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Introduction
Cell counting is a standard laboratory 
procedure that is routinely used within many 
experimental workflows, from life sciences  
to medical diagnostics.

Conventional equipment in many labs, 
manual cell counting is operator-dependent 
and widely recognized as laborious and 
time-consuming with the potential for 
interpersonal differences in cell recognition, 
along with volume, dilution, and pipetting 
errors. Automation has been introduced to 
address these issues by removing subjectivity, 
generating rapid results, and providing 
precision, compliance, and consistency. 
Nonetheless, automation is not without its 
challenges, so careful consideration should be 
given when seeking out the best instrument 
for your applications.

This application eBook presents a 
comprehensive guide on how to easily 
optimize cell counting processes with  
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state-of-the-art technologies, introduces a 
cell counting tool that offers flexibility via 
various slide formats, explores how to simply 
analyze and categorize cell populations, 
illustrates how to count peripheral blood 
mononuclear cells (PBMCs) isolated from 
whole blood samples, and also highlights 
how the LUNA-FX7™ Automated Cell Counter 
can satisfy all of your cell counting needs 
for use in general and bio/pharmaceutical 
laboratories, as well as GMP facilities.

Counting cells: Is there a better way?
Cell counting is often applied within many 
cell culture processes, as well as cell passage 
determinations, single-cell sequencing 
analyses and experimental procedures that 
require a precise and consistent number 
of input cells. In order to achieve optimum 
results, accurate and repeatable cell counts 
are essential. Automated cell counters  
provide users with a more effective way to 
obtain accurate cell counts by removing 
subjectivity, decreasing valuable time spent 
counting and recording cells, and reducing 
volumetric errors to achieve statistical 
accuracy. Find out how to easily optimize 
cell counting processes with state-of-the-art 
optics and learn how to attain accurate 
results without the need for specialized 
operators using the LUNA-FX7™.

All your counting needs in one 
Selecting the right cell counter is vital to 
achieve accurate data. In order to choose 
an appropriate cell counter, users should 
consider cell and sample type, including the 
type of stain and protocol used, as well as 
slide functionality and performance. Discover 
the cell counting tool that offers flexibility via 
various slide formats, including 1-, 2-, 3-, and 
8- channel slides to help you achieve your cell 
counting goals.

The quest for optimal precision
Most automated cell counters have a 
detection range of 1.00E+05 to ~1.00E+07 
cells/mL1. This detection range is not always 
beneficial, since many cell cultures require 
concentrated or diluted cells. Learn how to 
obtain accurate counts with the LUNA-FX7™, 
which offers several slide options to help 

ensure reliable cell counting and find out how 
this counting tool achieved a dynamic range 
of 1.00E+04 cells/mL to 2.50E+07 cells/mL.

The importance of cell size
Analyzing cell size allows researchers 
to obtain vital information regarding cell 
health, batch culture and source material 
in cell therapy. Cell health measurements 
are essential for investigating the effects of 
drugs and are also used within cell culture 
monitoring and optimization processes.  
This application note details how the  
LUNA-FX7™ Automated Cell Counter can 
effectively provide cell size data and cell 
viability status, to help attain reliable cell 
size determinations, and also find out how to 
simply analyze and categorize cell populations 
to achieve counting success.

CAR T: Monitoring cell health and viability
Chimeric antigen receptor T cell (CAR T) 
therapy has led to a revolution in the therapy 
of cancer patients. The production of CAR 
T therapies requires strict adherence to 
regulatory and QA/QC guidelines. In order to 
guarantee product safety, quality and efficacy, 
cell health and viability must be evaluated. 
This application note details how to effectively 
evaluate cell health during critical stages of 
the CAR T cell process using the LUNA-FX7™.

Monitor cell health and growth with precision
Scientific advancements have led to many 
cell therapy improvements, including CAR 
T cell therapy and an increase in bioactive 
production. Bioactive production is expected 
to grow 12-17% annually over the next decade. 
As production and demand grow, so does 
the need to maintain high-quality products 
and comply with strict regulations. Find out 
how the LUNA-FX7™ is designed to provide 
biomanufacturers with the flexibility and 
accuracy to accommodate these analysis 
demands, and discover how CountWire™ 
software allows users to remotely access 
and manage data from multiple units of the 
LUNA-FX7™ in order to comply with 21 Code 
of Federal Regulations (CFR) Part 11.

PBMCs: Optimize counting and viability 
Peripheral blood mononuclear cells (PBMCs) 

3

Automated cell counting guide

3



are isolated from peripheral blood and consist 
of T cells, B cells, natural killer cells, and 
monocytes. These cells are powerful tools 
that can be used for single-cell sequencing, 
vaccine development, preclinical assays, 
CAR T cell therapy and within a range 
of toxicological studies. Accurate PBMC 
measurements are essential to achieve robust 
and reliable results. Obtaining leukocyte 
counts using traditional counting techniques 
is recognized as a complicated and unreliable 
process. Find out how the use of nucleic acid 
stains can enable nucleated leukocytes to  
be differentiated and accurately measured 
using the LUNA-FX7™ and learn how to 
effectively count PBMCs isolated from whole 
blood samples.

Meet the LUNA™ family: Tools for success
The LUNA™ family is one of a rare group of 
lab products to be awarded a SelectScience® 
Platinum Seal of Quality in recognition of the 
many positive reviews these cell counters 
have received from scientists worldwide. 
Find out more about the instruments in this 
range and how they are designed to provide 
speed, precision, and reliability. Discover how 
you can achieve your cell counting goals with 
the LUNA™ Automated Cell Counter, find out 
how the LUNA-FL™ Dual Fluorescence Cell 
Counter operates with contaminated samples 
and differentiates live and dead cells and read 
how the LUNA-II™ Automated Cell Counter is 
equipped with precise autofocus for accurate 
and fast performance.
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The Counting Accuracy of the 
LUNA-FX7™ Automated Cell 
Counter

Counting accuracy, reproducibility, reliability, and consistency,
intra- and inter-device deviation, cell concentration, viability, and average size

A p p l i c a t i o n N o t e

INTRODUCTION
The need for accurate cell counts underpins advances in biotechnology. Cell counts are used in every phase of
biotechnological activity, from cell passage determinations to more sophisticated bioassays, and single-cell
sequencing analyses to cell therapeutic dosing determinations1,2. Accurate and consistent cell count ensures quality
and reliability in downstream procedures, while inaccurate and inconsistent cell counts adversely depreciate
downstream processes. We present the LUNA-FX7™, the newest member of the LUNA™ Automated Cell Counter
family. With state-of-the-art optics, an improved counting algorithm, and precision autofocus, the LUNA-FX7™ was
designed to meet the gamut of cell counting needs. Thus, the LUNA-FX7™ has augmented functionality in both
brightfield and dual fluorescent cell counting modes. Here, we demonstrated the accuracy of cell viability with K562
cells and evaluated intra- and inter-instrument variability of the LUNA-FX7™ with calibration beads.

MATERIALS AND METHODS
Healthy K562 cells of 2 x 106 cells/mL were prepared, and half of the cells were heat-killed at 95°C for 30 minutes to
obtain dead cells. Five different samples of varying viability were prepared by mixing live and dead cells. The cells
were then counted in both brightfield and dual fluorescent modes using Trypan Blue (Cat# T13101) and Acridine
Orange/Propidium Iodide (AO/PI) (Cat# F23001), respectively. For assessing intra- and inter-device variability,
counts were performed using green and red fluorescent beads with a predetermined concentration. Seven different
LUNA-FX7™ devices were used to assess inter-device deviation. The samples were prepared by 1:1 GF and RF
Calibration Bead mixture from the LUNA-FX™ Calibration Beads Kit (Cat# F73101) to make the viability rate 50%
and loaded on a PhotonSlide™ (Cat# L12005).

RESULTS

The Reproducibility and Accuracy of K562 Cell Counting
Often, with some counters, accuracy and reliability may decline due to the misinterpretation of the viability of dead
cells. We prepared K562 cells of the expected total with the final concentration of 2 x 106 cells/mL of 5 different
live/dead cell combinations (Figures 1 and 2). In both brightfield and fluorescence counting modes, the LUNA-FX7™
precisely determined the viabilities and concentrations across all the samples accordingly.
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Figure 1. The linearity of the LUNA-FX7™ in brightfield counting. Cells were counted in Brightfield Cell Counting & Viability mode using Trypan blue
staining. (A-E) Tagged images of 0, 25, 50, 75 and 100% viability. (F) Measured viability of K562 plotted against the expected viability. (G) Constancy of
the total cell concentrations at five different viability samples.

A                                        B                                       C                                        D  E

F

G

Figure 2. The linearity of the LUNA-FX7™ in dual fluorescent counting. Cells were counted in Fluorescence Cell Counting mode using AO/PI dye. (A-E)
Tagged images of 0, 25, 50, 75 and 100% viability, (F) Measured viability of K562 plotted against expected viability. (G) Measured total cell
concentrations at five different viability samples are steady and not significant.
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Intra- and Inter- Device Deviation of the LUNA-FX7™ Automated Cell Counter 
Counting reproducibility is essential for downstream applications of cultured cells. Demonstrating the consistency
and reproducibility of the LUNA-FX7™, which provides reliable results, two different assessments were achieved.
First, intra-deviation was determined by the repeated counting of the LUNA-FX™ Calibration Beads Kit (Cat#
F73101): 10 µl of a 1:1 GF and RF Calibration Bead mixture was counted five times each across four independent
devices (Table 1). Second, inter-device deviation was measured by counting four independent bead slides across
seven different LUNA-FX7™ devices (Table 2). Both the intra- and inter-device evaluation of the LUNA-FX7™
displayed excellent counting reproducibility. Specifically, the intra-device variability for all four devices was 1% or
less for cell concentration, viability, and cell size determination (Figure 3), and the inter-device variability was less
than 2.02% for all parameters in seven different devices.

Table 1. Intra-device variability of the LUNA-FX7™

Table 2. Inter-device variability of the LUNA-FX7™

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.95E+05 53.7 11.5
3 9.97E+05 54.0 11.4
4 9.97E+05 53.9 11.4
5 1.01E+06 54.2 11.4

Average 1.00E+06 53.9 11.4 
St. Dev. 5.97.E+03 0.2 0.1 
CV(%) 0.60% 0.36% 0.48%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.01E+06 54.6 11.5
2 1.00E+06 54.3 11.5
3 1.01E+06 53.1 11.6
4 9.92E+05 53.9 11.5
5 1.01E+06 54.4 11.5

Average 1.00E+06 54.1 11.5 
St. Dev. 8.17.E+03 0.6 0.0 
CV(%) 0.81% 1.10% 0.39%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.87E+05 54.0 11.6
3 9.92E+05 54.1 11.6
4 9.94E+05 54.5 11.8
5 1.01E+06 53.9 11.6

Average 9.97E+05 54.1 11.6 
St. Dev. 8.82.E+03 0.3 0.1 
CV(%) 0.89% 0.50% 0.94%

LUNA-FX™ Calibration Beads, prep #3

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.87E+05 54.0 11.6
2 1.01E+06 54.6 11.6
3 9.97E+05 54.1 11.5
4 1.00E+06 54.6 11.6
5 9.88+05 53.7 11.6

Average 9.99E+05 54.2 11.6 
St. Dev. 9.47.E+03 0.4 0.0 
CV(%) 0.95% 0.73% 0.39%

LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 51.1 11.1
2 1.04E+06 51.1 11.1
3 1.05E+06 52.1 11.2
4 1.05E+06 51.5 11.2
5 1.06E+06 52.6 11.2
6 1.02E+06 51.3 11.0
7 1.04E+06 51.2 11.3

Average 1.04E+06 51.56 11.16 
St. Dev. 1.27.E+04 0.58 0.10 
CV(%) 1.22% 1.12% 0.87%

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.08E+06 49.5 11.0
2 1.07E+06 50.3 11.2
3 1.08E+06 50.2 11.1
4 1.07E+06 50.6 11.1
5 1.06E+06 49.8 11.4
6 1.06E+06 50.2 11.0
7 1.08E+06 49.2 11.4

Average 1.07E+06 49.97 11.17 
St. Dev. 9.00.E+03 0.49 0.17 
CV(%) 0.84% 0.99% 1.53%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.82E+05 50.9 11.2
2 1.00E+06 50.3 11.0
3 9.78E+05 51.1 11.2
4 9.98E+05 51.3 11.1
5 9.89E+05 52.1 11.2
6 9.72E+05 52.4 11.1
7 9.77E+05 51.9 11.2

Average 9.85E+05 51.43 11.14 
St. Dev. 1.08.E+04 0.74 0.08 
CV(%) 1.10% 1.44% 0.71%

LUNA-FX™ Calibration Beads, prep #3 LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 52.5 11.1
2 1.04E+06 52.8 11.0
3 1.05E+06 53.0 11.2
4 1.01E+06 50.8 11.0
5 1.01E+06 51.3 11.2
6 1.02E+06 52.9 11.1
7 1.00E+06 50.6 11.5

Average 1.03E+06 51.99 11.16 
St. Dev. 2.07.E+04 1.05 0.17 
CV(%) 2.02% 2.02% 1.54%
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For Research Use Only. Not for use in diagnostic procedures. © 2020 Aligned Genetics, Inc. All rights 
reserved. 

Find out more at https://logosbio.com/automated-cell-
counters/fluorescence/luna-fx7

Figure 3. The intra-device and inter-device reproducibility of the LUNA-FX7™. The coefficient values (CV%) of the intra-device and inter-device
measurements result in 3% or lower.

CONCLUSION
The LUNA-FX7™ Automated Cell Counter provides exceptionally accurate and consistent values for cell
concentration, viability, and average size, regardless of device and operators. The intra- and inter-device variabilities
are minimal, providing confidence in the reproducibility and reliability in the data from one to multiple LUNA-FX7™s,
based on the needs of research laboratories and facilities.
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The Versatility of the LUNA-FX7™ 
Slide Options Satisfies Any Cell 
Counting Needs

Cell counting is the most basic and essential step in any experiment that involves any cell type. Since the purposes 
and methods of experiments with cells are various, there are many and wide cell counting needs and applications. 
To counter this challenge, the cell counter main system and the sample itself should be considered according to the  
cell type and characteristics, such as which mode and protocol should be applied and which stains are used, etc. 
However, we also need to scrutinize the functionality and performance of the slides that contain the samples: how  
many samples can be loaded, how much volume is measured, and whether or not data management is easy with the 
slides, and so on. That is because the slides used for cell counting also greatly affect the researcher’s experimental 
efficiency and results.

In this perspective, the LUNA-FX7™ can be regarded as the cell counter that cares about the research process and 
results of the users the most. The LUNA-FX7™ gives the flexibility to use various counting slide formats: 1-,2-,3-, 
and 8-channel slides, to accommodate any research application and any needs.

1. STANDARD  LUNA™ Cell Counting Slides / PhotonSlide™
If you are looking for standard 2-channel slides most commonly used for cell counting, these are the answer. 
These slides are also compatible with other LUNA™ cell counters.

2. ACCURATE  LUNA™ 1-Channel Slides
The maximum counting volume of the LUNA™ 1-Channel Slides is 5.1 µL, which is 10 times greater than 
that of most other automated cell counters. The large measuring volume reduces the potential for error and 
CV, making the LUNA-FX7™ one of the most accurate automated cell counting devices on the market.

3. CONVENIENT  LUNA™ 3-Channel Slides
The 3-channel slides enable automatic triplicate counts at once so you can conveniently perform cell 
counting and manage your data. Only dedicated to the 3-channel slides, you can obtain combined results of 
all 3 chambers, including the mean values, standard deviation, and CV in CSV and PDF formats.

4. HIGH THROUGHPUT  LUNA™ 8-Channel Slides
You can load 8 separate samples to the slide in one go with a multi-channel pipette, and the samples in the 
slide can be counted in a row, which saves your time and maximizes your lab’s throughput.

5. EFFICIENT  Single Time Slide Insertion Feature
The slide is inserted once and the LUNA-FX7™ will automatically count all the chambers as preset, without 
the need to remove and reinsert the slide. The feature reduces unnecessary and repeated operations.
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Intra- and Inter- Device Deviation of the LUNA-FX7™ Automated Cell Counter 
Counting reproducibility is essential for downstream applications of cultured cells. Demonstrating the consistency
and reproducibility of the LUNA-FX7™, which provides reliable results, two different assessments were achieved.
First, intra-deviation was determined by the repeated counting of the LUNA-FX™ Calibration Beads Kit (Cat#
F73101): 10 µl of a 1:1 GF and RF Calibration Bead mixture was counted five times each across four independent
devices (Table 1). Second, inter-device deviation was measured by counting four independent bead slides across
seven different LUNA-FX7™ devices (Table 2). Both the intra- and inter-device evaluation of the LUNA-FX7™
displayed excellent counting reproducibility. Specifically, the intra-device variability for all four devices was 1% or
less for cell concentration, viability, and cell size determination (Figure 3), and the inter-device variability was less
than 2.02% for all parameters in seven different devices.

Table 1. Intra-device variability of the LUNA-FX7™

Table 2. Inter-device variability of the LUNA-FX7™

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.95E+05 53.7 11.5
3 9.97E+05 54.0 11.4
4 9.97E+05 53.9 11.4
5 1.01E+06 54.2 11.4

Average 1.00E+06 53.9 11.4 
St. Dev. 5.97.E+03 0.2 0.1 
CV(%) 0.60% 0.36% 0.48%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.01E+06 54.6 11.5
2 1.00E+06 54.3 11.5
3 1.01E+06 53.1 11.6
4 9.92E+05 53.9 11.5
5 1.01E+06 54.4 11.5

Average 1.00E+06 54.1 11.5 
St. Dev. 8.17.E+03 0.6 0.0 
CV(%) 0.81% 1.10% 0.39%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.87E+05 54.0 11.6
3 9.92E+05 54.1 11.6
4 9.94E+05 54.5 11.8
5 1.01E+06 53.9 11.6

Average 9.97E+05 54.1 11.6 
St. Dev. 8.82.E+03 0.3 0.1 
CV(%) 0.89% 0.50% 0.94%

LUNA-FX™ Calibration Beads, prep #3

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.87E+05 54.0 11.6
2 1.01E+06 54.6 11.6
3 9.97E+05 54.1 11.5
4 1.00E+06 54.6 11.6
5 9.88+05 53.7 11.6

Average 9.99E+05 54.2 11.6 
St. Dev. 9.47.E+03 0.4 0.0 
CV(%) 0.95% 0.73% 0.39%

LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 51.1 11.1
2 1.04E+06 51.1 11.1
3 1.05E+06 52.1 11.2
4 1.05E+06 51.5 11.2
5 1.06E+06 52.6 11.2
6 1.02E+06 51.3 11.0
7 1.04E+06 51.2 11.3

Average 1.04E+06 51.56 11.16 
St. Dev. 1.27.E+04 0.58 0.10 
CV(%) 1.22% 1.12% 0.87%

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.08E+06 49.5 11.0
2 1.07E+06 50.3 11.2
3 1.08E+06 50.2 11.1
4 1.07E+06 50.6 11.1
5 1.06E+06 49.8 11.4
6 1.06E+06 50.2 11.0
7 1.08E+06 49.2 11.4

Average 1.07E+06 49.97 11.17 
St. Dev. 9.00.E+03 0.49 0.17 
CV(%) 0.84% 0.99% 1.53%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.82E+05 50.9 11.2
2 1.00E+06 50.3 11.0
3 9.78E+05 51.1 11.2
4 9.98E+05 51.3 11.1
5 9.89E+05 52.1 11.2
6 9.72E+05 52.4 11.1
7 9.77E+05 51.9 11.2

Average 9.85E+05 51.43 11.14 
St. Dev. 1.08.E+04 0.74 0.08 
CV(%) 1.10% 1.44% 0.71%

LUNA-FX™ Calibration Beads, prep #3 LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 52.5 11.1
2 1.04E+06 52.8 11.0
3 1.05E+06 53.0 11.2
4 1.01E+06 50.8 11.0
5 1.01E+06 51.3 11.2
6 1.02E+06 52.9 11.1
7 1.00E+06 50.6 11.5

Average 1.03E+06 51.99 11.16 
St. Dev. 2.07.E+04 1.05 0.17 
CV(%) 2.02% 2.02% 1.54%

Slide Options for the LUNA-FX7™

Compatible slides

NEW 
LUNA™ 

1-Channel Slides

LUNA™ 
Cell Counting Slides / 

PhotonSlides™

NEW 
LUNA™ 

3-Channel Slides

NEW 
LUNA™ 

8-Channel Slides

Sample throughput 1 sample Up to 2 samples Up to 3 samples Up to 8 samples

Sample loading volume 50 µL 10 µL / chamber 10 µL / chamber 10 µL / chamber

Maximum analysis volume 5.1 µL 1.3 µL / chamber 1.3 µL / chamber 0.5 µL / chamber

Slide Ordering Information

Cat # Product Qty.

L72011 LUNA™ 1-Channel Slides, 50 Slides 1 box

L72012 LUNA™ 1-Channel Slides, 500 Slides 10 boxes

L72013 LUNA™ 1-Channel Slides, Sterile - gamma-irradiated, 500 Slides 10 boxes

L72021 LUNA™ 3-Channel Slides, 50 Slides 1 box

L72022 LUNA™ 3-Channel Slides, 500 Slides 10 boxes

L72023 LUNA™ 3-Channel Slides, Sterile - gamma-irradiated, 500 Slides 10 boxes

L72001 LUNA™ 8-Channel Slides, 50 Slides 1 box

L72002 LUNA™ 8-Channel Slides, 500 Slides 10 boxes

L72003 LUNA™ 8-Channel Slides, Sterile - gamma-irradiated, 500 Slides 10 boxes

L12005 PhotonSlide™, 50 Slides 1 box

L12006 PhotonSlide™, 500 Slides 10 boxes

L12007 PhotonSlide™, 1000 Slides 20 boxes

L12001 LUNA™ Cell Counting Slides, 50 Slides 1 box

L12002 LUNA™ Cell Counting Slides, 500 Slides 10 boxes

L12003 LUNA™ Cell Counting Slides, 1000 Slides 20 boxes
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An analysis of optimal cell counting range 
of the LUNA-FX7™

LOQ, Limit of Quantification, optimal cell counting range, detection range, dynamic range, 
wide range of cell concentrations, counting reliability, convenience, performance

A p p l i c a t i o n N o t e

INTRODUCTION
Most automated cell counters have a reliable detection range of 1.00E+05 to ~1.00E+07 cells/mL1. Sometimes,
though, cell cultures may require cells to be concentrated or diluted to obtain accurate counts. The LUNA-FX7™
Automated Cell Counter provides several slide options that can be used for various augmentations of applications in
cell counting. Here, we demonstrate the highest performance of the LUNA-FX7™ in wide concentration ranges with
HL60 cells and beads. The LUNA-FX7™ ensured reliable cell counting in the dynamic range of 1.00E+04 cells/mL to
2.50E+07 cells/mL, and the dynamic range was even broader when using smaller beads, with an upper limit of
5.03E+07 cells/mL. To determine the accurate counting range in the LUNA-FX7™ slide options, we analyzed
counting results obtained from 1, 2, and 8-channel slides.

MATERIALS AND METHODS

For the LOQ (Limit of Quantification) measurement of the LUNA-FX7™, HL60 cells, the LUNA-FX™ Calibration
Beads Kit (Cat# F73101) and the LUNA™ Fluorescence Calibration Beads (Cat# F23102) were prepared2. The
diameter of the LUNA-FX™ Calibration Beads and the LUNA™ Fluorescence Calibration Beads is 12 μm and 7 μm,
respectively.
HL60 cells of 2.50E+07 cells/mL and the serial dilutions were prepared to be counted in the Brightfield and
Fluorescence Cell Counting modes of the LUNA-FX7™. Prior to counting, the cells were stained with the 0.4%
Trypan Blue Stain (Cat# T13001) and loaded in the 2-channel LUNA™ Cell Counting Slides (Cat# L12001) for
brightfield counting. For fluorescent counting, the Acridine Orange/Propidium Iodide Stain (Cat# F23001) and the 2-
channel PhotonSlide™ (Cat# L12005) were used. The conventional hemocytometer count was performed to cross-
check the count results of the LUNA-FX7™.
For determining the capacity of LOQ ranges of the LUNA-FX7™ Automated Cell Counter, the typical cell size
comparable beads (12 µm) were applied in both the Brightfield and the Fluorescence Cell Counting modes using
three types of slides, 1-channel, 2-channel, and 8-channel slides*1. The default protocols were adopted for all the
counts, and the LOQ ranges were statistically evaluated based on the differences of measured vs. expected counts,
combined with co-efficiency of replications. To further verify the higher concentrations, the beads of 7 µm were
counted on the Fluorescence Cell Counting mode.

LUNA-FX7™ Automated Cell Counter

*1 1-channel: LUNA™ 1-Channel Slides (Cat# L72011), 2-channel: LUNA™ Cell Counting Slides (Cat# L12001) for brightfield counting, PhotonSlide™
(Cat# L12005) for fluorescence counting, 8-channel: LUNA™ 8-Channel Slides (Cat# L72001)
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Figure 1. The comparable counts of HL60 cells: the LUNA-FX7™ vs. a hemocytometer. The comparable cell concentrations (A) and the corresponding
table (B) show comparable cell count values of the LUNA-FX7™ and a hemocytometer. The results in both counting modes of the LUNA-FX7™ are not
significantly different from that of the standard manual count with a hemocytometer.

A B

Comparable HL60 cell counting with the LUNA-FX7™ vs. a hemocytometer
The 2.50E+07 cells/mL of HL60 cells were enumerated in LUNA-FX7™, while the same sample was also manually 
counted with a hemocytometer. Compared to the hemocytometer calculation, the counts with the LUNA-FX7™
exhibited a difference of 5.53% and 5.03%, respectively, in the Brightfield Cell Counting mode and the Fluorescence 
Cell Counting mode (Figure 1). Indeed, the tighter deviations of standard errors indicate that the LUNA-FX7™ is 
more reproducible in counting than the hemocytometer (Figure 1). We also intuitively scrutinized the counting ability 
of the LUNA-FX7™ in serially diluted HL60 cells and the enlarged inlet images reveal that each cell was remarkably 
well tagged, even in the almost occupied field of view with the high concentration of 2.50E+07 cells/mL (Figure 2).

RESULTS

Figure 2. The images of HL60 cell counting in serial dilutions. The brightfield raw images and corresponding fluorescent-tagged images express the
counting status from the concentration of 1.56E+07 cells/mL to 2.50E+07 cells/mL.

Average St. Error Δ (%)*

LUNA-FX7™
BF total mode (TB) 2.51E+07 4.26E+05 5.53 

FL mode (AO/PI) 2.52E+07 5.03E+05 5.03 

Hemocytometer 2.65E+07 9.49E+05 0.00 

* Δ (%) = 𝐹𝐹𝐹𝐹𝐹 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣−𝐻𝐻𝑣𝑣𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑣𝑣𝐻𝐻𝑣𝑣𝐻𝐻
𝐻𝐻𝑣𝑣𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑣𝑣𝐻𝐻𝑣𝑣𝐻𝐻 × 100 (%)0.00E+00
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B

Limit of quantification of the slide options 
When the bead concentration range was tested with 1.00E+03 to 1.00E+08 cells/mL, the R² values of the plots in 
three slide options and the two counting modes were all greater than 0.99. The dynamic ranges of cell 
concentrations, indicated as the blue boxes with dashed lines in Figure 3B, were established where the differences 
between the expected and actual measured values are 10% or less. Among three slide options, the 2-channel slide 
option is comfortable and familiar to use for cell counting, just like using a hemocytometer. The 8-channel slide 
option has the advantage of counting eight samples at once in a high-throughput manner and being compatible with 
multi-channel pipettes. Besides, the 3-channel slides are available to measure the same volume as the 2-channel 
slides, and the LOQ range may be equated with the 2-channel option. Notably, the 1-channel slides, measuring 
larger volume up to 5.1 µL and 47 fields in total, can be most effectively used in the extreme cases of the low or high 
concentration of cells in 1.00E+04 cells/mL to 2.00E+07 cells/mL without the extra labor of concentrating or diluting 
the cell samples. Furthermore, smaller beads can be placed with decent declustering in a higher number; thus, the 7 
µm of dual fluorescent beads were employed and resulted in an even broader comprehensive range of 
concentrations (Figure 4).

Figure 3. The LOQ ranges of slide options. The plots correspond to counting limits of 1-ch, 2-ch, and 8-ch slides in the LUNA-FX7™, and the blue boxes
with dashed lines indicate the suggested ranges of LOQ for the slide option and the mode applied (A). The suggested ranges of LOQ of each slide type
are defined with numbers in the table (B). Specifically, the 1-ch slide shows the most comprehensive range among the three slide options.

1-channel slide 2-channel slide 8-channel slide

Number of fields 47 fields 12 fields 5 fields

LOQ (< 10% of Δ ) 1.00E+04 - 2.50E+07 5.00E+04 - 1.50E+07 1.00E+05 - 1.00E+07

1ch_BF

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9993

2ch_BF

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9951

8ch_BF

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9987

1ch_FL

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9991

2ch_FL

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9970

8ch_FL

2 3 4 5 6 7 8 9
2

3

4

5

6

7

8

9

R2=0.9990

Expected concentration (log10 cells/mL) 

M
ea

su
re

d 
co

nc
en

tra
tio

n 
( l

og
10

ce
lls

/m
L)

 

A
1ch_BF 2ch_BF 8ch_BF

1ch_FL 2ch_FL 8ch_FL

Automated cell counting guide

13

http://www.logosbio.com/


www.logosbio.com

Table 1. Limit of quantification of slide options on brightfield and fluorescence counting.

Figure 4. Limit of quantification of small-sized bead counts. In the smaller bead counting (7 µm), the raw images and the corresponding tagged images in
the Fluorescence Cell Counting mode display more comprehensive ranges to the highest concentration (5.03E+07 cells/mL).

Brightfield counting Fluorescent counting

Lowest conc. Highest conc. Lowest conc. Highest conc.

1-
ch

 s
lid

e

Expected conc. (cells/mL) 1.00.E+04 2.00.E+07 1.00.E+04 2.00.E+07

Measured conc. (cells/mL) 1.02.E+04 1.83.E+07 9.64.E+04 1.84.E+07

St. Dev. 9.17.E+03 4.61.E+05 7.71.E+02 4.34.E+05

CV (%) 9.00% 2.52% 8.00% 2.36%

Δ (%) 1.83% 8.57% 3.64% 8.00%

2-
ch

 s
lid

e

Expected conc. (cells/mL) 5.00.E+04 1.50.E+07 5.00.E+04 1.50.E+07

Measured conc. (cells/mL) 5.110E+04 1.50.E+07 5.28.E+04 1.51.E+07

St. Dev. 4.90.E+03 5.03.E+05 3.76.E+03 5.02.E+05

CV (%) 9.59% 3.35% 7.11% 3.32%

Δ (%) 2.12% 0.11% 5.64% 0.83%

8-
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 s
lid

e

Expected conc. (cells/mL) 1.00.E+05 1.00.E+07 1.00.E+05 1.50.E+07

Measured conc. (cells/mL) 1.09.E+05 1.04.E+07 1.09.E+05 1.55.E+07

St. Dev. 1.02.E+04 5.01.E+04 5.86.E+03 7.29.E+04

CV (%) 9.31% 0.48% 5.37% 0.47%

Δ (%) 9.26% 4.31% 9.09% 3.38%
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5.03E+07 cells/mL 1.04E+07 cells/mL 1.02E+06 cells/mL 1.10E+05 cells/mL

* Δ = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑐𝑐𝑐𝑐𝐸𝐸.−𝑀𝑀𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐸𝐸𝐸𝐸 𝐸𝐸𝑐𝑐𝑐𝑐𝐸𝐸.
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑐𝑐𝑐𝑐𝐸𝐸. × 100 %

Automated cell counting guide

14

http://www.logosbio.com/


www.logosbio.com

For Research Use Only. Not for use in diagnostic procedures. © 2020 Aligned Genetics, Inc. All rights 
reserved. 

Find out more at https://logosbio.com/automated-cell-
counters/fluorescence/luna-fx7

CONCLUSION
The LUNA-FX7™ Automated Cell Counter performed the counting well in a wide range of concentrations in both the
Brightfield and the Fluorescence Cell Counting modes. Expressly, evaluating the LOQ ranges of the typical cell size
has confirmed the utmost concentrations from 1.00E+04 to 2.50E+07 cells/mL (Figure 3B). The detection ability on a
wide concentration range provides more convenient calculation results for the user by directly counting cells without
diluting or concentrating in most cell cultures. Furthermore, we successfully demonstrated counting limits up to
5.03E+07 cells/mL with 7 µm beads. There are possible alterations in the maximum range of LOQ, which may be
affected by cell sizes and other conditions, such as the tendency of the cell clustering or occupancy of counting
fields.
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1 Seo D, Oh S, Lee M, Hwang Y, Seo S. A Field-Portable Cell Analyzer without a Microscope and Reagents. Sensors (Basel). 2017 Dec
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2 Buoro S, Seghezzi M, Manenti B, Mecca T, Candiago E, Vidali M, Ottomano C, Castelli CC, Ferrari R, Zappalà G, Lippi G. Reliability of

automated synovial fluid cell counting with Mindray BC-6800 body fluid mode. Int J Lab Hematol. 2017 Jun;39(3):337-346. doi:

10.1111/ijlh.12632. Epub 2017 Mar 6. PMID: 28263031.
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Incomparable cell size measurement 
with the LUNA-FX7™

Cell size determination, cell health and quality, bioresearch, biomanufacturing, 
precise size gaiting before and after counting, accurate and reliable size measurement

A p p l i c a t i o n N o t e

INTRODUCTION
Cell size may matter in bioresearch. Notably, the intricate correlations between cell size and phenotypic traits such
as stemness features, proliferative ability, and metabolic status are becoming better understood. In more applied
workflows such as biomanufacturing, cell size may be a critical indicator for cell health in assessing batch culture or
source material in cell therapy1. Thus, reliable cell size determinations in automated cell counting have become
valuable output data. The LUNA-FX7™, Logos Biosystems’ newest and most powerful automated cell counter,
provides cell size data. In addition to the standard cell size gating features common to all the LUNA™ Family, the
LUNA-FX7™ counting output includes size determinations in conjunction with each cell viability status. Moreover,
the LUNA-FX7™ has multiple means to analyze and categorize cell populations based on size during and after
counting.

APPLICATION

Accurate measurement of various particle sizes
The six different NIST Traceable Particle Size Standards (10 - 60 µm) were counted in the Brightfield Total Cell
Counting mode of the LUNA-FX7™. The accuracy in determining particle size was 96.7% or more. Conversely, the
cell counter manufactured by a competitor was inaccurate on the particles 10 µm or smaller and 50 µm and larger
(Figure 1).

Figure 1. Size determination of NIST Traceable Particle Size Standards. (A-F) The images show well-tagged particles, indicating the precise
measurement of particle diameter size. (G) The table shows measured particle sizes and the size measuring accuracy of the LUNA-FX7™ and a
competitor's counter.

* Accuracy (%) = (1-| 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚 −𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑝𝑝𝑚𝑚𝑝𝑝𝑝𝑝𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑝𝑝𝑚𝑚𝑝𝑝𝑝𝑝𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚 |) x 100

A B C

D E F

G
NIST LUNA-FX7™ Competitor
Size 
(μm) Size (μm) Accuracy 

(%)* Size (μm) Accuracy 
(%)*

(A) 
NT27N 9.98 9.60 97.2 12.27 77.1

(B) 
NT30N 20.85 20.40 97.8 21.25 98.1

(C) 
NT32N 30.04 30.40 98.5 31.04 96.7

(D) 
NT33N 43.33 41.90 96.7 42.56 98.2

(E) 
NT34N 50.00 49.90 98.8 38.48 77.0

(F) 
#64200 57.43 57.80 98.1 41.00 71.4

Here, we demonstrate the accuracy and reliability of the LUNA-FX7™
in measuring cell size and its precise size gating ability. For evaluating
the accuracy in determining cell size, six different NIST Traceable
Particle Size Standards and two cell lines, AsPC-1 (Pancreatic
carcinoma) and DLD-1 (Colon carcinoma), were counted in the
Brightfield Total Cell Counting mode.

LUNA-FX7™ Automated Cell Counter
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Counting of target particle sizes under mixed conditions
To evaluate the accuracy of size measurement in the LUNA-FX7™, we created a mixture of four NIST Traceable
Particle Size Standards (~10 µm, 20 µm, 40 µm, and 60 µm) in different proportions. Initially, we counted the mixed
particles with a minimum cell size value of 3 µm and maximum cell size value of 60 µm, modified from the default
protocol. After counting, the histogram of cell concentration over cell size was generated, and the NIST Standards
were correctly categorized (Figure 2). The selected size gating was performed and resulted perfect tagging of the
target particle sizes and high accuracy in size measurement of over 96.2% (Figure 3). Also, size gating can be easily
applied in the LUNA-FX7™; by the protocol preset before counting, through the histogram adjusting right after
counting, or reanalysis of stored count data utilizing a protocol with different size parameters.

Figure 2. Precise size determination. (A) The image shows well-tagged particles in various sizes. (B-C) The histogram indicates the exact distribution of
the NIST particles by size.

www.logosbio.com

Figure 3. Specific size gating in the LUNA-FX7™. The tagged images and the histograms show that the target size particles, indicated in orange, are
intensively, selectively, and exclusively detected by gating.

NIST Traceable Particle 
Size Standards (μm)

a 9.98

b 20.85

c 43.33

d 57.43

A B

C

a b c d
a

bc d

NIST Beads 9.98 μm 20.85 μm 43.33 μm 57.43 μm

Tagged Image

Histogram

Gating size 8 μm - 15 μm 15 μm - 25 μm 35 μm - 45 μm 55 μm - 65 μm

Average size 9.70 μm 20.40 μm 41.70 μm 58.40 μm

Size accuracy 97.2% 97.8% 96.2% 98.3%

Total count 3.03E+06 cells/ml 3.98E+05 cells/ml 5.05E+04 cells/ml 2.53E+04 cells/ml

100 μm 100 μm 100 μm 100 μm
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Find out more at https://logosbio.com/automated-cell-
counters/fluorescence/luna-fx7

CONCLUSION
The LUNA-FX7™ has multiple means to measure, differentiate, and determine the size of cell populations. With the
options of pre-defined size gating during counting and after counting, the LUNA-FX7™ provides the flexibility to
assess the health and quality of cell populations. Moreover, the reanalysis feature of the LUNA-FX7™ allows more
extensive evaluations of precious preserved counts for downstream analysis.

REFERENCES
1Björklund, M. (2019). Cell size homeostasis: Metabolic control of growth and cell division. Biochim Biophys Acta Mol Cell Res, 1866(3), 409-

417. doi:10.1016/j.bbamcr.2018.10.002

The counting and size gating application to cell lines
We then counted two cell lines with different size ranges: AsPC-1 (Pancreatic carcinoma) and DLD-1 (Colon
carcinoma). Healthy AsPC-1 cells exhibit a range of 8 - 40 µm, while healthy DLD-1 cells are expected to have a
narrower size range of 10 - 20 µm. The LUNA-FX7™ accurately captures the entire size range of both populations
(Figure 4).

Figure 4. Cell counts and size determinations of AsPC-1 and DLD-1 cells. AsPC-1 (A-C) and DLD-1 (D-F) cell lines were applied to confirm the counting
performance in various mixed sizes.
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F
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Monitoring CAR-T Cell Therapy 
Production Using the LUNA-FX7™

CAR-T cell therapy production, initial WBC, leukapheresis, T cells, CARs 
expressed T cells, final dosing of CAR-T cells, concentration and viability, AO/PI 
staining

A p p l i c a t i o n N o t e

INTRODUCTION
Chimeric Antigen Receptor (CAR) T cell therapy is a personalized immunotherapy often used in combination with
gene-based therapies1. CAR-T cell therapy is a 'living' drug established from a patient's own isolated and engineered
T cells. Since the first FDA approval in 2018, CAR-T therapies have achieved 80% in remission rates for
hematologic malignancy patients2. As with all adoptive cell therapies, the production of autologous or allogeneic
CAR-T therapies is a complicated biomanufacturing process that requires strict adherence to regulatory and QA/QC
guidelines. To ensure the safety, quality, and efficacy of the final product, cell health and viability must be evaluated
and monitored throughout the process of development and bioprocessing workflows.
Here, we demonstrate how the LUNA-FX7™ may be used to monitor and evaluate cell health at critical stages in the
CAR-T process: 1) Collection of the primary source material, 2) Post-Leukapheresis, 3) Isolation / Activation, 4)
Expansion, and 5) Production. Curocell Inc., a leading company developing innovative anti-cancer immune therapy
in Korea, kindly provided cell count data of two samples randomly selected from each stage of the CAR-T cell
production (Figure 1). Cell counts were performed with the LUNA-FX7™ in fluorescent cell counting mode using the
nucleic acid stains Acridine Orange and Propidium Iodide (AO/PI, Cat# F23001, Logos Biosystems). In brief, for
each count, 2 µl of pre-mixed AO/PI solution was combined with 18 µl of cells, loaded into a 2-, 3-, or 8-channel slide,
and counted utilizing the autofocus feature. For the final dosing determinations, the LUNA™ 1-Channel Slides (Cat#
L72011) with an analysis volume of 5.1 µl (>10X volume of most automated volumes) were used.

Figure 1. Each step of CAR-T cell production for clinical drugs needs to be characterized by purposely designed cell formulations and defined cell
concentration and viability using the LUNA-FX7™ Automated Cell Counter.
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1. Initial WBC concentration and viability from a whole blood sample
After initial blood collection and prior to leukapheresis, cells were diluted 1:100 with 1X PBS for counting on the
LUNA-FX7™. Despite the fact that white blood cells (WBC) comprise only 2% of a whole blood population, Figure 2
shows how the LUNA-FX7™ can easily differentiate nucleated cells from anucleated cells (i.e. RBC) in a
heterogeneous population.

Table 1. Protocol parameter settings for CAR-T cells in Fluorescence Cell Counting mode

Protocol Parameter Value

GF exposure level (0.1-10) 5

RF exposure level (0.1-10) 5

Cell size calculation (BF/FL) FL*

Min. cell size (1-89 µm) 4*

Max. cell size (2-90 µm) 70

GF threshold level (1-10) 5

RF threshold level (1-10) 5

* Changed from the DEFAULT values.

APPLICATION

Figure 2. Cell concentration and viability of WBC in whole blood samples. Prior to leukapheresis, a whole blood sample was diluted 1:100 with PBS,
stained with AO/PI, and counted. Tiled images of Brightfield (BF), Green channel (GF), and Red channel (RF) (A). Overlay images of tagged (live/dead
nucleated cells) images (B, C). Total WBC cell numbers and viability of the 1/100 diluted blood (D). The protocol settings are shown in Table 1.

Total leukocyte conc. (ml-1) 6.43E+04

Live leukocyte conc. (ml-1)
6.34E+04

Viability (%) 98.6

A B C

D

2. Isolation of WBC by Leukapheresis
Leukapheresis is the process of separating WBCs from the whole blood. Figures 3 shows the viability of 2 different
samples. RBCs were not seen in either sample, but some cell debris may still be observed. Here again, the LUNA-
FX7™ can easily distinguish between cells and cellular or non-cellular debris, minimizing the possibility of counting
false positives.
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3. T cell isolation and activation
After leukapheresis, T cells are further isolated and then activated, yielding a homogenous T cell population. At this
stage, there is a marked contrast in the quality of samples (Figure 4).

Figure 3. Cell concentration and viability post-leukapheresis. WBC samples counted post-leukapheresis and BF, GF, and RF raw images (A), FL tagged
image, and the magnified image (B, C). Two samples were evaluated and the cell concentration and viability were plotted. (D, E). The protocol settings
are shown in Table 1.
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4. CARs-expressed T cells
The isolated and activated T cells are transduced through retroviruses to produce the chimeric
antigen receptors (CARs). After transduction, the newly engineered CAR-T cells are expanded ex
vivo. Figure 5 shows cell viability and numbers of expanded CAR-T cells.

Figure 4. Cell concentration and viability post isolation and activation. T cells were counted post isolation and activation, and BF, GF, and RF raw
images (A), and FL tagged image, and enlarged image (B, C). The false-positive debris can be eliminated by a minimum cell size setting (D). Two
samples were evaluated and the cell concentration and viability were plotted (E, F). The protocol settings are shown in Table 1.
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Figure 5. Cell concentration and viability after expansion of CAR-T cells. The raw and tagged images (A, B, C) and the cell concentration and viability (D,
E) of CAR-T cell samples. The protocol settings are shown in Table 1.
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5. The final CAR-T cell product
Expanded CAR-T cells are cryopreserved and evaluated for appropriate dosing. Figure 6 shows the viability and
concentration of 2 samples with different cell viability.

For Research Use Only. Not for use in diagnostic procedures. © 2020 Aligned Genetics, Inc. All rights 
reserved. 

Find out more at https://logosbio.com/automated-cell-
counters/fluorescence/luna-fx7

Figure 6. Cell concentration and viability of CAR-T cell final products. Tagged images of the low-viability sample (A) and the high-viability sample (B) and
the corresponding cell concentration and viability (C, D). The protocol settings are shown in Table 1.

CONCLUSION
From the initial collection of primary source material to final dosing determinations, the LUNA-FX7™ provides the
required accuracy and flexibility for monitoring cell health and viability through the entire CAR-T process.
Furthermore, in conjunction with pre-set validation slides, internal QC software, and optional 21 CFR Part 11-
compliant software, ensures that the rigorous QC and regulatory guidelines are met and maintained.

REFERENCES
1 Poorebrahim M, Sadeghi S, Fakhr E, et al. Production of CAR T-cells by GMP-grade lentiviral vectors: latest advances and future prospects.

Crit Rev Clin Lab Sci. 2019;56(6):393-419. doi:10.1080/10408363.2019.1633512

2 Zhang C, Liu J, Zhong JF, Zhang X. Engineering CAR-T cells. Biomark Res. 2017;5:22. Published 2017 Jun 24. doi:10.1186/s40364-017-
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Bioprocess analysis with the LUNA-
FX7™

Bioprocess monitoring, biomanufacturing, cell therapies, bioactive production
automatic calculation, elapsed time, growth rate, doubling time, growth curves

A p p l i c a t i o n N o t e

INTRODUCTION
The biomanufacturing industry is experiencing rapid growth due to improvements in cell therapies, such as CAR-T
cell therapy, and increasing bioactive production1. It is expected to grow at least 12 to 17% annually over the next
decade2. In response to these demands, biomanufacturers have been expanding the production capacity while
maintaining quality and regulatory compliance. Furthermore, it is even more critical to monitor cell growth and health
accurately while managing multiple cell batches. To provide biomanufacturers with the flexibility, accuracy, and
power to accommodate these analysis demands, we recently developed the LUNA-FX7™ Automated Cell Counter.

The LUNA-FX7™ Automated Cell Counter provides a new bioprocess monitoring feature as well as a Quality Control
mode with unique validation slides that can be utilized for quality outcomes. The Bioprocess feature enables
scientists to monitor, record, and analyze an individual batch of bioprocessing activities. Once counting is performed
under the Bioprocess mode, the LUNA-FX7™ automatically generates growth rates, cell doubling time, and trend
charts. Furthermore, complete cell counting data may easily be saved and transferred via a USB flash drive, Wi-Fi,
or Ethernet. Notably, the 21 CFR Part 11-compliant "CountWire™" software packages allow more advanced remote
access and data management for multiple LUNA-FX7™ devices connected to the same network. By providing a
convenient means to trace individual batches and monitor various operations securely, the LUNA-FX7™ can
facilitate a more efficient workflow. Here, we demonstrate how the LUNA-FX7™ monitors the cell growth of three
suspension cell lines using the Bioprocess option. Each cell line was applied to the three counting modes,
Fluorescence Cell Counting mode, Bright Field Total Cell Counting mode, and Bright Field Cell Counting & Viability
mode.

MATERIALS AND METHODS

Cell preparation and counting of batch run simulation
Three suspension cell lines, HL60, K562, and U937, were used in this assessment. All cell lines were grown in RPMI
1640 culture media supplemented with 10% fetal bovine serum (100 units/mL). Batch runs were simulated by
seeding 10 mL of initial concentrations at 6 x 104 cells/mL in 100 mm cell culture dishes and grown for seven days.
During batch runs, counts were performed twice a day for all seven days utilizing the Bioprocess feature. For each
count, 100 µl of cells were sampled. Each sample was counted via three different cell counting modes: Fluorescence
Cell Counting mode, Bright Field Total Cell Counting mode, and Bright Field Cell Counting & Viability mode. For
brightfield viable cell counting, a 1:1 mix of 0.4% Trypan blue stain (Cat# B13101) was used. For fluorescent cell
counting, a 2:18 mix of Acridine Orange/Propidium Iodide (AO/PI) (Cat# F23001) was used.

Bioprocess operations
The LUNA-FX7™, the most advanced model in the LUNA™ family comes equipped with the Bioprocess software
plus an expanded 1 TB hard drive. First, a unique protocol name for an individual batch is assigned to start the
bioprocesses monitoring. In this manner, multiple batches can easily be monitored and stored. For this
demonstration, the three protocols for bioprocess monitoring were named as the cell lines - HL60, K562, and U937*1,
respectively.

*1 As the three cell lines have shown almost the same trends, the detailed bioprocess data of HL60 is representatively selected and presented in this 
application note.
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Actual protocol parameters may be customized to specific cell lines or remain unchanged. Here, the default protocol 
parameters were used for all cell lines. Prior to counting, the assigned protocol for a specific batch is loaded. For 
each counting, load the target protocol for the bioprocess, count the cells, and save the results with a check on the 
Bioprocess saving option. The LUNA-FX7™ automatically calculates the growth rate and the doubling time, 
generating updated growth curves for individual batches based on the counting in the last two intervals (Figure 1). 
The on-screen chart is flexible; the y-axis can be toggled to total cell concentration, viable cell concentration, and 
viability; simultaneously, the x-axis is changeable to time, date, and month (More details in the User Manual).

Figure 1. On-screen growth chart and results of the K562 cell in the Bioprocess Review. (A) The growth chart is showing the cumulative results of cell
concentration over date. (B) Summarized results show the start date, the number of measurements, current growth rate, doubling time, current
concentration, and viability.

A B

Data visualization and extrapolation
The LUNA-FX7™ automatically records and calculates bioprocess indicators such as growth rate, viability, and
doubling time. Thus, the report is generated including the trend charts of the data and tables of cell counting status
(Figure 2). Further, the cell status also includes cumulative tracking at each time point, along with immediate or
overall cell growth rates. The data can be exported as a CSV file for further analysis if needed (Table 1).

Table 1. The report in Fluorescence Cell Counting Mode. The example CSV report from the HL60 batch run. The report contains date, time, 
concentration and viability. The data of escape time, growth rate, and doubling time are calculated from the last count (Blue shadows) and the run's total 
time (Green shadows).  

*Growth rate per hour = (LN V2 - LN V1) / (t2 - t1)
**Doubling time in hours = LN V2 / Growth rate per hour
LN = Natural log, 
t1, t2 = Unit of hour, 
V1 = Cell concentration in cells/mL at elapsed time t1 in hours, 
V2 = Cell concentration in cells/mL at elapsed time t2 in hours
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Figure 2. Bioprocessing data output. Images and charts from fluorescent counting of
HL60 cells during a 136-hour batch run. (A) Tagged images at each sampling of the
batch run. (B) The plots of cell concentration and viability curves over date were
accordingly generated in the LUNA-FX7™.

A

For Research Use Only. Not for use in diagnostic procedures. © 2020 Aligned Genetics, Inc. All rights 
reserved. 
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CONCLUSION
The Bioprocess feature of the LUNA-FX7™ reduces unnecessary effort by automating the monitoring, recording,
and analysis of status indicators such as cell growth and viability. Here, we show that the LUNA-FX7™ can apply
three different counting modes simultaneously. Remarkably, the automated calculation of doubling time, growth rate,
and viability status provided near-real-time information to monitor and forecast bioprocess production timelines
reliably and accurately.

REFERENCES
1 Joubert S, Dodelet V, Béliard R, Durocher Y. La bioproduction des anticorps monoclonaux [Biomanufacturing of monoclonal antibodies].

Med Sci (Paris). 2019;35(12):1153-1159. doi:10.1051/medsci/2019219

2 Aijaz A, Li M, Smith D, et al. Biomanufacturing for clinically advanced cell therapies. Nat Biomed Eng. 2018;2(6):362-376.

doi:10.1038/s41551-018-0246-6
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Rapid evaluation of PBMC counting 
and viability

Peripheral Blood Mononuclear Cells (PBMC), rapid evaluation, concentration and viability
AO/PI staining, dual fluorescence, 1, 2, 3, 8-channel slide options 

A p p l i c a t i o n N o t e

INTRODUCTION
Peripheral Blood Mononuclear Cells (PBMCs) are a vital source material used in myriad research applications, from
single-cell sequencing to vaccine development and toxicological studies. Furthermore, PBMC derivatives such as T
cells, B cells, NK cells, and stem cells are based on cell therapies, including CAR-T cell therapies and regenerative
medicines. Therefore, accurately measuring numbers and viability of PBMCs after collection, isolation, or expansion
are essential to making experimental or manufacturing decisions about downstream processes. Yet, directly
obtaining leukocyte counts in whole blood using traditional counting techniques is complicated by the presence of
mature, anucleated RBCs and platelets. Advantageously, the use of nucleic acid stains like Acridine Orange and
Propidium Iodide (AO/PI) allow the nucleated leukocytes to be differentiated and accurately counted within a whole
blood sample (Figure 1). Here, we exhibit the ability of the new dual fluorescent LUNA-FX7™ Automated Cell
Counter to meet diverse cell counting needs by demonstrating its use in counting leukocytes in whole blood and the
PBMCs isolated from whole blood samples.

Figure 1. Diluted whole blood and PBMC-enriched buffy coat stained using
AO/PI fluorescent dye. The microscopic overlay images of the whole blood
stained with AO/PI (A,C), and PBMCs from enriched buffy coat stained with
AO/PI (B,D) were acquired using the CELENA® X High Content Imaging
System with a 20X fluorite objective (www.logosbio.com). The yellow arrows
indicate nucleated cells in AO/PI positive stained cells, while the red arrows
indicate RBCs. The scale bar is 100 µm.
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One milliliter of the human peripheral blood sample was prepared, and the PBMC sample was obtained by standard 
density gradient centrifugation technique using Histopaque-1083 (Sigma, #10831)1. After final washing, the PBMCs 
enriched in the buffy coat were resuspended in 100 µl PBS or RPMI +10% FBS media. Cell counts were performed 
in

MATERIAL AND METHODS

LUNA-FX7™ Automated Cell Counter
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the LUNA-FX7™ with either the 2-channel PhotonSlide™ (Cat# L12005) or LUNA™ 8-Channel Slides (Cat# F72001) 
and used a modified default protocol in the Fluorescence Cell Counting mode (Table 1).  Before loading the cells, 
cells were stained at the standard ratio of the AO/PI reagent (Cat# F23001), 18 µl of cells + 2 µl of AO/PI, and then 
10 µl of the mix was loaded into a slide chamber.

Evaluating the PBMC concentration and viability with the LUNA-FX7™
The separated PBMCs were analyzed by counting a series of 2-fold dilutions using both the 8-channel and 2-
channel slides (Figure 2). The counts using both slide types showed linearity with an R-square value of 0.99 or
above on the logarithmic scale of concentrations over the serial dilutions. Not surprisingly, with a greater volume of
analysis, the 2-channel slide showed slightly better consistency than the 8-channel slide.

Table 1. The optimized parameter settings for PBMC or leukocytes counting of the LUNA-FX7™ on Fluorescence Cell Counting mode

Counting mode Fluorescence Cell Counting

GF exposure level 5

RF exposure level 5

Cell size calculation FL*

Min. cell size 4*

Max. cell size 70

GF threshold level 5

RF threshold level 5

Dilution factor 1.11

* Changed from the DEFAULT values.

RESULTS

Tagging (FL)

Tagging (BF)

1:32 dilution 1:8 dilution 1:2 dilution
A
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Figure 2. The linearity of counting in serial dilutions of PBMCs. (A) Tagged (live or dead) fluorescent and brightfield overlay of several dilutions. (B) Bar
graph showing the results of 5 serial dilutions. (C) The logarithmic scale of the counts over the dilutions using both 2-channel and 8-channel slides down
to concentrations less than 4.00E+04 cells/ml. The scale bar represents 100 µm.
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The easy counting of leukocytes in whole blood
The leukocytes in whole blood were visualized by fluorescence and also accurately enumerated with the LUNA-
FX7™. Among countless mature RBCs, the fluorescence leukocytes were distinctively counted from diluted whole
blood (Figure 3).
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Figure 3. The leukocyte count of whole blood in Fluorescent Cell Counting mode on the LUNA-FX7TM. (A) Tagged leukocyte images of fluorescent and
brightfield overlay in serial dilutions of whole blood samples. (B) Bar graph displaying counting of 5 serial dilutions from 1:40 to 1:640 of whole blood cells.
(C) The linearity of counts appears across concentration on both 2-channel and 8-channel slides. The scale bar represents 100 µm.
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CONCLUSION
The enumeration of PBMCs was evaluated adequately on the LUNA-FX7™ Automatic Cell Counter with the 2-
channel PhotonSlide™ and LUNA™ 8-Channel Slides. With more slide options for the LUNA-FX7™, LUNA™ 1-
Channel Slides (Cat# L72011) may be applied for a more comprehensive concentration range by analyzing 47
image fields, and LUNA™ 3-Channel Slides (Cat# L72021) enable counting in triplicate. Indeed, leukocyte counting
is much more straightforward by loading the diluted blood after AO/PI fluorescence staining. So, you can use the
LUNA-FX7™ to enumerate PBMCs and achieve accurate leukocyte counts without intensive labor.

REFERENCES
1 S Parasuraman, R Raveendran, and R Kesavan Blood sample collection in small laboratory animals J Pharmacol Pharmacother. 2010 Jul-

Dec; 1(2): 87–93. doi: 10.4103/0976-500X.72350

For Research Use Only. Not for use in diagnostic procedures. © 2020 Aligned Genetics, Inc. All rights 
reserved. 

Find out more at https://logosbio.com/automated-cell-
counters/fluorescence/luna-fx7

Automated cell counting guide

30

http://www.logosbio.com/
https://logosbio.com/automated-cell-counters/fluorescence/luna-fx7
https://logosbio.com/automated-cell-counters/fluorescence/luna-fx7


The LUNA™ Family

Logos Biosystems’ LUNA™ Family has been awarded a Platinum Seal of Quality by SelectScience®, having received 
over 200 reviews from scientists around the world – making it only the sixth product in history to win a Platinum Seal of 
Quality since the program started in 2017.

The entire LUNA™ Family is designed to offer incredible speed, accuracy and reliability in cell counting, and these 
instruments are now installed in leading research institutions worldwide and loved by many scientists. 

The first member of the LUNA™ Family was the LUNA™ Automated Cell Counter, launched in 2012. It is our first clas-
sic brightfield cell counter with manual focus. In addition to a cell count, it can discern live cells from dead cells using 
dye exclusion methods such as trypan blue and provide statistical information on cell size.

The next product, launched in 2013, is the LUNA-FL™ Dual Fluorescence Cell Counter. Fluorescence cell counters can 
differentiate live and dead cells, as well as perform a cell count by using common stains such as acridine orange and 
propidium iodide. They are superior at counting cells in cultures that may be contaminated with non-cell debris, such as 
primary cells.

In 2014, the LUNA-II™ Automated Cell Counter, the brightfield cell counter equipped with fast and precise autofocus, 
was added. And the LUNA-FX7™ Automated Cell Counter, the most advanced automated cell counter among the 
LUNA™ Family, was launched in 2020. It is an autofocus dual fluorescence cell counter with unmatched cell counting 
accuracy, higher throughput, state-of-the-art optics, and advanced software.

Logos Biosystems’ Automated Cell Counters

LUNA™ 
Automated Cell 

Counter

LUNA-II™ 
Automated Cell 

Counter

LUNA-FL™ 
Dual 

Fluorescence
Cell Counter

LUNA-STEM™ 
Automated 

Fluorescence 
Cell Counter

LUNA-FX7™ 
Automated Cell 

Counter

LUNA-II YF™ 
Automated 
Yeast Cell 
Counter

QUANTOM Tx™ 
Microbial Cell 

Counter

Main Features

Affordable cell 
counter with 

manual focus.

Most affordable 
cell counter.

Versatile and 
affordable 

fluorescence 
cell counter with 
manual focus.

Fluorescence 
cell counter 
specialized 

for SVF 
derived- cells.

An excellent 
choice for higher 
throughput and/

or regulatory 
needs.

Affordable yeast 
cell counter.

Image-based 
bacterial cell 

counter.

Table continues on next page ➜
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Intra- and Inter- Device Deviation of the LUNA-FX7™ Automated Cell Counter 
Counting reproducibility is essential for downstream applications of cultured cells. Demonstrating the consistency
and reproducibility of the LUNA-FX7™, which provides reliable results, two different assessments were achieved.
First, intra-deviation was determined by the repeated counting of the LUNA-FX™ Calibration Beads Kit (Cat#
F73101): 10 µl of a 1:1 GF and RF Calibration Bead mixture was counted five times each across four independent
devices (Table 1). Second, inter-device deviation was measured by counting four independent bead slides across
seven different LUNA-FX7™ devices (Table 2). Both the intra- and inter-device evaluation of the LUNA-FX7™
displayed excellent counting reproducibility. Specifically, the intra-device variability for all four devices was 1% or
less for cell concentration, viability, and cell size determination (Figure 3), and the inter-device variability was less
than 2.02% for all parameters in seven different devices.

Table 1. Intra-device variability of the LUNA-FX7™

Table 2. Inter-device variability of the LUNA-FX7™

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.95E+05 53.7 11.5
3 9.97E+05 54.0 11.4
4 9.97E+05 53.9 11.4
5 1.01E+06 54.2 11.4

Average 1.00E+06 53.9 11.4 
St. Dev. 5.97.E+03 0.2 0.1 
CV(%) 0.60% 0.36% 0.48%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.01E+06 54.6 11.5
2 1.00E+06 54.3 11.5
3 1.01E+06 53.1 11.6
4 9.92E+05 53.9 11.5
5 1.01E+06 54.4 11.5

Average 1.00E+06 54.1 11.5 
St. Dev. 8.17.E+03 0.6 0.0 
CV(%) 0.81% 1.10% 0.39%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.87E+05 54.0 11.6
3 9.92E+05 54.1 11.6
4 9.94E+05 54.5 11.8
5 1.01E+06 53.9 11.6

Average 9.97E+05 54.1 11.6 
St. Dev. 8.82.E+03 0.3 0.1 
CV(%) 0.89% 0.50% 0.94%

LUNA-FX™ Calibration Beads, prep #3

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.87E+05 54.0 11.6
2 1.01E+06 54.6 11.6
3 9.97E+05 54.1 11.5
4 1.00E+06 54.6 11.6
5 9.88+05 53.7 11.6

Average 9.99E+05 54.2 11.6 
St. Dev. 9.47.E+03 0.4 0.0 
CV(%) 0.95% 0.73% 0.39%

LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 51.1 11.1
2 1.04E+06 51.1 11.1
3 1.05E+06 52.1 11.2
4 1.05E+06 51.5 11.2
5 1.06E+06 52.6 11.2
6 1.02E+06 51.3 11.0
7 1.04E+06 51.2 11.3

Average 1.04E+06 51.56 11.16 
St. Dev. 1.27.E+04 0.58 0.10 
CV(%) 1.22% 1.12% 0.87%

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.08E+06 49.5 11.0
2 1.07E+06 50.3 11.2
3 1.08E+06 50.2 11.1
4 1.07E+06 50.6 11.1
5 1.06E+06 49.8 11.4
6 1.06E+06 50.2 11.0
7 1.08E+06 49.2 11.4

Average 1.07E+06 49.97 11.17 
St. Dev. 9.00.E+03 0.49 0.17 
CV(%) 0.84% 0.99% 1.53%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.82E+05 50.9 11.2
2 1.00E+06 50.3 11.0
3 9.78E+05 51.1 11.2
4 9.98E+05 51.3 11.1
5 9.89E+05 52.1 11.2
6 9.72E+05 52.4 11.1
7 9.77E+05 51.9 11.2

Average 9.85E+05 51.43 11.14 
St. Dev. 1.08.E+04 0.74 0.08 
CV(%) 1.10% 1.44% 0.71%

LUNA-FX™ Calibration Beads, prep #3 LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 52.5 11.1
2 1.04E+06 52.8 11.0
3 1.05E+06 53.0 11.2
4 1.01E+06 50.8 11.0
5 1.01E+06 51.3 11.2
6 1.02E+06 52.9 11.1
7 1.00E+06 50.6 11.5

Average 1.03E+06 51.99 11.16 
St. Dev. 2.07.E+04 1.05 0.17 
CV(%) 2.02% 2.02% 1.54%

Cell Types

Stable cell lines            Stable cell lines            

Cell lines
Primary cells
Blood cells

PBMCs
Splenocyte
Thymocyte
Yeast cells

GFP expressing 
cells

Stem cells
SVF-derived 

cells
• Nucleated

• Non-nucleated

Cell lines
Primary cells
Whole blood

PBMCs
Splenocyte
Thymocyte
Yeast cells

Yeast cells Bacterial cells

Detection Method

Brightfield Brightfield
Dual 

fluorescence
Brightfield

Dual 
fluorescence

Dual 
fluorescence

Brightfield

Dual 
fluorescence Fluorescence

Compatible Dyes

Trypan blue
Erythrosin B

Trypan blue
Erythrosin B

Trypan blue
Erythrosin B

Acridine orange
Propidium 

iodide
Fluorescein 
diacetate

Acridine orange
Propidium 

iodide

Trypan blue
Erythrosin B

Acridine orange
Propidium 

iodide
Fluorescein 
diacetate

Acridine orange
Propidium 

iodide
Fluorescein 
diacetate

QUANTOM™ 
Total Cell 

Staining Kit
QUANTOM™ 

Viable Cell 
Staining Kit

Recommended Slide Options

LUNA™ Cell 
Counting Slides

LUNA™ 
Reusable Slide

LUNA™ Cell 
Counting Slides

LUNA™ 
Reusable Slide

PhotonSlide™
LUNA™ 

Reusable Slide

PhotonSlide™
LUNA™ 

Reusable Slide

PhotonSlide™
LUNA™ 

1-Channel Slide
LUNA™ 

3-Channel Slide
LUNA™ 

8-Channel Slide

PhotonSlide™
LUNA™ 

Reusable Slide

QUANTOM™ 
M50 Cell 

Counting Slides

Focusing Options

Manual focus
Autofocus

Manual focus
Manual focus Manual focus

Autofocus
Manual focus

Autofocus
Manual focus

Autofocus
Manual focus

Counting Volume/Chamber

0.5 µL 0.5 µL 0.5 µL 0.5 µL 0.5 - 5.1 µL 
by slide types 0.5 µL < 0.1 µL 

(10 images)

Counting Speed

< 10 s 
(manual focus)

< 10 s 
(manual focus)

< 15 s 
(autofocus)

< 10 s 
(brightfield)

< 30 s 
(fluorescence)

< 30 s

< 20 s 
(brightfield, with 

autofocus, 
12 images)

< 40 s 
(fluorescence, 
with autofocus, 

12 images)

< 10 s 
(manual focus)

< 15 s 
(autofocus)

< 30 s 
(autofocus, 
10 images)

Table continues on next page ➜
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Intra- and Inter- Device Deviation of the LUNA-FX7™ Automated Cell Counter 
Counting reproducibility is essential for downstream applications of cultured cells. Demonstrating the consistency
and reproducibility of the LUNA-FX7™, which provides reliable results, two different assessments were achieved.
First, intra-deviation was determined by the repeated counting of the LUNA-FX™ Calibration Beads Kit (Cat#
F73101): 10 µl of a 1:1 GF and RF Calibration Bead mixture was counted five times each across four independent
devices (Table 1). Second, inter-device deviation was measured by counting four independent bead slides across
seven different LUNA-FX7™ devices (Table 2). Both the intra- and inter-device evaluation of the LUNA-FX7™
displayed excellent counting reproducibility. Specifically, the intra-device variability for all four devices was 1% or
less for cell concentration, viability, and cell size determination (Figure 3), and the inter-device variability was less
than 2.02% for all parameters in seven different devices.

Table 1. Intra-device variability of the LUNA-FX7™

Table 2. Inter-device variability of the LUNA-FX7™

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.95E+05 53.7 11.5
3 9.97E+05 54.0 11.4
4 9.97E+05 53.9 11.4
5 1.01E+06 54.2 11.4

Average 1.00E+06 53.9 11.4 
St. Dev. 5.97.E+03 0.2 0.1 
CV(%) 0.60% 0.36% 0.48%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.01E+06 54.6 11.5
2 1.00E+06 54.3 11.5
3 1.01E+06 53.1 11.6
4 9.92E+05 53.9 11.5
5 1.01E+06 54.4 11.5

Average 1.00E+06 54.1 11.5 
St. Dev. 8.17.E+03 0.6 0.0 
CV(%) 0.81% 1.10% 0.39%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.87E+05 54.0 11.6
3 9.92E+05 54.1 11.6
4 9.94E+05 54.5 11.8
5 1.01E+06 53.9 11.6

Average 9.97E+05 54.1 11.6 
St. Dev. 8.82.E+03 0.3 0.1 
CV(%) 0.89% 0.50% 0.94%

LUNA-FX™ Calibration Beads, prep #3

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.87E+05 54.0 11.6
2 1.01E+06 54.6 11.6
3 9.97E+05 54.1 11.5
4 1.00E+06 54.6 11.6
5 9.88+05 53.7 11.6

Average 9.99E+05 54.2 11.6 
St. Dev. 9.47.E+03 0.4 0.0 
CV(%) 0.95% 0.73% 0.39%

LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 51.1 11.1
2 1.04E+06 51.1 11.1
3 1.05E+06 52.1 11.2
4 1.05E+06 51.5 11.2
5 1.06E+06 52.6 11.2
6 1.02E+06 51.3 11.0
7 1.04E+06 51.2 11.3

Average 1.04E+06 51.56 11.16 
St. Dev. 1.27.E+04 0.58 0.10 
CV(%) 1.22% 1.12% 0.87%

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.08E+06 49.5 11.0
2 1.07E+06 50.3 11.2
3 1.08E+06 50.2 11.1
4 1.07E+06 50.6 11.1
5 1.06E+06 49.8 11.4
6 1.06E+06 50.2 11.0
7 1.08E+06 49.2 11.4

Average 1.07E+06 49.97 11.17 
St. Dev. 9.00.E+03 0.49 0.17 
CV(%) 0.84% 0.99% 1.53%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.82E+05 50.9 11.2
2 1.00E+06 50.3 11.0
3 9.78E+05 51.1 11.2
4 9.98E+05 51.3 11.1
5 9.89E+05 52.1 11.2
6 9.72E+05 52.4 11.1
7 9.77E+05 51.9 11.2

Average 9.85E+05 51.43 11.14 
St. Dev. 1.08.E+04 0.74 0.08 
CV(%) 1.10% 1.44% 0.71%

LUNA-FX™ Calibration Beads, prep #3 LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 52.5 11.1
2 1.04E+06 52.8 11.0
3 1.05E+06 53.0 11.2
4 1.01E+06 50.8 11.0
5 1.01E+06 51.3 11.2
6 1.02E+06 52.9 11.1
7 1.00E+06 50.6 11.5

Average 1.03E+06 51.99 11.16 
St. Dev. 2.07.E+04 1.05 0.17 
CV(%) 2.02% 2.02% 1.54%

Adjustable Protocol Parameters

Cell size
Declustering
Dilution factor
Live detection 

sensitivity
Noise reduction

Roundness

Cell size
Declustering
Dilution factor

Live cell 
sensitivity

Noise reduction
Roundness

Cell size
Dilution factor
Fluorescence 

threshold
Live detection 

sensitivity
Noise reduction

Roundness

Cell size
Dilution factor
Fluorescence 

threshold
Noise reduction

Roundness

Search size 
(BF) / Cell 
size (FL)
Cell size 

calculation
Dilution factor
Cell detection 

sensitivity
Live cell 

sensitivity
Noise reduction
Fluorescence 

exposure
Fluorescence 

threshold

Fluorescent 
object size

Dilution factor
Fluorescence 

exposure
Light intensity

Fluorescent 
object size

Dilution factor
Roundness
Declustering

Multi-field 
imaging

Additional Features

Cell size gating
Cluster map

Dilution 
calculator

Review previous 
count results
Autoexposure

Cell size gating
Cluster map

Dilution 
calculator

Review previous 
count results
Autoexposure

GFP expression 
analysis

Cell size gating
Cluster map

Dilution 
calculator

Review previous 
count results
Autoexposure

Cell size gating
Cluster map

Dilution 
calculator

Review previous 
count results

Cell size gating
Cluster map

Dilution 
calculator

Review previous 
count results
Bioprocess

Quality control
Reanalysis

Autoexposure

Fluorescent 
object size 

gating
Dilution 

calculator
Review previous 

count results

Fluorescent 
object size 

gating
Dilution 

calculator
Review previous 

count results
Reanalysis

IQOQ Protocol

Yes Yes Yes Yes Yes - Yes

21 CFR Part 11 ready

- - - - Yes 
(CountWire™) - -

Saving Options

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Bioprocess/ 
Quality control 

(Onboard, CSV, 
PNG graph 

images)

Cell count and 
viability data 

(CSV)
Raw image 

(TIF)
Analyzed image 
(annotated TIF)

Full report 
(PDF)

Cell count data 
(CSV)

Raw image 
(TIF)

Analyzed image 
(annotated TIF)

Full report 
(PDF)

Data Transfer

USB memory 
stick

USB memory 
stick

USB memory 
stick

USB memory 
stick

USB memory 
stick, WiFi, 
Ethernet

USB memory 
stick

USB memory 
stick, WiFi
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Figure 3. The leukocyte count of whole blood in Fluorescent Cell Counting mode on the LUNA-FX7TM. (A) Tagged leukocyte images of fluorescent and
brightfield overlay in serial dilutions of whole blood samples. (B) Bar graph displaying counting of 5 serial dilutions from 1:40 to 1:640 of whole blood cells.
(C) The linearity of counts appears across concentration on both 2-channel and 8-channel slides. The scale bar represents 100 µm.
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CONCLUSION
The enumeration of PBMCs was evaluated adequately on the LUNA-FX7™ Automatic Cell Counter with the 2-
channel PhotonSlide™ and LUNA™ 8-Channel Slides. With more slide options for the LUNA-FX7™, LUNA™ 1-
Channel Slides (Cat# L72011) may be applied for a more comprehensive concentration range by analyzing 47
image fields, and LUNA™ 3-Channel Slides (Cat# L72021) enable counting in triplicate. Indeed, leukocyte counting
is much more straightforward by loading the diluted blood after AO/PI fluorescence staining. So, you can use the
LUNA-FX7™ to enumerate PBMCs and achieve accurate leukocyte counts without intensive labor.
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Intra- and Inter- Device Deviation of the LUNA-FX7™ Automated Cell Counter 
Counting reproducibility is essential for downstream applications of cultured cells. Demonstrating the consistency
and reproducibility of the LUNA-FX7™, which provides reliable results, two different assessments were achieved.
First, intra-deviation was determined by the repeated counting of the LUNA-FX™ Calibration Beads Kit (Cat#
F73101): 10 µl of a 1:1 GF and RF Calibration Bead mixture was counted five times each across four independent
devices (Table 1). Second, inter-device deviation was measured by counting four independent bead slides across
seven different LUNA-FX7™ devices (Table 2). Both the intra- and inter-device evaluation of the LUNA-FX7™
displayed excellent counting reproducibility. Specifically, the intra-device variability for all four devices was 1% or
less for cell concentration, viability, and cell size determination (Figure 3), and the inter-device variability was less
than 2.02% for all parameters in seven different devices.

Table 1. Intra-device variability of the LUNA-FX7™

Table 2. Inter-device variability of the LUNA-FX7™

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.95E+05 53.7 11.5
3 9.97E+05 54.0 11.4
4 9.97E+05 53.9 11.4
5 1.01E+06 54.2 11.4

Average 1.00E+06 53.9 11.4 
St. Dev. 5.97.E+03 0.2 0.1 
CV(%) 0.60% 0.36% 0.48%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.01E+06 54.6 11.5
2 1.00E+06 54.3 11.5
3 1.01E+06 53.1 11.6
4 9.92E+05 53.9 11.5
5 1.01E+06 54.4 11.5

Average 1.00E+06 54.1 11.5 
St. Dev. 8.17.E+03 0.6 0.0 
CV(%) 0.81% 1.10% 0.39%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.00E+06 53.8 11.5
2 9.87E+05 54.0 11.6
3 9.92E+05 54.1 11.6
4 9.94E+05 54.5 11.8
5 1.01E+06 53.9 11.6

Average 9.97E+05 54.1 11.6 
St. Dev. 8.82.E+03 0.3 0.1 
CV(%) 0.89% 0.50% 0.94%

LUNA-FX™ Calibration Beads, prep #3

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.87E+05 54.0 11.6
2 1.01E+06 54.6 11.6
3 9.97E+05 54.1 11.5
4 1.00E+06 54.6 11.6
5 9.88+05 53.7 11.6

Average 9.99E+05 54.2 11.6 
St. Dev. 9.47.E+03 0.4 0.0 
CV(%) 0.95% 0.73% 0.39%

LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 51.1 11.1
2 1.04E+06 51.1 11.1
3 1.05E+06 52.1 11.2
4 1.05E+06 51.5 11.2
5 1.06E+06 52.6 11.2
6 1.02E+06 51.3 11.0
7 1.04E+06 51.2 11.3

Average 1.04E+06 51.56 11.16 
St. Dev. 1.27.E+04 0.58 0.10 
CV(%) 1.22% 1.12% 0.87%

LUNA-FX™ Calibration Beads, prep #1 LUNA-FX™ Calibration Beads, prep #2

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.08E+06 49.5 11.0
2 1.07E+06 50.3 11.2
3 1.08E+06 50.2 11.1
4 1.07E+06 50.6 11.1
5 1.06E+06 49.8 11.4
6 1.06E+06 50.2 11.0
7 1.08E+06 49.2 11.4

Average 1.07E+06 49.97 11.17 
St. Dev. 9.00.E+03 0.49 0.17 
CV(%) 0.84% 0.99% 1.53%

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 9.82E+05 50.9 11.2
2 1.00E+06 50.3 11.0
3 9.78E+05 51.1 11.2
4 9.98E+05 51.3 11.1
5 9.89E+05 52.1 11.2
6 9.72E+05 52.4 11.1
7 9.77E+05 51.9 11.2

Average 9.85E+05 51.43 11.14 
St. Dev. 1.08.E+04 0.74 0.08 
CV(%) 1.10% 1.44% 0.71%

LUNA-FX™ Calibration Beads, prep #3 LUNA-FX™ Calibration Beads, prep #4

Repeat Concentration( /ml) Viability(%) Average size(μm)
1 1.05E+06 52.5 11.1
2 1.04E+06 52.8 11.0
3 1.05E+06 53.0 11.2
4 1.01E+06 50.8 11.0
5 1.01E+06 51.3 11.2
6 1.02E+06 52.9 11.1
7 1.00E+06 50.6 11.5

Average 1.03E+06 51.99 11.16 
St. Dev. 2.07.E+04 1.05 0.17 
CV(%) 2.02% 2.02% 1.54%

Technical Specifications

7” TFT LCD 
screen

800 X 480 pixels
Built-in 

computer
External printer 

(optional)

5” TFT LCD 
screen

800 X 480 pixels
Built-in 

computer
Built-in printer 

(optional)

7” TFT LCD 
screen

800 X 480 pixels
Built-in 

computer
External printer 

(optional)

7” TFT LCD 
screen

800 X 480 pixels
Built-in 

computer
External printer 

(optional)

7” TFT LCD 
screen

1024 X 600 
pixels
Built-in 

computer
External printer 

(optional)

5” TFT LCD 
screen

800 X 480 pixels
Built-in 

computer
Built-in printer 

(optional)

10” TFT LCD 
screen

1280 x 800 
pixels 
Built-in 

computer
External printer 

(optional)

Onboard Storage

- - - - 250GB / 1TB - 128GB

Weight

1.2 kg (2.5 Ib) 1.6 kg (3.5 lb) 1.8 kg (4 lb) 1.8 kg (4 lb) 5.0 kg (11 lb) 1.8 kg (3.9 lb) 10.8 kg (23.9 lb)

Dimensions

22 x 21 x 9 cm
(8.6 x 8.3 x 

3.5 in)

16 x 18 x 28 cm
(6.3 x 7.0 x 

11.0 in)

22 x 21 x 9 cm
(8.6 x 8.3 x 

3.5 in)

22 x 21 x 9 cm
(8.6 x 8.3 x 

3.5 in)

24.5 x 28 x 
24 cm

(9.6 x 11.0 x 
9.4 in)

16 x 18 x 28 cm
(6.3 x 7.0 x 

11.0 in)

43.3 × 31.0 × 
22.5 cm

(17.0 x 12.2 x 
8.8 in)

Logos Biosystems’ automated cell counters provide excellent counting performance at a relatively low cost for the majority of cell 
types and most applications. If you are looking for a cell counter suitable for your research purposes, the solution will always be 
in the LUNA™ Family.

Contact and stay connected with Logos Biosystems to find yours.

Contacts
Website: www.logosbio.com
Email: sales@logosbio.com
Facebook: https://www.facebook.com/logosbiosystems/
LinkedIn: https://www.linkedin.com/company/1925257/
Twitter: https://twitter.com/LogosBiosystems
YouTube: https://www.youtube.com/channel/UCtOafXCt2BAQ332JOsm2HLg
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Unmatched cell 
counting accuracy
✔ All-new optics

✔  Increased counting volume 
for the lowest CV per count

✔ Fast and precise autofocus

✔  More robust and sophisticated 
counting algorithms

✔  Customizable cell-detection 
protocols

21 CFR Part 11 ready
✔  User log-in and 

approval management

✔  Encrypted logs for 
audit trails

✔ Data security

✔  Data storage and 
control by network

Optimized for 
production facilities
✔  Quality control and 

validation software

✔  Range of standard 
validation slides

✔  Bioprocess monitoring 
software

LUNA-FX7™

Featured Products

“The algorithm is doing a fantastic job to discriminate healthy from dead cells 
and it is amazing how it can accurately count cells even in cell aggregates. 

Easy to use and trustworthy results.”
Michael Schnekenburger, Laboratoire de Biologie Moléculaire et Cellulaire du Cancer
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Meet the rest of the family

LUNA-II™

“LUNA-II is a great cell counter. 
Very easy, user friendly, and fast.”  

Sumit Santara, 
Boston Children’s Hospital, 

HMS

LUNA-STEM™

“Very useful and easy to use. 
Perfect for our daily use.” 

Albert Brell, Hospital de la 
Santa Creu i Sant Pau

LUNA-FL™

“Really handy, using it on 
a daily basis.”  

Koen De Wispelaere, 
VIB-KUL

LUNA™

“Save your time, 
save your life.” 

Chi Su, 
Rutgers University

LUNA-II YF™

“It’s very easy to use. I get 
high-quality results every day. 

I recommend” 
Le Dinh De, Saigon - Hatinh Beer 
One Member Company Limited

QUANTOM Tx™

“We are very satisfied with 
the platform. It is a mainstay 

of our workflow.” 
Nicolas Kong, 
Servatus Ltd

36

Automated cell counting guide

36

https://www.selectscience.net/products/luna-ii-automated-cell-counter/?prodID=206870
https://www.selectscience.net/products/luna-stem-automated-fluorescence-cell-counter-for-stem-cells-and-svf/?prodID=210305
https://www.selectscience.net/products/luna-fl-dual-fluorescence-cell-counter/?prodID=195514
https://www.selectscience.net/products/luna--automated-cell-counter/?prodID=195513
https://www.selectscience.net/products/luna-ii-yf-automated-yeast-cell-counter/?prodID=210306
https://www.selectscience.net/products/quantom-tx--microbial-cell-counter?prodID=206867
https://www.selectscience.net/products/luna-fl-dual-fluorescence-cell-counter/?prodID=195514
https://www.selectscience.net/products/luna-ii-automated-cell-counter/?prodID=206870
https://www.selectscience.net/products/luna-ii-yf-automated-yeast-cell-counter/?prodID=210306
https://www.selectscience.net/products/luna-stem-automated-fluorescence-cell-counter-for-stem-cells-and-svf/?prodID=210305
https://www.selectscience.net/products/luna--automated-cell-counter/?prodID=195513
https://www.selectscience.net/products/quantom-tx--microbial-cell-counter?prodID=206867

