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  Abstract 

 During necrosis and following some instances of apoptosis (in particular in the absence of a pro fi cient 
phagocytic system), the nonhistone chromatin component high-mobility group box 1 (HMGB1) is 
released in the extracellular space. In vivo, extracellular HMGB1 can bind Toll-like receptor 4 on the sur-
face of dendritic cells, de facto operating as a danger-associated molecular pattern and alarming the organ-
ism to the presence of stressful conditions. Recent results indicate that the release of HMGB1 is one of the 
key features for cell death to be perceived as immunogenic, i.e., to be capable of triggering a cognate 
immune response in vivo. Thus, only anticancer agents that—among other features—allow for the release 
of HMGB1 as they induce cell death are expected to stimulate anticancer immune responses. To investi-
gate the immunogenic potential of conventional anticancer agents and novel cell death inducers on a high-
throughput scale, we engineered human osteosarcoma U2OS cells to express HMGB1 fused at the 
N-terminus of the green  fl uorescent protein (GFP). Coupled to  fl uorescence microscopy workstations for 
automated image acquisition and analysis, this HMGB1-GFP-based biosensor is amenable for the 
identi fi cation of potential inducers of immunogenic cell death among large chemical libraries.  
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 For a long time, necrosis has been considered as a purely accidental 
cell death mode, and was operationally de fi ned by the absence of 
morphological traits of apoptosis and autophagy  [  1,   2  ] . Thus, until 
a few years ago, necrosis was viewed as a totally uncontrollable 
process, featuring the early breakdown of the plasma membrane 
followed by a rather disorganized degradation/release of the intra-
cellular content  [  3  ] . Recently, it has become clear that—similar to 
apoptosis—primary necrosis can be regulated, in both its occur-
rence and its course  [  4  ] . This has stimulated an intense wave of 
investigation on the signaling pathways that underpin regulated 
necrosis  [  5–  7  ] . In addition, accumulating evidence indicates that 
regulated necrosis plays a critical role in multiple physiological and 

  1  Introduction
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pathological settings  [  8–  10  ] , de facto generating interest in the 
discovery/development of chemicals that would speci fi cally acti-
vate or inhibit regulated necrosis. Inducers of regulated necrosis 
would indeed constitute promising anticancer agents, in particular 
for the therapy of chemorefractory (which near-to-always means 
apoptosis-resistant) tumors. Conversely, inhibitors of the signaling 
pathways that drive regulated necrosis would be particularly useful 
for avoiding unwarranted cell death in multiple pathophysiological 
settings, including ischemia and viral infection  [  11  ] . These recent 
developments in the  fi eld of cell death research have raised the 
need for cell death assays that speci fi cally detect (regulated) necro-
sis on a high-throughput basis. 

 Primary necrosis can be accidental (such as in the case of cells 
succumbing to very harsh environmental conditions like freeze–
thaw cycles) or regulated (such as that ignited by the ligation of 
some death receptors in conditions in which caspase-8 cannot be 
activated). In addition, necrosis can ensue apoptosis (as well as 
other cell death subroutines)  [  12  ] , especially in vitro or in the 
absence of a pro fi cient phagocytic system  [  13  ] . In this setting, 
which is known as secondary necrosis, apoptotic bodies that are 
not properly cleared by phagocytic cells progressively lose their 
integrity, eventually allowing for the spillage of intracellular con-
tents into the extracellular milieu  [  13  ] . Importantly, primary 
necrosis (be it accidental or regulated) and secondary necrosis con-
verge on similar cellular disintegration features  [  14  ] , implying that 
end-stage determinations are inappropriate for discriminating 
among these mechanistically distinct cell death modes. Similar 
considerations can be made for the early stages of these catabolic 
processes: most of the biochemical features that characterize the 
activation and execution of regulated necrosis (e.g., mitochondrial 
and lysosomal membrane permeabilization, abrupt ATP consump-
tion, overgeneration of reactive oxygen species by mitochondria 
and non-mitochondrial sources, cytosolic Ca 2+  overload, activation 
of non-caspase proteases) can be detected in instances of apoptotic 
cell death and accidental necrosis  [  3,   5  ] . Thus, current techniques 
for discriminating primary necrosis from post-apoptotic secondary 
necrosis are all based on kinetic determinations  [  3  ] . 

 One common approach in this sense is based on the detec-
tion of plasma membrane integrity. Indeed, whereas apoptotic 
cells and apoptotic bodies retain intact plasma membranes for 
relatively long periods (in the range of hours–days), cells suc-
cumbing to primary necrosis rapidly undergo plasma membrane 
permeabilization  [  3,   7  ] . Several methods have been developed to 
follow the permeabilization of plasma membranes, including 
techniques based on the uptake by dying cells of exclusion dyes 
(i.e., compounds that enter cells only when the integrity or their 
membrane is compromised) as well as protocols based on the 
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detection in the extracellular milieu of non-secreted intracellular 
proteins, including lactate dehydrogenase (LDH) and high-
mobility group box 1 (HMGB1)  [  3,   15  ] . 

 LDH has been extensively used to monitor plasma membrane 
breakdown as it is enzymatically active, which largely facilitates colo-
rimetric detection  [  5,   15  ] . HMGB1 is a nonhistone chromatin 
component involved in transcriptional regulation but devoid of 
enzymatic activity  [  16  ] . Irrespective of this, the quanti fi cation of 
extracellular HMGB1 with commercially available ELISA-based kits 
has become a routine approach for monitoring necrosis, presumably 
due to the fact that extracellular HMGB1 has been recognized as a 
potent pro-in fl ammatory agent  [  16–  18  ] , and hence intimately 
(though incorrectly, at least in part) associated with necrosis. Recent 
data indicate indeed that HMGB1 is released not only following 
necrosis but also in some instances of apoptosis  [  19  ] , arguing against 
the use of extracellular HMGB1 as a necrosis-speci fi c marker. 

 However, as the interaction between HMGB1 and Toll-like 
receptor 4 (TLR4) has been shown to be one of the key features of 
immunogenic cell death (ICD)  [  20,   21  ] , the interest in monitor-
ing the release of HMGB1 has not vanished, but only changed 
focus. Thus, extracellular HMGB1 is now being used as a surro-
gate marker of the immunogenic potential of chemotherapeutic 
agents and other cell death inducers. Importantly, the release of 
HMGB1 is required, but not suf fi cient, for cell death to be per-
ceived as immunogenic, implying that other parameters must be 
monitored to con fi rm the ability of speci fi c compounds to trigger 
ICD  [  20  ] . In this setting, in vivo vaccination tests remain the gold 
standard method for determining the true immunogenic potential 
of putative ICD inducers  [  22  ] . This said, the detection of HMGB1 
release on a high-throughput basis might constitute a reliable and 
relatively inexpensive tool to perform primary screens on large 
chemical libraries for the identi fi cation of ICD inducers. 

 Commercial kits for the ELISA-based end-point quanti fi cation of 
HMGB1 in culture supernatants (and body  fl uids) are relatively inap-
propriate for this aim, as they are intrinsically unable to monitor the 
dynamic aspects of HMGB1 release. To circumvent this issue while 
maintaining the possibility to perform end-point determinations, we 
engineered human osteosarcoma U2OS cells to express HMGB1 
fused at the N-terminus of the green  fl uorescent protein (GFP) and 
developed a  fl uorescence microscopy-based automated method for 
the high-throughput analysis of HMGB1 release. It should be noted 
that the immunodetection of HMGB1 was not an option for our 
aims. Indeed, cells that release HMGB1 are in the late steps of the cell 
death program, and hence prone to detach from the substrate. In this 
context, minimizing the number of washing steps represents  a condi-
tio sine qua non  for avoiding an excessive loss of cells from samples, 
rendering immuno fl uorescence microscopy-based techniques incom-
patible with this approach. 
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 To provide a proof of principle for our approach, we  fi rst 
treated U2OS cells stably expressing HMGB1-GFP with the 
prototypic ICD inducer mitoxantrone (MTX) and followed by the 
release of HMGB1 by videomicroscopy (Fig.  1 ). Then, we tested 
HMGB1 release on  fi xed samples. To this aim, U2OS cells stably 
expressing HMGB1-GFP were left untreated or treated with MTX 
for 24 or 48 h, followed by  fi xation and nuclear counterstaining 
with the chromatinophilic dye Hoechst 33342. This additional 
step was undertaken as it facilitates the generation of regions of 
interest (ROIs) by the software for automated image analysis 
(Fig.  2 ), hence facilitating the processing of large amount of 
images. Of note, while the majority of untreated cells retained 
HMGB1 in the nucleus (Fig.  3a ), MTX induced HMGB1 release 
in a vast proportion of cells, concomitant with morphological signs 
of apoptosis (nuclear shrinkage) (Fig.  3b ).    

 The  fl uorescent biosensor that we describe here is amenable to 
the kinetic analysis of HMGB1 release in a high number of sam-
ples, de facto being compatible with large drug screening cam-
paigns and genome-wide siRNA-based screens.  

 

       1.    96-well black/clear, poly- L -lysine-treated plates,  fl at bottom 
with lid.  

    2.    1.5 mL microcentrifuge tubes.  
    3.    15 and 50 mL conical centrifuge tubes.  
    4.    25, 75, or 175 cm 2   fl asks for cell culture.  
    5.    6-, 12-, and 96-well plates for cell culture.      

  2  Materials

  2.1  Common 
Materials

  2.1.1  Disposables

  Fig. 1    Release of HMGB1 in the context of immunogenic cell death. Human osteosarcoma U2OS cells stably 
expressing a HMGB1-GFP fusion protein were treated with 2  m M mitoxantrone (MTX) and then green 
 fl uorescence was monitored by videomicroscopy for a total time of 27 h. Representative snapshots are 
depicted. Scale bar = 10  m m. Please note the progressive loss of the nuclear green signal, paralleled by an 
increase in extracellular  fl uorescence       
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  Fig. 2    Image segmentation for the de fi nition of regions of interest (ROIs). Human osteosarcoma U2OS cells 
stably expressing a HMGB1-GFP fusion protein were maintained in culture conditions for 24 h, then  fi xed, and 
counterstained with Hoechst 33342 as described in Subheading  3.3 ,  step 3 . Images captured with the BD 
Pathway 855 workstation are automatically treated to generate ROIs based on the Hoechst 33342 signal. This 
segmentation mask allows the software to identify nuclei, and hence to decipher the localization of HMGB1-
GFP in merged images. Scale bar = 10  m m       

  Fig. 3    Quantitative assessment of HMGB1 release. Human osteosarcoma U2OS 
cells stably expressing a HMGB1-GFP fusion as well as a H2B-RFP chimera were 
maintained in control conditions (CTR) or treated with 2  m M mitoxantrone (MTX) 
for 24 h. Thereafter, cells were processed for the automated detection of HMGB1 
release as described in Subheading  3.3 ,  steps 3 – 5 . In panel ( a ), representative 
images are reported (scale bar = 10  m m). Panel ( b ) depicts quantitative data 
(mean ± SEM,  n  = 4 view fi elds containing at least 250 cells each, triplicate 
 independent determinations)       
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      1.    Bright- fi eld inverted microscope: XDS-1R (Optika, 
Ponteranica, Italy), equipped with 10×, 25×, and 40× long 
working distance planachromatic objectives.  

    2.    Automated imaging workstation: Pathway 855 (BD, San José, 
USA), equipped with a 20× UApo/340 apochromatic objec-
tive with 0.75 numerical aperture (Olympus, Tokyo, Japan), 
Photo fl uor II light sources (Chroma, Rockingham, USA), an 
ORCA-AG Deep Cooled Digital Camera (Hamamatsu 
Photonics, Hamamatsu, Japan), and appropriate excitation/
emission  fi lter sets (Semrock, Rochester, USA).  

    3.    Cell sorter: FACSVantage (BD), equipped with a UV laser and 
a 70  m m nozzle, in association with the operational/analytical 
software CellQuest™ Pro (BD).      

      1.    Complete growth medium for U2OS cells: Dulbecco’s 
modi fi ed essential medium (DMEM) containing 4.5 g/L glu-
cose,  L -glutamine, and pyruvate, supplemented with 100 mM 
HEPES buffer, 1× nonessential amino acids, 100 U/mL peni-
cillin G (sodium salt), 100  m g/mL streptomycin sulfate, and 
10 % fetal bovine serum (FBS) ( see   Note 1 ).  

    2.    Phosphate-buffered saline (PBS, 1×): 137 mM NaCl, 2.7 mM 
KCl, 4.3 mM Na 2 HPO 4 , 1.4 mM KH 2 PO 4  in deionized water 
(dH 2 O), adjust pH to 7.4 with 2 N NaOH.  

    3.    Trypsin/EDTA: 0.25 % trypsin–0.38 g/L (1 mM) EDTA × 4 
Na +  in Hank’s Balanced Salt Solution (HBSS, Sigma), stored 
at −20 °C ( see   Notes 2  and  3 ).  

    4.    Alignment beads: AlignFlow™ Plus  fl ow cytometry alignment 
beads, Ø = 6  m m, for 350–370 nm and 488 nm excitation 
(Molecular Probes-Life Technologies, Grand Island, USA), 
stock solution at 1.2 × 10 8  beads/mL, stored at 4 °C under 
protection from light ( see   Notes 4  and  5 ).  

    5.    Sheath  fl uid: FACSFlow™ (BD), stored at room temperature 
(RT) ( see   Note 6 ).       

      1.    G418 sulfate (geneticin), stock solution at 50 mg/mL, stored 
   at −20 °C ( see   Notes 7 – 9 ).  

    2.    pGFP-N1 (Clonetech Laboratories Inc, Mountain View, USA) 
with HMGB1 inserted in the  EcoR I/ Sac II site (pHMGB1-
GFP), stock solution in dH 2 O, 1 mg/mL, stored at −20 °C 
( see   Note 10 ).  

    3.    Lipofectamine™ 2000 transfection reagent (Invitrogen-Life 
Technologies), stored at 4 °C ( see   Note 11 ).  

    4.    Opti-MEM ® -I reduced serum medium supplemented with 
phenol red (Gibco-Life Technologies), stored at 4 °C 
( see   Note 11 ).      

  2.1.2  Equipment

  2.1.3  Reagents

  2.2  Generation 
of HMGB1-GFP-
Expressing U2OS Cells
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      1.    Phenol red-free DMEM containing 4.5 g/L glucose,  L -glutamine, 
and pyruvate, supplemented with 25 mM HEPES buffer and 
1× nonessential amino acids.  

    2.    2 mM MTX (Sigma-Aldrich, St. Louis, USA), stock solution 
in dH 2 O, stored at 4 °C under protection from light and in 
tightly sealed containers ( see   Notes 12  and  13 ).  

    3.    10 mg/mL Hoechst 33342 (Molecular Probes-Life 
Technologies), stock solution in dH 2 O, stored at 4 °C under 
protection from light ( see   Notes 14  and  15 ).  

    4.    Fixative solution: 8 % paraformaldehyde (PFA), supplemented 
with 4 mg/mL Hoechst 33342 (w/v in PBS) solution 
( see   Notes 16  and  17 ).       

 

      1.    Upon thawing, U2OS cells are routinely maintained in com-
plete growth medium in 75–175 cm 2   fl asks (37 °C, 5 % CO 2 ) 
( see   Note 18 ).  

    2.    When con fl uence approaches 70–90 %, cells are detached with 
trypsin/EDTA ( see   Notes 19 – 22 ) to constitute fresh mainte-
nance cultures ( see   Notes 23  and  24 ) and to provide cells for 
experimental determinations.  

    3.    The latter are carried out in 6-well standard or 96-well imaging 
plates, according to the speci fi c experimental setting.      

      1.    2 × 10 5  U2OS cells are seeded in 6-well plates (in 2 mL growth 
medium per well) and allowed to adhere for 12–24 h 
( see   Notes 25  and  26 ).  

    2.    Transfection complexes are generated as follows (conditions 
on a per well basis):
   (a)    3  m L Lipofectamine™ 2000 transfection reagent are diluted 

in 50  m L pre-warmed Opti-MEM ® -I.  
   (b)    Meanwhile, 1.5  m g pHMGB1-EGFP are dissolved in 

50  m L pre-warmed Opti-MEM ® -I.  
   (c)    After 5 min of incubation at RT, the plasmid and 

Lipofectamine™ 2000 solutions are combined (total vol-
ume = 100  m L), gently mixed, and kept for further 
15–20 min at RT ( see   Notes 27  and  28 ).      

    3.    While transfection complexes form, complete growth medium 
is substituted with serum-free medium (1 mL per well) 
( see   Note 29 ).  

    4.    When complex formation is over, 100  m L transfection com-
plexes are added dropwise to each well, and plates are gently 

  2.3  Characterization 
of HMGB1 Release 
by Automated 
Microscopy

  3  Methods

  3.1  Cell Culture

  3.2  Generation 
of HMGB1-GFP-
Expressing U2OS Cells
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whirled and kept in standard culture conditions (37 °C, 5 % 
CO 2 ) for 4–6 h ( see   Note 30 ).  

    5.    Standard culture conditions are reestablished by the addition 
of complete growth medium supplemented with 30 % FBS 
(500  m L per well) ( see   Note 31 ).  

    6.    The next day, cells are detached and reseeded in 6- or 12-well 
plates, in complete growth medium supplemented with 1 mg/
mL G418 ( see   Notes 19 – 22 ).  

    7.    HMGB1-GFP-expressing clones are sorted in sterile condi-
tions by FACS (1 cell/well in 96-well plates, in 200  m L com-
plete growth medium) or by the limiting dilution technique 
(0.1, 1, and 3 cells/well in 96-well plates; in 200  m L complete 
growth medium) ( see   Notes 32 – 35 ).  

    8.    Following 7–10 days of culture in standard conditions 
( see   Note 36 ), HMGB1-GFP-expressing clones are visually 
identi fi ed by  fl uorescence microscopy-assisted inspection.  

    9.    Selected clones are ampli fi ed and several aliquots for use and 
long-term storage in liquid nitrogen are generated starting 
from a homogenous and healthy population ( see   Note 37 ).      

      1.    0.5–1 × 10 3  HMGB1-GFP-expressing U2OS cells 
( see  Subheading  3.2 ) are seeded in 100  m L phenol red-free 
growth medium in 96-well imaging plates and let adapt for 
12–24 h ( see   Note 25 ).  

    2.    Thereafter, cells are treated with the compounds of choice pre-
viously diluted (3×) in 50  m L complete growth medium. As a 
positive control, 1–4  m M ( fi nal concentration) MTX can be 
employed.  

    3.    Upon incubation for the time of choice ( see   Note 38 ), 50  m L 
of  fi xative solution ( see   Note 39 ) are gently added to each 
well.  

    4.    Images (4 view fi elds/well, to ensure a minimum of 250 cells 
per experimental condition) are acquired by the automated 
workstation and data stored on an external server prior to 
 analysis ( see   Note 40 ).  

    5.    Analysis includes:
   (a)    The generation of ROIs based on automatically thresh-

olded Hoechst 33342 signal (identifying nuclei) 
( see   Notes 41 – 43 ).  

   (b)    The calculation of mean GFP  fl uorescence intensity in each 
ROI, de fi ning the presence/absence of nuclear HMGB1 
( see   Note 44 ).  

   (c)    The estimation of nuclear area, as an indicator of apoptotic 
nuclear shrinkage ( see   Note 45 ).           

  3.3  Characterization 
of HMGB1 Release 
by Automated 
Microscopy
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     1.    Optimal growth conditions (e.g., medium composition, 
supplements) vary according to the cell line of choice, and may 
quite dramatically in fl uence not only growth rates but also the 
response to cell death inducers. For this reason, we suggest to 
use the medium that is most suitable for the cell line of choice, 
as recommended by the American Type Culture Collection 
(ATCC, Manassas, USA).  

    2.    Appropriately stored (−20 °C, under protection from light), 
trypsin–EDTA is stable for at least 18 months.  

    3.    EDTA is not currently listed as a carcinogen by the National 
Toxicology Program (NTP), the International Agency for 
Research on Cancer (IARC), or the Occupational Safety and 
Health Administration (OSHA).  

    4.    AlignFlow™ Plus  fl ow cytometry alignment beads are provided 
as suspensions in water containing 0.05 % Tween 20 and 2 mM 
sodium azide (NaN 3 ). Tween 20 is not currently listed as a 
carcinogen by NTP, IARC, or OSHA, yet may behave as a 
mild irritant for the eyes, skin, and respiratory system. NaN 3  is 
toxic by ingestion and under acidic conditions may release the 
highly toxic gas hydrazoic acid.  

    5.    Appropriately stored (4 °C, under protection from light) 
AlignFlow™ Plus  fl ow cytometry alignment beads are stable 
for at least 12 months.  

    6.    FACSFlow™ is a mixture of multiple substances, any of which, 
at their given concentration, and is considered to be hazardous 
to health.  

    7.    Geneticin is a nucleoside antibiotic isolated from  Micromonospora 
rhodorangea , which inhibits protein synthesis in both prokary-
otic and eukaryotic cells.  

    8.    Geneticin is toxic, if swallowed, and should always be handled 
using protective gloves, clothing, and eyewear.  

    9.    When stored properly at −20 °C, geneticin is stable for up to 9 
months. Media supplemented with geneticin can be stored at 
4 °C for up to 2 weeks. The manufacturer recommends avoid-
ing repetitive freezing and thawing of the antibiotic.  

    10.    pHMGB1-GFP is designed for stable expression in mamma-
lian cells of a human HMGB1-GFP chimera driven by the 
strong pCMV promoter. This vector also contains a cassette 
encoding G418 resistance for the selection of transfected 
cells.  

    11.    Lipofectamine™ 2000 and Opti-MEM ® -I are generally consid-
ered as nonhazardous.  

  4  Notes
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    12.    MTX is a cytostatic anthracenedione that intercalates in DNA 
and increases the incidence of double-strand breaks by stabiliz-
ing the cleavable complex of topoisomerase II and DNA. MTX 
is currently used as a chemotherapeutic agent against leukemia 
and solid tumors.  

    13.    MTX is toxic and a potential carcinogen for humans. This 
compound may cause heritable genetic damage, and harm to 
the unborn child, and may be harmful if inhaled, swallowed, or 
absorbed through skin. Therefore, MTX should always be han-
dled with care by using protective gloves, clothing, and 
eyewear.  

    14.    Hoechst 33342 is a DNA-intercalating agent currently listed 
among substances that may cause concern to man owing to 
possible mutagenic effects but for which the available informa-
tion is inadequate for making satisfactory assessments. This 
DNA dye should be handled anyway with the maximal care, by 
using protective gloves, clothing, and eyewear.  

    15.    As compared to other chromatinophilic dyes (e.g., 4 ¢ ,6-diamidino-
2-phenylindole dihydrochloride, DAPI), Hoechst 33342 is 
particularly prone to photobleaching. Exposure to light of the 
stock solution should therefore be carefully prevented.  

    16.    PFA is very toxic by inhalation and should be handled with 
maximal care under an appropriate chemical fume hood.  

    17.    As the stability of PFA in solution is limited, it should be pre-
pared immediately before use. Upon preparation, the solution 
should be kept on ice throughout the duration of the 
experiment.  

    18.    It is recommendable to allow freshly thawed cells to re-adapt 
for 2–3 passages before using them in experimental assess-
ments. Similarly, it is good practice to de fi ne a maximal num-
ber of passages and to discard maintenance cultures once this 
limit has been reached, to avoid genetic population drifts. This 
strategy requires an appropriate liquid nitrogen stock of cells, 
which should be generated from a homogenous and healthy 
population before the beginning of the experiments.  

    19.    Three milliliter and 5–6 mL trypsin/EDTA are largely suf fi cient 
for the detachment of cells from 75 to 175 cm 2   fl asks, respec-
tively. 300  m L and 1 mL trypsin/EDTA per well should be used 
for 12- and 6-well plates, respectively ( see  also  Notes 2  and  3 ).  

    20.    Before the addition of trypsin/EDTA, adherent cells should 
be washed once with pre-warmed, sterile PBS. This step facili-
tates the subsequent trypsinization by minimizing the amount 
of FBS (which inactivates trypsin) within the  fl ask.  
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    21.    Trypsinization time is a function of cell type, viability, and culture 
density. For U2OS cells (and most cell lines), 5 min at 37 °C 
are amply suf fi cient to fully detach a totally con fl uent, healthy 
population. It is however recommendable to check for com-
plete cell detachment by visual inspection or by rapid observa-
tion in light microscopy.  

    22.    Trypsinization-resistant cells can be mechanically detached 
with the help of a common scraper for cell culture.  

    23.    For maintenance, U2OS cells can be split at 1:4–1:20 ratios, 
according to the experimental needs. Other cell lines are more 
sensitive and may have problems in recovering a normal growth 
rate if excessively diluted.  

    24.    An alternative to 75 cm 2   fl asks is provided by 10 cm Ø Petri 
dishes. These are equal in surface to 75 cm 2   fl asks but more 
accessible, which can be advantageous if cells need to be 
detached by scraping ( see  also  Note 22 ).  

    25.    Normally, U2OS cells quickly adhere to cell culture supports 
and hence do not need prolonged adaptation times. This may 
not hold true for other cell types (e.g., colon carcinoma HCT 
116 cells), which should always be allowed to adapt for 24–36 h 
prior to any experimental manipulation.  

    26.    Both over- and undercon fl uence are associated with poor 
transfection rates, the former due to limited uptake of transfec-
tion complexes, and the latter because of liposome-mediated 
toxicity (which is favored when the cell:Lipofectamine™ 2000 
ratio is low). For this reason, cell density at transfection should 
range between 70 and 80 %.  

    27.    When diluted Lipofectamine™ 2000 and the plasmid DNA are 
mixed, the solution may become cloudy.  

    28.    Liposome-mediated plasmid transfection is carried out entirely 
at RT under a common safety cabinet. However, it is recom-
mendable to keep the tubes containing plasmid stocks and the 
Lipofectamine™ 2000 reagent on ice (and to return them to 
storage conditions immediately after use), in order to mini-
mize solvent evaporation and avoid liposome degradation.  

    29.    For easily transfectable cell lines (e.g., HeLa cells), complete 
growth medium (including FBS and antibiotics) can be used 
instead of serum-free culture medium.  

    30.    To avoid intra-well variations of transfection ef fi ciency as well 
as local toxicity, transfection complexes (which exhibit a very 
high af fi nity for plasma membranes) should be added to cells 
very slowly and dropwise while trying to cover the whole sur-
face of the growth medium.  

    31.    As an alternative, the transfection medium can be discarded 
and substituted with fresh complete growth medium.  
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    32.    As geneticin-resistant cells may appear independent of 
 transfection, we recommend to perform FACS-assisted sorting 
and selection of GFP +  cells as soon as possible (transgene expres-
sion should be detectable as soon as 12–24 h after transfec-
tion). In this context, the use of GFP −  parental cells is required 
for the identi fi cation of GFP-dependent  fl uorescence.  

    33.    Wild-type GFP is characterized by absorption/emission peaks 
at 475/508 nm.  

    34.    Perform cell sorting upon gating on events exhibiting normal 
light-scattering parameters (forward and side scatter, i.e., FSC 
and SSC, respectively). As a reminder, while FSC depends on 
cell size, SSC re fl ects the refractive index, which in turn is 
in fl uenced by multiple parameters including cellular shape and 
intracellular complexity (i.e., presence of cytoplasmic organ-
elles and granules).  

    35.    The use of three cell seeding concentrations maximizes the 
cloning ef fi ciency of the limiting dilution approach.  

    36.    To further reduce the possibility that HMGB1-GFP −  cells 
might take over cultures, geneticin selection should never be 
discontinued.  

    37.    It is recommendable to con fi rm HMGB1-GFP expression by 
 fl uorescence microscopy shortly before the generation of vials 
for long-term storage and use. Along similar lines, cells should 
be tested for the presence of common laboratory contaminants 
(e.g.,  Mycoplasma spp ).  

    38.    Optimal incubation times are a function of both the cell type 
and the compound of choice. As a guideline, MTX induces 
optimal HMGB1 release by U2OS cells in 24–48 h.  

    39.    Upon  fi xation and if appropriately conserved (4 °C, under pro-
tection from light), plates are stable for no more than 2 
months.  

    40.    The use of an external, high-capacity server for data storage is 
highly recommended, as the automated imaging workstation 
generates very large  fi le sets. As a guideline, the imaging of a 
96-well plate at a single time-point, 4 view fi elds/well, gener-
ates approximately 1 Gb of data.  

    41.    Hoechst 33342 is a cell-permeant chromatinophilic dye 
(absorption/emission peaks = 352/461 nm) that optimally 
binds to DNA at pH 7.4. Unbound Hoechst 33342 has an 
emission peak in the 510–540 nm range (green). This 
 fl uorescence can be observed when excessive Hoechst 33342 
concentrations are employed.  

    42.    ROI-based image segmentation de facto identi fi es portions of 
the images that correspond to single cells, hence allowing the 
software to perform all subsequent determinations on a per 
cell basis.  
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    43.    To avoid the use of Hoechst 33342 for nuclear counterstaining, 
cells can be further engineered to express a histone 2B-red 
 fl uorescent protein (H2B-RFP) fusion, de facto labeling 
nuclear chromatin in red. TurboRFP, one among many RFP 
variants that are currently available, is characterized by absorp-
tion/emission peaks at 533/574 nm.  

    44.    The intensity of the GFP signal within each ROI allows the 
software to determine whether HMGB1 is still localized to the 
nucleus (co-localization with the Hoechst 33342 signal) or 
whether it has been released.  

    45.    Together with the GFP signal, nuclear area, as identi fi ed by the 
number of pixel positive for Hoechst 33342, can be employed 
to assess whether HMGB1 has been released before or after 
chromatin condensation (which normally is a late event of 
apoptosis).          
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