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The Spheroid Light Microscopy 
Image Atlas for morphometrical 
analysis of three-dimensional cell 
cultures
Eva Blondeel   1, Arne Peirsman   1,2,3 ✉, Stephanie Vermeulen1, Filippo Piccinini   4,5,  
Felix De Vuyst1, Diogo Estêvão   6,7, Sayida Al-Jamei8, Martina Bedeschi   4, 
Gastone Castellani   5, Tânia Cruz   6, Sándor Dedeyne1, Maria José Oliveira6, 
Satoru Kawakita3, Huu Tuan Nguyen3, Leoni A. Kunz-Schughart8,9, Soojung Lee10, 
Noemi Marino4, Patrick Steigemann   11, Shuichi Takayama   10, Anna Tesei   4, 
Nina Zablowsky11, Phillip Blondeel2 & Olivier De Wever   1 ✉

The application of three-dimensional (3D) cell cultures such as spheroids and organoids is growing 
in popularity both in academia and industry. However, morphology of the 3D architecture remains 
remarkably understudied. Here, we introduce an open-access Spheroid Light Microscopy Image 
Atlas (SLiMIA) that can serve as a training set for morphology studies of 3D cell cultures. We provide 
images with a variety of metadata: 9 microscopes, 47 cell lines, 8 culture media, 4 spheroid formation 
methods and multiple cell seeding densities; totalling approximately 8,000 images of spheroids. This 
comprehensive dataset can guide spheroid researchers and promote economizing of resources by 
advancing 3D cell culture optimization, standardization and implementation by the community at 
large. Considering the exponentially growing interest in spheroid morphometrical analyses and the 
emerging technological possibilities to do so, this atlas can be applied to train and develop image 
segmentation models to deepen our understanding of 3D spheroid morphometry in biomedical 
research.

Background & Summary
When adherent cells are suspended into single cells and exposed to an environment to which they cannot attach, 
they tend to self-assemble into three-dimensional (3D) multicellular aggregates or spheroids. Compared to 
two-dimensional (2D) cell cultures, cells in spheroids experience in vivo-like intercellular interactions such as 
cell crowding, and gradients of oxygen, carbon dioxide, nutrients and waste products1. All these phenomena 
result in a phenotype that better resembles in vivo cells2,3. Similar to 2D cell cultures, 3D multicellular aggregates 
show a cell line specific morphometry. Single cell suspensions from different cell lines, seeded at equal numbers 
in ultra-low attachment (ULA) plates give rise to spheroids that vary in size, circularity, compactness and other 
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morphometrical parameters. To demonstrate this, we performed a principal component analysis (PCA) of fre-
quently used particle morphometrics measured on light microscopy images from spheroids (>1600) of 11 cell 
cultures used in the MISpheroID study. The analysis shows distinct clustering from large and compact HCT116 
spheroids to small and loose SAR121 spheroids (Fig. 1).

Light microscopy is the most accessible way to visualize and assess spheroid morphometry. More than half 
(54.7%) of all reported (3,058) experiments in the MISpheroID knowledgebase use light microscopy images to 
analyze spheroid characteristics4. Note that light microscopy images are 2D projected images of the 3D object 
which may fail to capture the full complexity of spheroids. The widespread use of light microscopy imaging 
stimulated us to create SLiMIA: the Spheroid Light Microscopy Image Atlas. SLiMIA provides the largest 
open-access 3D cell culture image database with 7,990 images of spheroids from 47 cancer and non-cancer cell 
lines including methodological metadata such as cell source, cell seeding densities, culture media and spheroid 
formation methods (Fig. 2, Table 1), allowing researchers to search the dataset as needed. The dataset can be 
accessed, viewed and downloaded through Figshare5. Furthermore, multiple initiatives show increasing atten-
tion in morphological cell studies6–8. Accordingly, SLiMIA can be applied to compare spheroid diversity and to 
develop morphometric analysis software with potential applications on other 3D cultures such as organoids and 
patient-derived tissue fragments.

High-quality image datasets with a wide diversity in spheroid morphotypes are required to develop and 
optimize performant 3D cell aggregate segmentation platforms and convolutional networks. Reusing existing 
datasets could form an opportunity to economize both time and resources. Moreover, according to recent devel-
opments and guideline proposals, the reuse of light microscopy data will receive a strong boost from the bio-
imaging community9,10, consistent with the FAIR (Findable, Accessible, Interoperable, Reusable) principles11.

Lastly, further research is needed to translate spheroid morphotypes (e.g. circularity/sphericity, compactness, 
and size) into methodological metadata such as cell source and cell seeding density. In previous work we have 
shown that spheroid size impacts biological metadata (e.g. cell death, ATP production, cytokine release)4 and 
studies are needed to investigate which spheroid morphotype parameters influence spheroid biology. Future 
atlases may focus on images from drug-treated spheroids that are disintegrated or are obscured by a rim of cell 
debris12. Z-projected images of spheroids allow investigation of the 3D geometry of spheroids and may even 
further differentiate in distinguishing cell source and spheroid biology7,13. In conclusion, SLiMIA is a dataset 
comprising approximately 8,000 images and has an enormous potential to assist in the development, training 
and validation of spheroid segmentation models and to connect spheroid morphometry with methodological 
metadata.

Methods
Cell origin and culture.  For uniformity and clarity, cell line names are written in their simplest and most 
economic notation, with respect to the synonyms registered in the Cellosaurus database14.

The following cell lines: 4T1 (CRL-2539), A549 (CCL-185), BEAS2B (CRL-3588), BT20 (HTB-19), DLD1 
(CCL-221), FaDu (HTB-43), H1299 (CRL-5803), HCT116 (CCL-247), HCT15 (CCL-225), HEK293 (CRL-
1573), HEPG2 (HB-8065), Hs578T (HTB-126), MCF7 (HTB-22), MCF10A (CRL-10317), MDAMB231 
(HTB-26), MDAMB361 (HTB-27), MRC5 (CCL-171), NCIH226 (CRL-5826), NCIH460 (HTB-177), PANC1 
(CRL-1469), SKOV3 (HTB-77), SW837 (CCL-235), SW1353 (HTB-94), T47D (HTB-133), U87MG (HTB-
14) and VcaP (CRL-2876) were purchased from the American Type Culture Collection (ATCC, catalog 
number between brackets). ASC (adipose-derived stem cells) (SCC038) was purchased from Sigma Aldrich 
(Germany), CAL33 (ACC447) was purchased from DSMZ (Germany), CT5.3 hTERT are hTERT-immortalized 
cancer-associated fibroblasts of which primary culture was originally isolated from colorectal carcinoma15–17. 
D2A1LUCmCherry was a gift from C. Isacke (London, England)18, HCA2hTERT are hTERT-immortalized 
fibroblast of which primary culture was originally isolated from human foreskin (a gift from C. Jones; Cardiff, 

Fig. 1  Diversity of spheroid morphology based on cell type. (A) Scatter plot of the first two principal components 
shows the diversity in spheroid morphology between cell types. Each dot represents a spheroid. (B) Loading plot 
of PCA shows underlying relationship between AnaSP spheroid morphology metrics and how the metrics steer 
the direction of the principal components. (C) PCA scatter plot of the cell types morphology metric averages, 
supported by illustrative spheroid images. Visualized cell types (9 out of 11) are indicated on the spheroid image. 
Scale bar = 200 µm, representative for all images. Note: 1 A describes all data, 1 C averages; as a consequence, 
scales and PC values differ slightly.

https://doi.org/10.1038/s41597-025-04441-x


3Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

UK)19, HCC2998, HOP62 and OVCAR8 were obtained from National Cancer Institute (NCI, Frederick, USA). 
HeLa (940003-P-T) was purchased from Tebu-Bio (Paris, France), HSC4 (JCRB0624) and SAS (JCRB0260) was 
purchased from Japanese Collection of Research Bioresources (JCRB, Japan). HuH7 (300156), MDCK (602280), 
U138MG (300363) and U251MG (300385) were purchased from Cell Line Service (CLS) GmbH (Germany). 
SAR030 and SAR121 are early passage soft tissue sarcoma cell cultures as previously described4,20.

For clarity, 2D cell culture conditions prior to spheroid formation are summarized in Table 2.

Fig. 2  Cell lines represented in SLiMIA. A snapshot of spheroid images of 47 cancer and non-cancer cell lines 
available in SLiMIA. It is important to note that cell seeding densities, spheroid formation methods, culture 
media and timepoint of imaging are variable between presented spheroid images. White scalebar = 200 µm, red 
scalebar = 100 µm.
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Table 1.  Summary of SLiMIA content. BME, basement membrane extract.
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per (micro-)well/drop
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Ax
io

ve
rt

 2
00

BT20 DMEM LG Liquid Overlay: 
Agarose coated 0,5/1/1,5/2/4/5/6/10 96 70

BT474 Liquid Overlay: 
Agarose coated 3 96 14

DLD1 Liquid Overlay: 
Agarose coated 3/3,5/4/4,5/5 96 85

HCT15 Liquid Overlay: 
Agarose coated 3,5/4/4,5/5/5,5/6 96 134

Hs578T Liquid Overlay: 
Agarose coated 0,5/1/4/9/10/11/12/13 96 80

MDAMB361 Liquid Overlay: 
Agarose coated 5/6/7 96 33

NCIH226 Liquid Overlay:
Agarose coated 0,5/1/1,5/2/3/4 96 148

OVCAR8 Liquid Overlay: 
Agarose coated 0,5/1/1,5/2/3/4 96 140

Ax
io

ve
rt

 2
00

M

4T1

DM
EM

 H
G

DM
EM

-F
12

RP
M

I1
64

0

EM
EM

M
EM Liquid Overlay: 

ULA-plate 2 168 116

A549 Liquid Overlay: 
ULA-plate 2/4/6/8 168 470

BEAS2B Liquid Overlay: 
ULA-plate 2 168 18

BT474 Liquid Overlay:
Agarose coated 3 96 9

CAL33 Liquid Overlay:
Agarose coated 1/2/3/4/5/6/7/8/9 96 64

FaDu Liquid Overlay:
Agarose coated

1,2/1,8/2,5/4,5/
6/8/10/12 96 64

HCA2hTert Liquid Overlay:
ULA-plate 2 168 25

HCC2998 Liquid Overlay:
Agarose coated 1,75 168 16

HCT116 Liquid Overlay:
ULA-plate 0,5/1/2/3 168 597

HEK293 Liquid Overlay:
Agarose coated 3/4/5/6/7 96 42

HEPG2 Liquid Overlay:
ULA-plate 2 168 68

HOP62 Liquid Overlay:
Agarose coated 2/3/4/5/6 96 48

HSC4 Liquid Overlay:
Agarose coated 1/2/3/4/5/6/7/8 96 44

MCF7 Liquid Overlay:
ULA-plate 2 168 99

MDAMB361 Liquid Overlay:
Agarose coated 8 96 8

NCIH226 Liquid Overlay:
Agarose coated 1,75 96 20

NCIH460 Liquid Overlay:
Agarose coated

0,4/0,5/0,6/0,8/
1/1,5/2/4 96 67

OVCAR8 Liquid Overlay:
Agarose coated 2 96 16

PANC1 Liquid Overlay:
ULA-plate 2 168 135

PATU8902 Liquid Overlay:
Agarose coated 0,5/1,5/3/4/6 96 37

SAR030 Liquid Overlay:
ULA-plate 8 168 119

SAR121 Liquid Overlay:
ULA-plate 2 168 53

SAS Liquid Overlay:
Agarose coated

0,6/0,8/1,5/2/
2,5/3/4/5 96 67

SKOV3 Liquid Overlay:
ULA-plate 2/4/6/8 168 401

SW1353 Liquid Overlay:
ULA-plate 2 168 86

U87MG Liquid Overlay:
ULA-plate 2/4/6/8 168 371

U138MG Liquid Overlay:
Agarose coated 1,5/8/9/10 96 31

U251MG Liquid Overlay:
Agarose coated 9/10/11 96 16

Cy
ta

�o
n

5 CT5.3hTERT Liquid Overlay:
ULA-plate 6 48 66

In
cu

cy
te

 
S3 MCF10A

DM
EM

/F
12

 
M

at
rig

el

DM
EM

-F
12

 
BM

E Liquid Overlay:
Agarose coated 3 0-374 468

In
cu

cy
te

 Z
oo

m

4T1

Ha
ng

in
g 

Dr
op

Li
qu

id
 O

ve
rla

y:
 

U
LA

-p
la

te

2 72 16

A549 2 72 184

D2A1LUCmCherry 2 72 30

HCT116 2 72 170

HEPG2 2 72 87

PANC1 2 72 108

SKOV3 2 72 147

Le
ica

 
DM

i 1

SW837 Liquid Overlay:
Microchip 1/2/5/8/10/15/20 24-360 2317

Le
ica

 D
M

i3
00

0 
B

4T1LUC

Liquid Overlay:
Microchip

0,158/0,315/0,631/
0,946/1,262 24-168 21

ASC 0,315/0,631/
0,946 24-144 59

MDAMB231 0,315/0,631/
0,946 24-168 21

A549

Hanging Drop 2 72

55

D2A1LUCmCherry 32

HCT116 88

HEPG2 62

PANC1 33

SKOV3 44

T47D 24

Ol
ym

pu
s 

IX
05

A549-MRC5

Liquid Overlay:
ULA-plate

4 168 22

H1299 2 168 19

MRC5 10 72 23

VCaP 2 168 24

Op
er

a 
Ph

en
ix

HeLa

Liquid Overlay:
Agarose coated 2 96

14

HuH7 15

LNCap 15

MDCK 15

https://doi.org/10.1038/s41597-025-04441-x


5Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

C
el

l L
in

e
Su

pp
lie

r

2D
 C

ul
tu

re
 C

on
di

tio
n

ST
R

 p
ro

fil
e 

co
nfi

rm
at

io
n 

(Y
es

/N
o)

M
ed

iu
m

G
lu

co
se

 
co

nc
en

tr
at

io
n 

(g
/l)

A
nt

ib
io

tic
s 

(%
 P

/S
)

H
EP

ES
 

(m
M

)
O

th
er

 S
up

pl
em

en
ts

Se
ru

m
 T

yp
e

Se
ru

m
 

co
nc

en
tr

at
io

n 
(%

)
H

ea
t-

in
ac

tiv
at

ed
 

(Y
es

/N
o)

C
O

2 (
%

)

4T
1

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
N

/A

4T
1L

U
C

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
N

/A

A
54

9
AT

C
C

D
M

EM
 H

G
4.

5
1

—
—

FB
S

10
Ye

s
5

Ye
s

A
SC

Si
gm

a
D

M
EM

 H
G

, 
G

lu
ta

m
ax

4.
5

0.
5

—
—

FB
S

10
Ye

s
5

Ye
s

BE
A

S2
B

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

BT
20

AT
C

C
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

BT
47

4
Tu

m
or

ba
nk

 H
ei

de
lb

er
g

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

C
A

L3
3

Le
ib

ni
z I

ns
tit

ut
e D

SM
Z

D
M

EM
 L

G
1

1
25

—
FB

S
10

Ye
s

5
Ye

s

C
T5

.3
 h

TE
RT

Pr
im

ar
y, 

im
m

or
ta

liz
ed

 
(h

TE
RT

 tr
an

sf
ec

tio
n)

D
M

EM
 H

G
4.

5
1

—
—

FB
S

10
Ye

s
10

Ye
s

D
2A

1L
U

C
m

C
he

rr
y

G
ift

 fr
om

 C
la

re
 Is

ac
ke

, 
Lo

nd
on

, U
K

D
M

EM
 H

G
4.

5
1

—
—

FB
S

10
Ye

s
5

N
/A

D
LD

1
AT

C
C

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

Fa
D

u
AT

C
C

 (D
re

sd
en

 
su

bl
in

e)
D

M
EM

 L
G

1
1

25
—

FB
S

10
Ye

s
8

Ye
s

H
12

99
AT

C
C

RP
M

I
2

/
—

1%
 G

lu
ta

m
in

e, 
0,

1%
 in

su
lin

FB
S

10
N

o
5

Ye
s

H
C

A
2h

TE
RT

G
ift

 fr
om

 C
. J

on
es

, 
C

ar
di

ff,
 U

K
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

H
C

C
29

98
N

C
I

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

H
C

T1
5

AT
C

C
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

H
C

T1
16

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

H
EK

29
3

AT
C

C
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

H
eL

a
Te

bu
-b

io
RP

M
I

2
1

—
—

FB
S

10
N

o
5

Ye
s

H
EP

G
2

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

H
O

P6
2

N
C

I
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

H
s5

78
T

AT
C

C
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

H
SC

4
JC

RB
/H

SR
RB

 (J
ap

an
)

D
M

EM
 L

G
1

1
25

—
FB

S
10

Ye
s

5
Ye

s

H
uH

7
C

LS
 (C

el
l l

in
e s

er
vi

ce
 

G
m

bH
, E

pp
el

he
im

, 
G

er
m

an
y)

RP
M

I
2

1
—

—
FB

S
10

N
o

5
Ye

s

LN
C

ap
C

LS
RP

M
I

2
1

—
—

FB
S

10
N

o
5

Ye
s

C
on

tin
ue

d

https://doi.org/10.1038/s41597-025-04441-x


6Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

C
el

l L
in

e
Su

pp
lie

r

2D
 C

ul
tu

re
 C

on
di

tio
n

ST
R

 p
ro

fil
e 

co
nfi

rm
at

io
n 

(Y
es

/N
o)

M
ed

iu
m

G
lu

co
se

 
co

nc
en

tr
at

io
n 

(g
/l)

A
nt

ib
io

tic
s 

(%
 P

/S
)

H
EP

ES
 

(m
M

)
O

th
er

 S
up

pl
em

en
ts

Se
ru

m
 T

yp
e

Se
ru

m
 

co
nc

en
tr

at
io

n 
(%

)
H

ea
t-

in
ac

tiv
at

ed
 

(Y
es

/N
o)

C
O

2 (
%

)

M
C

F7
AT

C
C

D
M

EM
 H

G
4.

5
1

—
—

FB
S

10
Ye

s
5

Ye
s

M
C

F1
0A

AT
C

C
D

M
EM

/F
12

3.
15

1
—

0,
5 µ

g/
m

l h
yd

ro
co

rt
iso

ne
; 

20
 n

g/
m

l H
B-

EG
F;

 1
00

 n
g/

m
l C

ho
le

ra
 T

ox
in

; 1
0 µ

g/
m

l 
in

su
lin

H
or

se
 S

er
um

5
N

o
5

Ye
s

M
D

A
M

B2
31

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

M
D

A
M

B3
61

AT
C

C
D

M
EM

 L
G

1
1

—
—

FB
S

10
Ye

s
5

Ye
s

M
D

C
K

C
LS

RP
M

I
2

1
—

—
FB

S
10

N
o

5
N

/A

M
RC

5
AT

C
C

EM
EM

1
/

—
—

FB
S

10
N

o
5

Ye
s

N
C

IH
22

6
AT

C
C

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

N
C

IH
46

0
AT

C
C

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

O
V

C
A

R8
N

C
I

D
M

EM
 L

G
1

1
—

—
FB

S
10

Ye
s

5
Ye

s

PA
N

C
1

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

Pa
Tu

89
02

D
SM

Z
D

M
EM

 L
G

1
1

25
—

FB
S

10
Ye

s
8

Ye
s

SA
R0

30
Pr

im
ar

y, 
ea

rly
-p

as
sa

ge
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

SA
R1

21
Pr

im
ar

y, 
ea

rly
-p

as
sa

ge
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

SA
S

JC
RB

/H
SR

RB
 (J

ap
an

)
D

M
EM

 L
G

1
1

25
—

FB
S

10
Ye

s
8

Ye
s

SK
O

V
3

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

SW
83

7
AT

C
C

D
M

EM
/F

12
3.

15
1

—
—

FB
S

10
Ye

s
5

Ye
s

SW
13

53
AT

C
C

D
M

EM
 H

G
4.

5
1

—
—

FB
S

10
Ye

s
5

Ye
s

T4
7D

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

U
87

M
G

AT
C

C
D

M
EM

 H
G

4.
5

1
—

—
FB

S
10

Ye
s

5
Ye

s

U
13

8M
G

C
LS

M
EM

1
1

25
—

FB
S

10
Ye

s
5

Ye
s

U
25

1M
G

C
LS

M
EM

1
1

25
—

FB
S

10
Ye

s
5

Ye
s

V
C

aP
AT

C
C

D
M

EM
 H

G
4.

5
/

—
—

FB
S

10
N

o
5

Ye
s

Ta
bl

e 2
. 

2D
 ce

ll 
cu

ltu
re

 co
nd

iti
on

s. 
Su

m
m

ar
y 

of
 cu

ltu
re

 co
nd

iti
on

s p
rio

r t
o 

sp
he

ro
id

 fo
rm

at
io

n.
 N

/A
, n

ot
 ap

pl
ic

ab
le

.

https://doi.org/10.1038/s41597-025-04441-x


7Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

M
ic

ro
sc

op
e

O
bj

ec
tiv

e(
s)

C
am

er
a

So
ftw

ar
e

M
od

el
Br

an
d

La
b

M
ic

ro
sc

op
ic

 
te

ch
ni

qu
e

Br
an

d
M

ag
ni

fic
at

io
n

Im
m

er
si

on
 

M
ed

iu
m

N
om

in
al

 
A

pe
rt

ur
e (

N
A

)
W

or
ki

ng
 D

is
ta

nc
e 

(W
D

, i
n 

m
m

)
Ty

pe
R

es
ol

ut
io

n 
(p

ix
el

s)
Sc

al
e (

pi
xe

l/
µm

)
N

am
e

Ve
rs

io
n

A
xi

ov
er

t 2
00

Ze
iss

Ku
nz

-S
ch

ug
ha

rt
Ph

as
e-

co
nt

ra
st

Ze
iss

10
x

A
ir

0.
3

5.
2

A
xi

oC
am

M
Rc

13
00

 ×
 10

30
1.

54
08

K
S3

00
3.

0

A
xi

ov
er

t 2
00

 M
Ze

iss

D
e W

ev
er

Ph
as

e-
co

nt
ra

st
Ze

iss
10

x
A

ir
0.

25
4.

2
A

xi
oC

am
 H

Rm
13

00
 ×

 10
30

0.
93

98
A

xi
ov

isi
on

SE
64

Re
l.4

.7

Ku
nz

-S
ch

ug
ha

rt
Ph

as
e-

co
nt

ra
st

Ze
iss

5x
A

ir
0.

12
18

.5
A

xi
oC

am
M

R
13

00
 ×

 10
30

0.
49

00
A

xi
ov

isi
on

SE
64

Re
l.4

.5

Ku
nz

-S
ch

ug
ha

rt
Ph

as
e-

co
nt

ra
st

Ze
iss

10
x

A
ir

0.
3

5.
2

A
xi

oC
am

M
R

13
00

 ×
 10

30
0.

96
99

A
xi

ov
isi

on
SE

64
Re

l.4
.5

C
yt

at
io

n 
5

A
gi

le
nt

D
e W

ev
er

Br
ig

ht
fie

ld
O

ly
m

pu
s

4x
A

ir
0.

13
17

So
ny

 IM
X

 2
64

 C
M

O
S

19
92

 ×
 19

92
0.

57
34

G
en

5
3.

14

In
cu

cy
te

S3
Sa

rt
or

iu
s

Ta
ka

ya
m

a
Ph

as
e-

co
nt

ra
st

N
ik

on
10

x
A

ir
0.

3
7.

2
C

M
O

S
14

08
 ×

 10
40

0.
80

00
In

cu
C

yt
e

V
20

19
B 

Re
v2

In
cu

cy
te

Zo
om

Sa
rt

or
iu

s
D

e W
ev

er
Ph

as
e-

co
nt

ra
st

N
ik

on
10

x
A

ir
0.

3
16

.0
Ba

sle
r S

ca
13

92
 ×

 10
38

0.
81

97
In

cu
C

yt
e

V
20

19
B

Le
ic

a D
M

I1
Le

ic
a

C
ru

z
Br

ig
ht

fie
ld

Le
ic

a
10

x
A

ir
0.

22
45

.0
Le

ic
a M

C
17

0 
H

D
25

92
 ×

 19
44

2.
00

00
LA

S 
so

ftw
ar

e
/

Le
ic

a D
M

I3
00

0 
B

Le
ic

a
D

e W
ev

er
Ph

as
e-

co
nt

ra
st

Le
ic

a
5x

A
ir

0.
12

14
.0

Le
ic

a D
FC

35
0 

FX
16

00
 ×

 12
00

0.
62

50
LA

S 
so

ftw
ar

e
/

O
ly

m
pu

s I
X

05
O

ly
m

pu
s

Te
se

i
Br

ig
ht

fie
ld

O
ly

m
pu

s
4x

A
ir

0.
13

17
.0

N
ik

on
 D

ig
ita

l S
ig

ht
 

D
S-

V
i1

80
0 ×

 60
0

0.
29

88
N

IS
 

El
em

en
ts

 
D

ve
r. 

4.
10

O
pe

ra
 P

he
ni

x
Pe

rk
in

 
El

m
er

St
ei

ge
m

an
n

Br
ig

ht
fie

ld
Ze

iss
10

x
A

ir
0.

3
5.

2
sC

M
O

S
10

80
 ×

 10
80

0.
83

54
H

ar
m

on
y

4.
9

Ta
bl

e 3
. 

M
ic

ro
sc

op
y 

se
t-

up
. S

et
-u

p 
fo

r e
ac

h 
m

ic
ro

sc
op

e, 
in

cl
ud

in
g 

ob
je

ct
iv

es
, c

am
er

a s
ys

te
m

 an
d 

so
ftw

ar
e d

et
ai

ls.

https://doi.org/10.1038/s41597-025-04441-x


8Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

All human cell lines were authenticated via STR profiling (ATCC, United States; DSMZ, Germany; Eurofins, 
Luxembourg; Genomic Scientific Platforms, i3S, Portugal; Institute of Legal Medicine, TU Dresden, Germany) 
and routinely tested to exclude Mycoplasma contamination.

Spheroid formation. 

	 a.	 Liquid overlay: Ultra-Low Attachment (ULA) plate

4T1, A549, BEAS2B, CT5.3 hTERT, D2A1LUCmCherry, HCA2hTERT, HCT116, HEPG2, MCF7, PANC1, 
SAR030, SAR121, SKOV3, SW1353 and U87MG

The U-shaped, 96-well (CLS7007-24EA, Sigma-Aldrich, Saint Louis MO, USA) and 384-well (MS-9384UZ, 
S-bio, Hudson NH, USA) ultra-low attachment (ULA) plates were seeded in a suspension of respectively 200 µl 
or 80 µl cell culture media with different seeding densities (Table 1). Culture media were DMEM high glucose 
(HG) (41965039, ThermoFisher), DMEM/F12 (1:1) (41965039 and 21765029, ThermoFisher), RPMI1640 
(21875091, ThermoFisher), DMEM low glucose (LG) (31885023, ThermoFisher), EMEM (10-009-CV, Corning) 
and MEM (10370-047, ThermoFisher), all supplemented with 10% FBS, 100IU/ml penicillin and 100 mg/ml 
streptomycin (P/S). The ULA plates were sealed with Breathe-Easy semipermeable tape (BEM-1, Dedham MA, 
USA) to prevent evaporation. The spheroids were cultured at 37 °C in an atmosphere of 5% CO2 under normoxia.

MCF10A: BME, Matrigel

To culture MCF10A mammary 3D spheroids, MCF10A cells were seeded in 384-well U-shaped ULA 
(#MS-9384UZ, S-bio, Hudson, NH, USA) plate. We have previously reported the use of 384-well culture plat-
forms to form MCF10A spheroids and refer to the culture protocol21–23. Briefly, MCF10A cells were cultured in 
growth media containing DMEM/F12 (11330-032, Gibco) and supplemented with 5% horse serum (16050-122, 
Gibco), 20 ng/ml HB-EGF (100-47, Peprotech), 0.5 µg/ml hydrocortisone (H0888, Sigma), 100 ng/ml Cholera 
toxin (C8052, Sigma), and 10 µg/ml insulin (I1882, Sigma). 2D cultures were maintained at 37 °C and 5% CO2 
in T75 culture flasks, supplemented with 1% P/S (15140-163, Gibco), and routinely passaged at 70–80% con-
fluence. To culture 3D spheroid formation in 384-well ULA plate 3 × 103 MCF10A cells were seeded in each 
well in a final volume of 25 μl22. The cells were supplemented with 0.24% methocel A4M (94378, Sigma), 10% 
FBS (900-108, GemiBio), 120 µg/ml MatrigelTM (256231, Corning) or 100 µg/ml Cultrex UltiMatrix Basement 
Membrane Extract (BME001-01, R&D system). On day 3 of spheroid culture, the media was exchanged 3 times 
to wash out the seeding supplements using a CyBio FeliX liquid handling machine (Analytik Jena). For routine 
culture, media was exchanged 2 times every 2-3 days. While the spheroids were maintained in ULA culture, they 
were imaged using an Incucyte S3 (Sartorious) in-incubator microscope system.

A549-MRC5, H1299, MRC5, VcaP

U-bottom 96-well (CLS7007-24EA, Sigma-Aldrich, Saint Louis MO, USA) and 384-well (MS-9384UZ, S-bio, 
Hudson NH, USA) ULA plates were seeded with a suspension of 80 µl cell culture media with 2 × 10³ (H1299, 
VCAP cells) and 10 × 103 (MRC5 cells). About the heterotypic multicellular spheroids composed by A549 and 
MRC5 cells, a mixed suspension of 80 µl cell culture media with both cell lines in a 1:1 ratio was used (i.e. 2 × 103 
A549:2 × 103 MRC5). Culture media were: RPMI (ECB9006, Euroclone) supplemented with 1% L-glutamine, 
0.1% Insulin for H1299 cells; EMEM (30–2003, ATCC) for MRC5 and A549-MRC5 spheroids and DMEM high 
glucose (41965039, ThermoFisher) for VCAP. All culture media were supplemented with 10% FBS and without 
antibiotic/antimycotic. The ULA plates were sealed with Breathe-Easy semipermeable tape (BEM-1, Dedham MA, 
USA) to prevent evaporation. The spheroids were cultured at 37 °C in an atmosphere of 5% CO2 under normoxia.

	 b.	 Liquid overlay: agarose-coated plate

BT20, BT474, CAL33, DLD1, FaDu, HCC2998, HCT15, HEK293, HOP62, Hs578T, HSC4, MDAMB361, 
NCIH226, NCIH460, OVCAR8, PaTu8902, SAS, U138MG, U251MG

Spheroids from these cells lines derive from spheroid experiments using the liquid-overlay approach in 
flat-bottom 96-well plates coated with 50 µl/well of 1.5% agarose in serum-free medium (A8539-100G, Sigma 
Aldrich) as described in Friedrich et al.24, with all materials and distributors as detailed. In brief, all epithe-
lial cancer cell types were routinely grown in DMEM with physiological (low) glucose concentration (LG), 
with or without 25 mM HEPES (P04-05551 and P04-01550 respectively, Pan Biotech), supplemented with 10% 
heat-inactivated FBS, 100 IU/ml penicillin and 100 mg/ml streptomycin (1% P/S) (Pan Biotech). U138-MG and 
U251 glioblastoma cell lines and spheroids were cultured in MEM Eagle with EBSS (P04-08250, Pan Biotech), 
supplemented with 10% FBS and antibiotics (1% P/S). Spheroids were formed by seeding single cell suspensions 
on the agarose-coated wells and were kept at 37 °C, normoxia, 5% or 8% CO2, as highlighted in Tables 1, 2.

Hela, HuH7, LNCap, MDCK

Spheroid formation was carried out using a modified version of the liquid overlay technique25. 10 µl of a 
heated 1.5% w/v agarose (in DMEM (11880036, ThermoFischer), without FBS) solution was dispended by liquid 
dispensers (Multidrop Combi, Thermo Scientific) into sterile 384-well clear bottom imaging plates (6057308, 

https://doi.org/10.1038/s41597-025-04441-x


9Scientific Data |          (2025) 12:283  | https://doi.org/10.1038/s41597-025-04441-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

Perkin Elmer) and cooled down at room temperature. Next, single cell suspensions were seeded in 40 µl 
RPMI1640 (21875-034, Gibco) containing 10% FBS supplemented with 1% P/S using a liquid dispenser. The 
plates were then incubated under standard cell culture conditions at 37 °C and 5% CO2 in humidified incubators.

	 c.	 Liquid overlay: Microchip

Fig. 3  Structure of SLiMIA. SLiMIA is subdivided into 9 microscopes where each microscope folder contains 
a folder with images and a mirroring folder with the corresponding manual segmentations. In the second level 
each microscope folder is subdivided in cell line folders. One level lower, folders are named by the cell seeding 
density per well/drop. Except for Incucyte S3 where T1-T7 represent technical replicates of spheroids followed 
over time (0–374 h).
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4T1LUC, ASC, MDAMB231

Agarose microchips with 400 µm diameter pores were prepared as follows: 3 g UltraPure Agarose (16500-500, 
Invitrogen) was dissolved in 100 ml sterile PBS- by heating, resulting in a 3% w/v agarose solution. This solution 
was poured over a negative polydimethylsiloxane (PDMS) mold (height 3 mm, diameter 18 mm) which contains 
1585 (400 µm) pores. Once solidified, the agarose microchips were separated from their molds and placed in a 
12-well plate. Next, 500 µl of cell suspension was seeded onto the 400 µm pore microchip.

SW837

Agarose microchips with 800 µm diameter pores were prepared as follows: 2 g SeaKem® LE Agarose (50004, 
Lonza) was dissolved in 100 ml sterile 0.9% NaCl by heating, resulting in a 2% w/v agarose solution. This solution 
was poured over a MicroTissues® 3D Petri Dish micro-mold (Z764000-6EA, Merck) which contains 81 pores. 
Once solidified, the agarose microchips were separated from their molds and placed in a 12-well plate. Next, 
190 µl of cell suspension SW837 was seeded onto the microchip.

	 d.	 Hanging drop

In the hanging drop method, 2 × 10³ cells were plated under the lids of petri dishes (A19618, Novolab, 
Geraardsbergen, Belgium) in 20 µl drops of DMEM HG (41965039, ThermoFisher) or DMEM LG (31885023, 
ThermoFisher). The bottom of the petri dishes was filled with 10 ml PBSD− to limit evaporation.

Light microscope.  Each applied microscopic set-up (microscope, objectives, camera system and acquisition 
software) is summarized in Table 3.

Image processing and statistics.  AnaSP (v1.4) has been applied to segment the spheroid images and extract 
morphological parameters26. Principal component analysis (PCA) was performed in Graphpad Prism (v9.3.1) with 
11 cell lines which are representative for the various morphological types of spheroids and of which sufficient bio-
logical (≥3) and technical (≥6) were obtained. These spheroids were all cultured in ULA plates (cfr. supra).

Manual segmentation.  Each light microscopy image underwent manual segmentation. In AnaSP (v1.4)26 
the authors and contributors manually segmented the spheroid images, distinguishing foreground (spheroid) 
from background. For the manual segmentation the spheroid images are enlarged to optimally distinguish fore-
ground from background. This segmentation results in a binary (B/W) ome.tiff image with the identical name 
as the original raw image. These manual segmentation images can be thus considered as ground truth images.

Image conversion.  To retain a maximum amount of metadata, to facilitate handling of multidimensional 
pixel information (e.g. for annotation and deep learning workflows) and to create uniformity the microscopic 
images were converted from a .jpg- or .tiff- to an ome.tiff-format by use of bftools (Bio-Formats, v5.6.0).

Data Records
SLiMIA is accessible at Figshare5. Figure 3 demonstrates that SLiMIA consists of 3 levels. In the first level, the 
atlas is subdivided in 9 folders named by microscope (e.g. Axiovert 200, Incucyte S3) where each microscope 
folder contains a folder with images and a mirroring folder with the corresponding manual segmentations. 
In the second level, folders are named by the cell line of the spheroids (e.g. BT20, BT474, DLD1). In the third 
level, folders are described by the cell seeding density applied to form spheroids (e.g. 800, 1000, 2000). Except 
for Incucyte S3 where T1-T7 represent technical replicates of spheroids followed over time. The last level holds 
the spheroid images. To provide as much metadata as possible per image, each image file is named as follows:

“CELLLINENAME_CULTUREMEDIUM_FormationMethod_CellSeedingDensity_TimepointOfImaging_
BiologicalReplicateNumber_TechnicalReplicateNumber_Magnification.ome.tiff ”

For example:

D2A1LUCmCherry_DMEMLG_HangingDrop_2000cells_72h_B1_T5_10x.ome.tiff

The images contain raw data only. No processing has occurred apart from image conversion to grayscale and to 
ome.tiff.

Technical Validation
Two independent observers (AP, SK) visually verified the quality of the images with special attention for focus, 
inclusion of all spheroid borders, absence of non-cellular (e.g. dust) particles which could interfere with sphe-
roid structure. Images that did not qualify were removed from the dataset. Brightness and contrast were evalu-
ated on a second level since these parameters are easily adjustable through most image software packages.
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Code availability
No custom code was utilized in this work. Some versions of ImageJ need the Bio-Formats plugin to open ome.tiff 
files (https://www.openmicroscopy.org/bio-formats/downloads/).
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