this assay. The use of anti CD204 antibody and PolyI produced a

decrease in AcLDL uptake in all the SRA-I and II transfected cells (Figure 5). As expected

greater decreased was found with PolyI than with anti CD204 antibody because PolyI has

the ability to bind different SRs members.

Internalization of AcLDL

Cells SRA-II transfected were imaged using confocal microscopy to determine if the

presence of fluorescence was due to AcLDL internalization and not simply binding. As

shown in Figure 6, fluorescence labeled AcLDL could be localized on the surface and inside

the cells. This finding confirms that CHO transfected cells internalize AcLDL.

Leyva and Pershouse Page 5

Scanning. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Discussion

The SRA-I and SRA-II are expressed in macrophages and have the ability to bind different

kind of ligands such as mLDL, negatively charged particles, asbestos (Resnick et al. 1993),

and LPS (Hampton et al. 1991). In this paper the murine SRA-I and II ability to bind

fluorescence labeled AcLDL had been studied when expressed in adherent CHO cells in an

attempt to validate the use of fluorescence microscopy techniques to obtain qualitative and

quantitative information of the uptake as an alternative to the traditional use of radiolabeled

iodide and/or flow cytometry with less risks and costs related to their use.

After transfection, protein expression was verified by IP using a specific rat anti mouse

CD204 antibody. This antibody recognizes only the native trimeric structure of the SRA-I

and SRA-II. CD204 antibody has been previously used as a specific inhibitor and for IP,

however it has low affinity for immunohistochemistry, flow cytometry and WB studies. In

this study the anti CD204 antibody was used for IP and as SRA-I/II inhibitor verifying the

expression and validating functionality of the SRA-I and II in the AcLDL uptake. In order to

visualize the immunoprecipitated SRA-II, WB was performed using an antibody for the 6X-

His tag incorporated to the C terminus of the SRA-II. In further experiments, the SRA-Ih

and IIh constructs were used. These constructs, which do not express the 6X-tag, were used

to prevent any interference of the tag with AcLDL binding.

Images of cells containing AcLDL were taken using a fluorescence microscope and a

confocal one. Fluorescent vesicles were seen in cells transfected with SRA-I or SRA-II.

These fluorescence vesicles could not be seen in the cells transfected with EV. Further

quantification studies showed a statistically significant increase in fluorescence, and the

competition assay with SR ligands showed that the presence of SRA-I or II in CHO cells

was required for the increase in fluorescence. It was noticed that SRA-I transfected cells had

lower increase in fluorescence than its SRA-II counterpart. This observation was previously

reported by Freeman et al. when looking for radiolabeled AcLDL and OxLDL degradation

in adherent CHO cells transfected with bovine SRA-I and SRA-II (Freeman et al. 1991). It

was reported that bovine SRA-II activity was higher than bovine SRA-I, and that this

difference could be related to clonal or intrinsic differences between receptors. Our study

found this same difference in activity using a murine version of the SRA I and II, which

favors the possibility of intrinsic differences between both splice variants.

Conclusions

In conclusion, this report validates the use of fluorescence microscopy techniques in

obtaining qualitative and quantitative information of the uptake of fluorescence labeled

AcLDL by adherent cells such as CHO cells as an alternative to the use of radiolabeled

iodide and/or flow cytometry.
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Figure 1.
Protein expression of SRA-II was confirmed by immunoprecipitation followed by western

blot in CHO transfected cells (arrowhead at 75 kD). Untransfected and Empty Vector

transfected cells showed no band. Results shown are representative of three experiments.
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Figure 2.
Uptake of AcLDL by CHO cells transfected with Empty vector and SRA-II. Cells were

exposed to fluorescence labeled AcLDL for 90 minutes. Quantification was performed using

a Laser Scan Cytometer. (A) Representative results of one experiment comparing empty

vector and SRA-II transfected CHO cells. (B) All experiments analyzed data presented as

Median *P<0.05; n=5.
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Figure 3.
Uptake of AcLDL by CHO cells transfected with EV, SRA-Ih, and SRA-IIh. Cells were

exposed to fluorescence labeled AcLDL for 90 minutes. Pictures were taken at 400x

magnification using a blue filter for Alexa Fluor 488 (first column) and green filter for

propidium iodide (second column). The overlay at the third column shows co-localization

between AcLDL and cells.
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Figure 4.
Uptake of AcLDL by CHO cells transfected with SRA-Ih and SRA-IIh. Cells were exposed

to fluorescence labeled AcLDL for 90 minutes. Quantification was performed using a Laser

Scan Cytometer. Data shown are presented as Median *P<0.05; n=6.
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Figure 5.
Uptake of AcLDL by CHO cells transfected with SRA-Ih and SRA-IIh when exposed to the

SRAs ligands in a competition assay. CD204 a specific SRA-I/II ligand (2F8), and poly I a

nonspecific ligand were used. Cells were pre-incubated 30 minutes with SRAs ligands

before being exposed to fluorescence labeled AcLDL for 90 minutes. Quantification was

performed using a Laser Scan Cytometer. Data shown are presented as Mean ± SEM. n=6.
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Figure 6.
Montage of confocal images at 1000x magnification of fluorescence labeled AcLDL

incorporated by CHO cells transfected with SRA-II. Upper left picture is a z projection of a

stack of 11 optical slices. Fluorescence AcLDL could be localized at the surface and inside

the cytosol.

Leyva and Pershouse Page 14

Scanning. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


