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Introduction 

Corning microcarriers provide an ideal format for high yield 
 culture of anchorage-dependent cell lines for bioprocess applica-
tions. The microcarriers are sterilized and ready-to-use, thereby 
greatly reducing the time-consuming preparatory steps that are 
required with many other microcarriers. Here we use Vero cells 
to compare the performance of Corning enhanced attachment 
microcarriers to a leading commercially available microcarrier. 
Vero cells are an ideal candidate for microcarrier culture because 
they are anchorage-dependent and are popular for cell line-based 
vaccine production.

Materials and Methods

Vero cells (ATCC® CCL81™) were cultured in DMEM (Corning 
Cat. No. 10-013) supplemented with 10% FBS (Corning Cat. No. 
35-010), 1X MEM NEAA (Corning Cat. No. 25-025), and 2mM 
L-glutamine (Corning Cat. No. 25-005). The cells were maintained 
in 150 cm2 cell culture flasks with Corning CellBIND® surface 
(Corning Cat. No. 3291) and expanded in Corning HYPERFlask®  
cell culture vessels (Corning Cat. No 10030).

Corning enhanced attachment microcarriers (Corning Cat. No. 
3779) and competitor microcarriers were used to expand Vero 
cells in Corning 1L glass spinner flasks (Corning Cat. No. 4500-1L). 
In order to accurately compare the results, the optimal cell cul-
ture protocol for each respective microcarrier was used. Table 1 
summarizes the conditions that were used for each microcarrier. 
Microcarriers were added to a Corning 1L glass spinner flask in 
DMEM and allowed to equilibrate in a 5% CO2 incubator at 37°C 

Corning Enhanced Attachment Microcarrier Competitor Microcarrier

Microcarrier Preparation
Requirement for swelling dry microcarriers Not required Required (at least 3 hours)

Requirement for washing microcarriers Not required Required

Requirement for sterilization of microcarriers Not required (sterile, ready-to-use) Required (autoclave or ethanol sterilization)

Microcarrier surface area (dry weight) 360 cm2/g 4,400 cm2/g

Cell Attachment Conditions

Medium DMEM DMEM

Serum concentration during attachment 0.1% to 0.5% FBS 5% FBS

Culture vessel 1L glass spinner flask 1L glass spinner flask

Final culture volume during attachment 500 mL 500 mL

Culture volume 425 mL (85% final culture volume) 250 mL (50% final culture volume)

Final microcarrier concentration in culture 10 cm2/mL; 0.1 mL/cm2; 27.8 g/L 13.2 cm2/mL; 0.076 mL/cm2; 3.0 g/L

Total surface area 5,000 cm2 6,579 cm2

Cell seeding density 15,000 cells/cm2 15,000 cells/cm2

Agitation Continuous mixing (40 rpm) Intermittent mixing (1 min. at 40 rpm, 45 min. static, 
repeat)

Duration 2 to 3 hours 2 to 3 hours

Cell Expansion Conditions
Medium DMEM (5% FBS) DMEM (5% FBS)

Agitation Continuous mixing (40 rpm) Continuous mixing (40 rpm)

Media replenishment ½ volume media exchange on days 3 and 5 ½ volume media exchange on days 3 and 5

Duration 5 to 7 days 5 to 7 days

Table 1. Summary of cell attachment and cell expansion conditions for Corning enhanced attachment microcarriers and 
competitor microcarriers.



for 1 to 2 hours for media equilibration. Next, Vero cells were 
seeded at a density of 15,000 cells/cm2. For Corning® enhanced 
attachment microcarriers, the culture was continuously mixed 
at 40 rpm for the entire attachment phase. Per the manufactur-
er’s recommendations for the competitor microcarriers, the cul-
ture was mixed for 1 minute at 40 rpm followed by a 45-minute 
static incubation phase. This process was repeated for the entire 
cell attachment phase. Cell attachment was monitored hourly by 
quantifying the number of unattached cells in the culture. After 2 
to 3 hours, the medium was adjusted to 5% FBS in a final volume 
of 500 mL. The culture was incubated for 5 to 7 days at 40 rpm in 
a 5% CO2 incubator at 37°C. The medium was replenished on days 
3 and 5 by allowing the microcarriers to settle, removing 50% of 
the culture volume, and then replacing it with fresh medium. 

During the cell expansion phase, the cultures were sampled daily 
to monitor cell growth and culture conditions. To measure cell 
growth, samples were lysed by incubating with Reagent A100 
(Chemometec Cat No: 910-0003) and stabilized with Reagent B 

Figure 2. Expansion of Vero cells on Corning enhanced attachment 
microcarriers and competitor microcarriers. Vero cell expansion was 
significantly higher on Corning enhanced attachment microcarriers 
compared to competitor microcarriers. Two way ANOVA * p<0.05, n = 4.
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Figure 1. Phase-contrast microscopy and Calcein AM staining of Vero cells on Corning® enhanced attachment microcarriers (top panels) and Competitor 
(bottom panels) microcarriers. Vero cells exhibited similar confluency on both microcarriers. Images show Vero cell growth on day 4 post-seeding  
(10X magnification).



(Chemometec Cat No: 910-0002). Nuclei were counted using Via1-
Cassettes™ (Chemometec Cat No: 941-0012) on a NucleoCounter® 
NC-200 automated cell counter. Microscope images were collected 
daily to evaluate cell growth on the microcarriers. Calcein AM 
(Life Technologies Cat. No. C1430) staining was used to visual-
ize live cells. Metabolic analysis was performed daily with a Nova 
BioProfile® 400 Analyzer to measure nutrient and metabolite 
concentrations.

Results

Corning® enhanced attachment microcarriers and competi-
tor microcarriers were expanded for 6 days in Corning 1L glass 
spinner flasks. Microscopy was used to qualitatively evaluate 
cell attachment and cell expansion. Phase contrast images and 
Calcein AM staining indicated uniform and complete coverage 
of all microcarriers by Vero cells on day 6 (Figure 1). The absence 
of bare microcarriers for both conditions signified complete cell 
attachment and indicated the protocols were optimized. Quan-
titative analysis of the cell growth curves indicated statistically 
significant improvement in cell expansion on Corning enhanced 
attachment microcarriers compared to competitor microcarriers  

(Figure 2). Cell concentrations exceeded 2 x 105 cells/cm2 on 
Corning enhanced attachment microcarriers whereas cell con-
centrations plateaued at 1.2 x 105 cells/cm2 on the competitor 
microcarriers. At the end of a 6-day culture period, cell number/
cm2 was >50% higher for Corning enhanced attachment microcar-
riers than for competitor microcarriers.

Conclusions

◗◗ Corning enhanced attachment microcarriers enable high yield 
expansion of Vero cells for bioprocess applications.

◗◗ Corning enhanced attachment microcarriers are sterile and 
ready-to-use, thereby reducing laborious preparatory steps 
required for competitor microcarriers (swelling, washing, and 
autoclaving).

◗◗ Corning enhanced attachment microcarriers allow efficient cell 
attachment of Vero cells under continuous mixing conditions 
without the need for burdensome intermittent mixing steps.

◗◗ Improved cell densities were achieved on Corning enhanced 
attachment microcarriers compared to competitor microcarriers.

For more specific information on claims, visit the Certificates page at www.corning.com/lifesciences. 

Warranty/Disclaimer: Unless otherwise specified, all products are for research use only. Not intended for use in diagnostic or therapeutic 
procedures. Not for use in humans. Corning Life Sciences makes no claims regarding the performance of these products for clinical or 
 diagnostic applications.
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At Corning, cells are in our culture. In our continuous efforts to improve efficiencies and develop 
new tools and technologies for life science researchers, we have scientists working in Corning R&D 
labs across the globe, doing what you do every day. From seeding starter cultures to expanding 
cells for assays, our technical experts understand your challenges and your increased need for 
more reliable cells and cellular material. 

It is this expertise, plus a 160-year history of Corning innovation and manufactur ing  excellence, 
that puts us in a unique position to offer a beginning-to-end portfolio of high-quality, reliable  
cell culture consumables. 

Beginning-to-end
Solutions for

Cell Culture

www.corning.com/lifesciences/solutions

For additional product or technical information, visit www.corning.com/lifesciences or call 
800.492.1110. Customers outside the United States, call +1.978.442.2200 or contact your 
local Corning sales office.


