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재생 의학 (regenerative medicine) 과 세포 치료에 사용되는 세포는 반드시 품질이 안정적이

어야만 합니다. 그 상태를 파악하기 위해 세포 생산 과정에서 세포의 수가 계산됩니다. 그러나 표준 

계수 방법이 결정되어 있지 않기 때문에 측정 프로세스의 품질을 평가하기가 어려웠습니다. 그래서 

ISO 20391-2 국제 표준이 개발되었습니다. 이 표준은 희석 분율 (dilution fraction) 실험 설계 및 세

포 계수의 통계적 방법을 설명하고, 품질 지표를 사용하여 세포 계수 과정을 평가하는 방법을 보여

줍니다.

Yokogawa의 CQ1 공초점 정량적 이미지 세포 측정기 (Confocal Quantitative Image 

Cytometer) 는 형광 (fluorescence) 및 명시야 (bright-field) 이미지를 획득하고 이미지에서 세포의 

수를 셀 수 있습니다. 우리는 CQ1을 이용하여 TF-1 부유 세포 (suspension cells) 의 각 희석 분율에

서 세포의 수를 세고, ISO 20391-2에 따라 프로세스 품질을 평가하였습니다. 또한 CQ1의 성능을 

다른 회사의 장치와 비교한 결과 Yokogawa의 CQ1이 훨씬 더 정밀한 계수를 한다는 것을 발견했습

니다. 본 글은 이러한 결과와, 생명 공학 분야에 대한 Yokogawa의 표준화 노력에 대해 설명합니다.

서문

동물 및 인간의 세포는 세포 구조 및 기능의 규명, 그리고 약물

의 의학적 효과를 평가하는 등의 연구에 사용되어 왔습니다. 오늘날 

세포 제품은 재생 의학과 같은 의료 목적을 위해 제조됩니다.

이러한 세포 제품을 제조할 때 안정적인 품질이 매우 중요하기 

때문에, 배양 프로세스 중에, 또한 생산 완료 시 평가되는 다양한 품

질 요소에 대해 제어 항목 (control items) 이 설정됩니다. 이러한 제

어 항목 중에 세포의 수 (배양 배지 내 세포 농도) 가 가장 중요합니

다. 세포 수는 일반적으로 배양 배지 (culture medium) 의 일부를 시

료로 채취하고 그 안에 있는 세포를 세어 측정합니다. 구체적으로 보

면 측정은 다음과 같은 단계로 구성되어 있습니다. (1) 배양 배지에서 

시료 채취, (2) 희석된 시료 (diluted sample) 준비, (3) 희석된 시료를 

혈구 계산기 (hemocytometer, 세포의 수를 세는 데 사용되는 슬라이

드 글라스와 같은 크기의 장치) 에 주입, (4) 세포 계수 (그림 1). 희석

된 시료를 준비하는 절차에는 계량 오차 (weighing errors) 가 포함되

며, 이는 주로 작업자의 전문성과 설치 장비에 따라 달라집니다. 세포

의 수는 자동화된 세포 계수기를 통해 세거나 작업자가 현미경 아래

에서 육안으로 계수합니다. 두 경우 모두 계수된 수에는 측정 오차가 

포함됩니다. 또한 세포 계수의 세부 절차는 시설 또는 작업자에 따라 

다릅니다. 따라서 세포 계수의 정밀도 (precision) 를 정의할 필요가 

있으나, 세포 계수의 표준 방법이나 오차 평가 절차는 없습니다. 이것

이 그동안 세포 제조에 있어서 프로세스 제어 및 품질 평가의 과제였

습니다(1).
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The cells used in regenerative medicine and cell therapy must be of stable quality. 
To understand their status, the number of cells is counted during the cell production 
process. However, it was difficult to evaluate the quality of the measurement process 
because a standard counting method had not been determined. Therefore, the ISO 20391-
2 international standard was developed. This standard describes the dilution fraction 
experimental design and statistical methods in cell counting and shows how to evaluate the 
cell counting process using quality indicators. 

Yokogawa’s CQ1 Confocal Quantitative Image Cytometer can acquire fluorescence 
and bright-field images and count the number of cells in the images. We counted cell 
numbers in each dilution fraction of TF-1 suspension cells by using CQ1 and assessed the 
quality of the process in accordance with ISO 20391-2. We also compared the performance of 
CQ1 with that of devices from other companies and found that Yokogawa’s CQ1 delivered far 
more precise counting. This paper describes these results and Yokogawa’s standardization 
efforts in the biotechnology field.

INTRODUCTION

Animal and human cells have been used for researches 
such as unraveling cell structures and functions and 

evaluating the medicinal effects of drugs. Today, cell products 
are manufactured for medical purposes such as regenerative 
medicine.

When manufacturing such cell products, stable quality 
is critical, and therefore control items are set for various 
quality factors that are evaluated during culture processes 
and on completion of production. The number of cells (cell 
concentration in a culture medium) is the most important 
among such control items. The number of cells is generally 
measured by sampling a par t of a culture medium and 
counting the cells in it. Specifically, the measurement consists 
of the following steps: (1) sampling from a culture medium, 
(2) preparing a diluted sample, (3) injecting the diluted sample 
into a hemocytometer (an apparatus of the same size as a slide 
glass used for counting the number of cells), and (4) counting 
the number of cells (Figure 1). The procedure of preparing 
a diluted sample involves a weighing error, which largely 

depends on the expertise of operators and on the facility 
equipment. The number of cells is counted by an automated 
cell counter or visually by an operator under a microscope. In 
either case, the counted number includes measurement errors. 
In addition, the detailed procedure for cell counting depends 
on the facility or operator. Therefore, it is necessary to define 
the precision of cell counting but there is no standard method 
of cell counting or procedure for error assessment. This has 
been a challenge in process control and quality assessment in 
cell manufacturing(1).

Figure 1 Major processes of cell counting 

(3) Injecting the diluted sample 
into a hemocytometer

(2) Preparing a diluted 
sample

Culture medium

(1) Sampling

(4) Counting the number 
of cells

Hemocytometer

53 119

*1  Life Research & Development Department, Innovation Center,  
Marketing Headquarters

*2  Product Strategy Department, Marketing Center,  
Life Business Headquarters

*3  Technology Marketing Department 1, External Affairs and 
Technology Marketing Center, Marketing Headquarters 그림1 세포 계수의 주요 프로세스



ISO 20391에 따른 세포 계수 프로세스 및 품질 평가 

54 Yokogawa Technical Report Korea Edition Vol.64 No.2 (2021)

세포 관련 국제 표준화를 위한 YOKOGAWA의 노력

2013년, 국제 표준화 기구 (ISO) 는 생명 공학 분야의 국제 표

준화를 위한 TC276 위원회를 구성했습니다(2). 혁신 재생 의학 포럼 

(Forum for Innovative Regenerative Medicine, FIRM) 은 2011년에 

출범한 산업 단체로, 재생 의학의 구현을 위해 노력하고 있습니다. 

FIRM은 또한 일본의 TC276 심의 위원회이기도 합니다.

Yokogawa는 2013년 이래 FIRM의 회원이었으며, 생명 공학 

분야의 표준화 활동에 참여하고 있습니다. Yokogawa는 또한 ISO/

TC276 심의 위원회 회원으로서 ISO 20391-2 세포 계수에 대한 국

제 표준을 마련하는 데 참여해오고 있습니다.

ISO 20391-2의 개요

ISO는 세포 계수에 관한 국제 표준을 검토한 후 2019년에 ISO 

20391-2 “계수법 성능을 정량화하기 위한 실험 설계 및 통계 분석”

을 발표했습니다(3). 이를 통해 세포의 수를 계산하는 측정 방법을 평

가할 수 있게 되었습니다. ISO 20391-2는 세포 계수 프로세스의 품

질을 시각화하기 위한 비례 지수 (proportionality index, PI) 를 설정

합니다. PI를 계산하기 위한 여러 가지 절차가 표시되어, 세포 제조업

체는 그 목적과 상황에 따라 적절한 절차를 선택할 수 있습니다. 두 

프로세스가 동일한 세포 종 (cell species), 실험 설계 및 PI 계산 절차

를 공유하는 경우, 세포 계수 프로세스의 품질을 상호 비교할 수 있습

니다.

CQ1을 이용한 세포 계수 프로세스 평가

본 연구에서는 ISO 20391-2에 나타난 절차에 따라 TF-1 부유 

세포 (인간 백혈병 세포주) 의 세포 계수 프로세스 품질을 평가하였

습니다. TF-1 세포는 의약품의 활성 및 세포 성장 요인의 평가를 위

해 사용됩니다. Yokogawa의 CQ1 공초점 정량적 이미지 세포 측정

기 (Confocal Quantitative Image Cytometer) 가 희석 시료가 주입된 

혈구 계산기의 이미지를 얻는 데 사용되었으며, 이미지 내 세포 수가 

자동으로 계산되었습니다.

CQ1 공초점 정량적 이미지 세포 측정기

CQ1 공초점 정량적 이미지 세포 측정기는 공초점 스캐너 장치

가 내장된 통합 현미경으로, 명시야 이미지 (bright field images) 와 

위상 대조 이미지 (phase contrast images) 를 얻을 수 있을 뿐만 아니

라, 살아있는 세포의 시간 경과 분석 및 세포 응집체의 3D 형광 이미

징이 가능합니다. 이는 또한 마이크로플레이트 스태커 (microplate 

stackers) 를 이용한 높은 처리량 스크리닝과 오랜 시간 경과 분석을 

위해 외부 인큐베이터에 연결된 시스템을 구축할 수도 있습니다. 게

다가 CellPathfinder 분석 소프트웨어 및 라벨이 없는 분석 (label-free 

analyses) 을 이용하여 CQ1을 머신 러닝 및 딥 러닝과 결합함으로써 

다양한 정량적 분석이 가능합니다 (그림 2). 슬라이드 글라스 뿐만 아

니라 멀티 웰 플레이트 (Multi-well plates) 도 측정 대상으로 허용됩

니다. 이렇게 CQ1은 일반적으로 세포 평가를 위해 매우 다용도로 쓸 

수 있는 장비입니다. 본 연구에서 CQ1은 희석된 시료로 혈구 계산기

의 오염되지 않은 이미지를 획득하고 그 이미지에 있는 세포의 수를 

정량화하는 데 사용되었습니다.

 

희석 시료의 준비 및 피펫팅 오차 (Pipetting Errors) 의 평가

TF-1의 배양 배지를 인산 완충 생리 식염수 (phosphate-

buffered saline, PBS) 로 희석하여 다섯 가지 종류의 시료를 준비했습

니다. 표 1은 각 시료의 배양 배지 및 PBS의 양을 보여줍니다. 모든 시

료는 동일한 부피로 준비되었습니다. 이 절차를 반복하여 각 희석 비

율에 대해 세 개의 시료 세트를 준비했습니다 (그림 3). 본 연구에서

는 두 종류의 TF-1 배양액을 사용하여 서로 다른 세포 농도에서 세

포 계수 프로세스를 평가했습니다. 세포 농도가 높은 배양 배지를 가

진 시료를 stock H라고 하며, 다른 시료들을 stock L이라고 합니다.

표 1 희석 시료의 준비

희석 시료 1 2 3 4 5

희석 비율 0.9 0.7 0.5 0.3 0.1

TF-1 배양액

(µl) 90 70 50 30 10

PBS (µl) 10 30 50 70 90

총계 (µl) 100 100 100 100 100

위에서 준비된 각 시료의 중량을 측정하고 ISO 20391-2의 절차

에 따라 피펫팅 오차를 평가했습니다. 계량 오차 (weighing errors) 의 

품질 판단에 대한 결정 계수 (coefficient of determination) 가 0.980 

이상으로 설정되었지만, stock H와 stock L의 시료 모두 이 기준 

(0.998) 을 충족했습니다. 이에 따라 평가는 다음 단계로 넘어갔습니

다.
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YOKOGAWA’S EFFORTS FOR 
INTERNATIONAL STANDARDIZATION ON 
CELLS

I n  2 013 ,  t h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  f o r 
Standardization (ISO) established the TC276 Committee for 
international standardization in the biotechnology field(2). The 
Forum for Innovative Regenerative Medicine (FIRM) is an 
industry group launched in 2011 which is working to achieve 
regenerative medicine. FIRM is also a deliberative council of 
TC276 in Japan.

Yokogawa has been a member of FIRM since 2013, 
and participates in activities for standardization in the 
biotechnology field. Yokogawa has also been engaged in 
preparing the ISO 20391-2 International Standard on cell 
counting, as a member of the ISO/TC276 deliberative council.

Outline of ISO 20391-2
The ISO issued ISO 20391-2 “Experimental design 

and stat ist ical analysis to quant ify count ing method 
performance” in 2019 after reviewing international standards 
on cell counting(3). This has made it possible to assess the 
measurement methods for calculating the number of cells. ISO 
20391-2 sets a proportionality index (PI) for visualizing the 
quality of cell counting processes. Multiple procedures are 
indicated for calculating PI, allowing cell manufacturers to 
choose an appropriate procedure according to their purpose 
and situation. The quality of cell counting processes can 
be compared mutually if two processes share the same cell 
species, experiment design, and procedure of calculating PI.

ASSESSMENT OF CELL COUNTING 
PROCESSES USING CQ1

The quality of cell counting processes of TF-1 floating 
cells (human leukemia cell lines) was assessed in this study 
following the procedure shown in ISO 20391-2. TF-1 cells 
are used for evaluating the activity of medicines and cell 
growth factors. Yokogawa’s CQ1 Confocal Quantitative Image 
Cytometer was used to acquire images of hemocytometers 
with diluted samples injected, and the number of cells in the 
image was counted automatically.

CQ1 Confocal Quantitative Image Cytometer
The CQ1 Confocal Quantitative Image Cytometer is an 

integrated microscope with a built-in confocal scanner unit, 
and enables t ime lapse analyses of l ive cells and 3D 
f luorescence imaging of cell aggregations, in addition to 
acquiring bright field images and phase contrast images. It 
also enables high-throughput screening using microplate 
stackers and construction of a system connected to an external 
incubator for long time lapse analyses. Furthermore, various 
quantitative analyses are possible by combining CQ1 with 
machine learning and deep learning using the CellPathfinder 
analysis sof tware and label-f ree analyses (Figure 2). 
Multi-well plates, as well as slide glasses, are accepted as 
measurement objects. Thus, CQ1 is highly versatile equipment 

for cell evaluations in general. In this study, CQ1 was used 
to acquire unstained images of hemocytometers with diluted 
samples and to quantify the number of cells in the images.

Figure 2 Measurement objects and  
expandability of CQ1 

Preparation of Diluted Samples and Evaluation of 
Pipetting Errors

Five types of samples were prepared by diluting a 
cultured medium of TF-1 with phosphate-buffered saline 
(PBS). Table 1 shows the amounts of culture medium and 
PBS in each sample. All samples were prepared with the same 
volume. Repeating this procedure, three sets of samples were 
prepared for each dilution rate (Figure 3). In this study, two 
types of TF-1 culture f luid were used for assessing the cell 
counting process at different cell concentrations. The samples 
with the culture medium of higher cell concentration are called 
stock H, and the other samples are called stock L.

Figure 3 Image of preparing diluted samples 

The weight of each sample prepared above was measured 
and the pipetting error was evaluated following the procedure 
of ISO 20391-2. While the determination coefficient for quality 
judgment of weighing errors was set to be 0.980 or greater, 
both samples of stock H and stock L satisfied this criterion 
(0.998). Thus, the assessment moved on to the next step.

Image data
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on the application

Data analysis software
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Table 1 Preparation of diluted samples 
Diluted samples 1 2 3 4 5

Dilution rate 0.9 0.7 0.5 0.3 0.1
TF-1 culture fluid 

(µl) 90 70 50 30 10

PBS (µl) 10 30 50 70 90
Total (µl) 100 100 100 100 100

•••••df1 df2 df3 dfn

Stock cell sample

Independent 
replicate

Lower limit for 
intended purpose

Upper limit for 
intended purpose

Dilution factor

Observation 1
Observation 2
Observation 3

그림2 CQ1의 측정 대상 및 확장성 (expandability)
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following the procedure shown in ISO 20391-2. TF-1 cells 
are used for evaluating the activity of medicines and cell 
growth factors. Yokogawa’s CQ1 Confocal Quantitative Image 
Cytometer was used to acquire images of hemocytometers 
with diluted samples injected, and the number of cells in the 
image was counted automatically.

CQ1 Confocal Quantitative Image Cytometer
The CQ1 Confocal Quantitative Image Cytometer is an 

integrated microscope with a built-in confocal scanner unit, 
and enables t ime lapse analyses of l ive cells and 3D 
f luorescence imaging of cell aggregations, in addition to 
acquiring bright field images and phase contrast images. It 
also enables high-throughput screening using microplate 
stackers and construction of a system connected to an external 
incubator for long time lapse analyses. Furthermore, various 
quantitative analyses are possible by combining CQ1 with 
machine learning and deep learning using the CellPathfinder 
analysis sof tware and label-f ree analyses (Figure 2). 
Multi-well plates, as well as slide glasses, are accepted as 
measurement objects. Thus, CQ1 is highly versatile equipment 

for cell evaluations in general. In this study, CQ1 was used 
to acquire unstained images of hemocytometers with diluted 
samples and to quantify the number of cells in the images.

Figure 2 Measurement objects and  
expandability of CQ1 

Preparation of Diluted Samples and Evaluation of 
Pipetting Errors

Five types of samples were prepared by diluting a 
cultured medium of TF-1 with phosphate-buffered saline 
(PBS). Table 1 shows the amounts of culture medium and 
PBS in each sample. All samples were prepared with the same 
volume. Repeating this procedure, three sets of samples were 
prepared for each dilution rate (Figure 3). In this study, two 
types of TF-1 culture f luid were used for assessing the cell 
counting process at different cell concentrations. The samples 
with the culture medium of higher cell concentration are called 
stock H, and the other samples are called stock L.

Figure 3 Image of preparing diluted samples 

The weight of each sample prepared above was measured 
and the pipetting error was evaluated following the procedure 
of ISO 20391-2. While the determination coefficient for quality 
judgment of weighing errors was set to be 0.980 or greater, 
both samples of stock H and stock L satisfied this criterion 
(0.998). Thus, the assessment moved on to the next step.

Image data
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on the application

Data analysis software

High-level analysis depending 
on the application

Cell cycle
Cell growth
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Table 1 Preparation of diluted samples 
Diluted samples 1 2 3 4 5

Dilution rate 0.9 0.7 0.5 0.3 0.1
TF-1 culture fluid 

(µl) 90 70 50 30 10

PBS (µl) 10 30 50 70 90
Total (µl) 100 100 100 100 100

•••••df1 df2 df3 dfn

Stock cell sample

Independent 
replicate

Lower limit for 
intended purpose

Upper limit for 
intended purpose

Dilution factor

Observation 1
Observation 2
Observation 3

그림3 희석 시료 준비 이미지
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세포 수의 측정

희석된 시료를 혈구 계산기 (C10228, ThermoFisher) 에 주입하

고 CQ1을 사용하여 세포 이미지를 획득했습니다. 시료에 대해 세 가

지의 측정을 수행하기 위해, 하나의 희석 시료에 대해 세 가지의 서로 

다른 시야에서 세 개의 이미지를 획득했습니다. 획득된 세포 이미지

를 2진화 하였으며 타원형 밝은 점의 수를 세포의 수로 계수하였습니

다 (그림 4). 그런 다음, 희석된 시료 내의 세포 농도 (세포/ml) 를 시

야 면적과 혈구 계산기의 깊이 (100µm) 에서 얻은 부피를 기준으로 

계산하였습니다.

세포 계수 프로세스의 평가

(a) ‌�결정 계수 (coefficient of determination, R2) 의 산출  

계산된 세포 농도와 희석 비율 간 관계를 통해 회귀선을 구하고 

결정 계수를 산출했습니다 (그림 5 및 그림 6). R2 값은 stock H

를 사용한 경우 0.979, stock L을 사용한 경우 0.975였습니다 (표 

3). 희석 비율과 측정된 세포 수 사이에 높은 상관관계가 나타났

습니다.

(b) ‌�비례 지수 (Proportionality Index, PI) 

PI는 측정된 값이 회귀선에서 벗어나는 정도이며, 세포 계수 프로

세스의 품질을 나타냅니다. ISO 20391-2는 PI 산출을 위한 여러 

가지 공식을 설명합니다. 본 연구에서는 각 데이터 평균과 회귀선

의 차이 크기를 표현하기 위해 방정식 (1) 을 사용했습니다. 표 2

는 방정식에 사용된 약어를 설명합니다. 본 연구에 사용된 공식에

서 PI 값이 작을수록 희석된 시료에 대한 측정 값이 회귀선으로부

터 편차가 적음을, 즉 측정 프로세스의 품질이 높음을 의미합니

다. 본 연구에서 세포 계수의 결과는 stock H와 stock L의 시료에 

대한 PI 값이 거의 동일하다는 것을 보여줍니다 (표 3).

표 2 PI 산출에 사용된 약어 및 기호

약어 또는 기호 설명*

PI 비례 지수

i 목표 희석 분율 (target dilution fraction) 지수

β1 비례 모형 적합치에서 추정된 스칼라 계수

dfi 목표 희석 분율

R2 결정 계수 (Coefficient of determination)

 
비례성 분석에 목표 희석 분율을 사용할 경우 
평활 잔차 (Smoothed residual)

 
비례 모형 적합  에서 구한 
β1을 사용한 dfi 에서의 추정 세포 수

* ISO 20391-2의 3.2조를 기반으로 편집함
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Measurement of the Number of Cells
The diluted samples were injected into hemocytometers 

(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).

Table 2 Abbreviations and symbols used in  
PI calculation 
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* Compiled based on ISO 20391-2 Section 3.2

Abbreviated term or
Symbol Description *

PI Proportionality index

i Index for target dilution fraction

β 1 Scalar coefficient estimated from the proportional model fitting

df i Targeted dilution fraction

R 2 Coefficient of determination

Smoothed residual when target dilution fraction is used in the analysis
of proportionality
Estimated cell count atdf i using β 1 obtained from proportional model
fit
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그림4 측정에 사용되는 오염되지 않은 세포 이미지의 예

(a: CQ1으로 획득한 이미지, b: 진화 후 이미지)
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Measurement of the Number of Cells
The diluted samples were injected into hemocytometers 

(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).

Table 2 Abbreviations and symbols used in  
PI calculation 
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* Compiled based on ISO 20391-2 Section 3.2

Abbreviated term or
Symbol Description *

PI Proportionality index

i Index for target dilution fraction

β 1 Scalar coefficient estimated from the proportional model fitting

df i Targeted dilution fraction

R 2 Coefficient of determination

Smoothed residual when target dilution fraction is used in the analysis
of proportionality
Estimated cell count atdf i using β 1 obtained from proportional model
fit
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(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).

Table 2 Abbreviations and symbols used in  
PI calculation 
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* Compiled based on ISO 20391-2 Section 3.2

Abbreviated term or
Symbol Description *

PI Proportionality index

i Index for target dilution fraction

β 1 Scalar coefficient estimated from the proportional model fitting

df i Targeted dilution fraction

R 2 Coefficient of determination

Smoothed residual when target dilution fraction is used in the analysis
of proportionality
Estimated cell count atdf i using β 1 obtained from proportional model
fit
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그림5 stock H에서 준비된 희석 시료의 희석 비율과

세포 농도 간 관계: CQ1으로 측정

그림6 stock L에서 준비된 희석 시료의 희석 비율과

세포 농도 간 관계: CQ1으로 측정
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Measurement of the Number of Cells
The diluted samples were injected into hemocytometers 

(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).

Table 2 Abbreviations and symbols used in  
PI calculation 
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(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).
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(C10228, ThermoFisher) and cell images were acquired using 
CQ1. Three images were acquired from three different fields 
of view for a diluted sample, to make three measurements 
for a sample. The acquired cell images were binarized and 
the number of oval bright spots was counted as the number 
of cells (Figure 4). Then, the cell concentrations (cells/ml) 
in the diluted samples were calculated based on the volume 
obtained from the area of the field of view and the depth of the 
hemocytometer (100 µm).

Figure 4 Example of unstained cell image  
used for measurement 

(a: Image acquired by CQ1, b: Image after binarization) 

Assessment of Cell Counting Process
(a) Calculation of coefficient of determination (R2)

From the relation between the calculated cell concentrations 
and dilution rates, a regression line was obtained and the 
coefficient of determination was calculated (Figure 5 
and Figure 6). The R2 value was 0.979 when stock H was 
used, and 0.975 when stock L was used (Table 3). A high 
correlation was shown between the dilution rate and the 
measured cell count.

Figure 5 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock H: Measurement with CQ1 

Figure 6 Relation between dilution rate and  
cell concentration for the diluted samples prepared  

from stock L: Measurement with CQ1 

(b) Proportionality Index (PI)
PI is the degree of deviation of measured values from the 
regression line, and shows the quality of the cell counting 
process. ISO 20391-2 describes multiple formulas for 
calculating PI. In this study, Equation (1) was used to 
express the magnitude of differences of each data average 
from the regression line. Table 2 explains the abbreviations 
used in the equation. With the formula used in this study, a 
smaller value of PI means less deviation of measured value 
for a diluted sample from the regression line, or higher 
quality of measurement process. The result of cell counting 
in this study shows nearly the same values of PI for the 
samples from stock H and from stock L (Table 3).

Table 2 Abbreviations and symbols used in  
PI calculation 
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• • • (1)

* Compiled based on ISO 20391-2 Section 3.2

Abbreviated term or
Symbol Description *

PI Proportionality index

i Index for target dilution fraction

β 1 Scalar coefficient estimated from the proportional model fitting

df i Targeted dilution fraction

R 2 Coefficient of determination

Smoothed residual when target dilution fraction is used in the analysis
of proportionality
Estimated cell count atdf i using β 1 obtained from proportional model
fit
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표 3  CQ1을 사용한 세포 계수의 R2 및 PI

시료 Stock H(고 농도) Stock L(저 농도)

R2 0.979 0.975

PI 11.0 11.2

타사의 장치를 이용한 세포 계수의 평가

세포 계수는 타사의 자동 세포 계수기 (타사의 장치) 를 이용하

여 시행하기도 하였습니다. 이 장치들은 혈구 계산기의 이미지를 바

탕으로 세포 수를 세고 세포 농도를 자동적으로 계산합니다. 사용된 

희석 시료는 CQ1으로 측정할 때 사용된 시료와 동일했습니다. 측

정은 각 희석 시료에 대해 3회 반복했으며, 그런 다음 R2 와 PI를 산

출하였습니다. 방정식 (1)을 사용하여 PI를 산출했습니다. 그림 7은 

stock L에서 준비된 희석 시료의 측정 결과를 보여줍니다 (stock H에

서 준비된 희석 시료의 결과는 표시되지 않음). R2 와 PI는 표 4에 나

타나 있습니다.

표 4 타사 장치를 사용한 세포 계수의 R2 및 PI

시료 Stock H(고 농도) Stock L(저 농도)

R2 0.980 0.915

PI 11.2 14.1

논의

다양한 세포 농도의 Stock을 사용한 세포 계수의 평가

세포 계수 프로세스에 CQ1을 사용하여 얻은 PI 값은 stock H와 

stock L의 두 경우에 대해 거의 동일하였고, stock H와 stock L의 희

석 시료에서 세포의 수는 각각 약 106개와 105개였습니다. 시료의 무

게 측정으로 추정한 계량 오차는 stock H와 stock L의 경우 동일하게 

작았습니다. 따라서, CQ1은 세포 수가 대략 105개 정도인 상대적으

로 낮은 농도의 시료에서도 정밀한 측정을 가능하게 합니다.

CQ1과 타사 장치에 의한 세포 계수 비교

세포 계수 프로세스는 CQ1과 타사 장치를 사용하여 동일한 세

포 종, 실험 설계 및 동일한 PI 산출 공식으로 평가하였습니다. 이에 

따라 두 측정값 사이의 정밀도를 비교할 수 있었습니다. Stock H의 

시료를 사용했을 때, 두 가지 측정 프로세스의 PI 값은 모두 거의 동

일했습니다. 그러나 stock L의 시료를 사용했을 때에는 CQ1으로 측

정한 PI 값이 타사의 장치로 측정한 값에 비해 낮았습니다 (표 3 및 표 

4). 측정에 사용된 희석 시료가 동일했기 때문에, 두 경우 모두 계량 

오차 (weighing error) 는 동일했습니다. 따라서 PI 값의 차이가 각 장

치의 측정 오차의 차이를 나타내는 것으로 간주되었습니다. 타사의 

장치를 사용했을 때 몇 가지 희석 비율에서 데이터의 큰 분산이 나타

났으며, 측정 값의 평균이 회귀선으로부터 약 30% 정도 (가장 심한 

경우) 벗어났습니다 (그림 7). 이러한 결과는 측정 장치의 선택이 세

포 계수 프로세스의 품질에 영향을 미친다는 것을 보여줍니다.

결론

본 글에서는 ISO 20391-2에 따라 세포 계수 프로세스를 평가하

였고, CQ1이 타사의 장치에 비해 동등하거나 더 우수한 정밀도로 세

포의 수를 측정할 수 있음을 보여주었습니다. 세포 제조를 위한 세포 

계수 프로세스를 구축함에 있어서, 프로세스에 허용되는 세포 품질 

및 측정 시간을 고려하여 측정 장치를 선택하고, ISO 20391-2에 명

시된 PI 등의 지표를 바탕으로 세포 계수 방법의 품질을 평가하는 것

이 필수적입니다.
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Assessment of Cell Counting Using Devices from Other 
Companies

Cell counting was also carried out using automatic 
cell counters from other companies (devices from other 
companies). These devices count the number of cells 
based on the images of hemocytometers and calculate the 
cell concentration automatically. The diluted samples used 
were the same as those used for the measurements with CQ1. 
Measurement was repeated three times for each diluted 
sample, and then R2 and PI were calculated. Equation (1) was 
used for calculating PI. Figure 7 shows the measurement 
result of the diluted samples prepared from stock L (the result 
of the diluted samples prepared from stock H is not shown). R2 
and PI are shown in Table 4.

Figure 7 Relation between dilution rate and cell 
concentration of diluted samples prepared from stock L: 

Measured with devices from other companies 

DISCUSSION

Assessment of Cell Counting Using Stocks of Various Cell 
Concentrations

The PI values obtained by using CQ1 for the cell counting 
process were nearly the same for the two cases of stock H 
and stock L, while the numbers of cells in the diluted samples 

from stock H and stock L were about 106 and 105, respectively. 
The weighing errors estimated from weight measurements 
of the samples were equally small for stock H and stock L. 
Thus, CQ1 enables precise measurements even for samples of 
relatively low concentration with the number of cells of the 
order of 105.

Comparison of Cell Counting by CQ1 and Devices from 
Other Companies

The cell counting process was assessed using CQ1 and 
devices from other companies, with the same cell species, 
experiment design, and formula to calculate PI. Thus, it was 
possible to compare precision between the two measurements. 
The PI values from both measurement processes were 
nearly the same when the samples from stock H were used. 
However, when samples from stock L were used, the value 
of PI measured with CQ1 was lower than that measured with 
the devices from other companies (Table 3 and Table 4). The 
weighing error was the same for the two cases, because the 
diluted samples used for measurement were the same. Thus, 
the difference in the PI value was considered to represent 
the difference in measurement errors of each device. When 
devices from other companies were used, large dispersion 
of data was seen at several dilution rates, and the average of 
measured values deviated from the regression line by about 
30% in the worst case (Figure 7). These results show that the 
selection of measurement devices impacts the quality of the 
cell counting process.

CONCLUSION

In this paper, the cell counting process was assessed 
in accordance with ISO20391-2, and CQ1 was shown to be 
capable of measuring the number of cells with equivalent or 
better precision than the devices from other companies. In 
constructing a cell counting process for cell manufacturing, 
it is essential to select measurement devices taking the cell 
quality and measurement time permissible for the process into 
account and assessing the quality of the cell counting method 
based on the indices including PI indicated in ISO20391-2.
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Table 3 R2 and PI in cell counting using CQ1 

Sample Stock H 
(high concentration)

Stock L 
(low concentration)

R2 0.979 0.975
PI 11.0 11.2

R² = 0.915
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Table 4 R2 and PI in cell counting using the devices  
from other companies 

Sample Stock H 
(high concentration)

Stock L 
(low concentration)

R2 0.980 0.915
PI 11.2 14.1
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그림7 stock L에서 준비된 희석 시료의 희석 비율과

세포 농도 간 관계: 타사 장치로 측정




