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Abstract

The fetal liver (FL) is the main hematopoietic organ during embryonic development.
The FL is also the unique anatomical site where hematopoietic stem cells expand
before colonizing the bone marrow, where they ensure life-long blood cell production
and become mostly resting. The identification of the different cell types that com-
prise the hematopoietic stroma in the FL is essential to understand the signals
required for the expansion and differentiation of the hematopoietic stem cells. We
used a panel of monoclonal antibodies to identify FL stromal cells in a 5-laser
equipped spectral flow cytometry (FCM) analyzer. The “Autofluorescence Finder” of
SONY ID7000 software identified two distinct autofluorescence emission spectra.
Using autofluorescence as a fluorescence parameter we could assign the two auto-
fluorescent signals to three distinct cell types and identified surface markers that
characterize these populations. We found that one autofluorescent population corre-
sponds to hepatoblast-like cells and cholangiocytes whereas the other expresses
mesenchymal transcripts and was identified as stellate cells. Importantly, after birth,
autofluorescence becomes the unique identifying property of hepatoblast-like cells
because mature cholangiocytes are no longer autofluorescent. These results show
that autofluorescence used as a parameter in spectral FCM is a useful tool to identify

new cell subsets that are difficult to analyze in conventional FCM.
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more cellular parameters simultaneously in single cells with higher reso-

lution than ever before. FCM characterizes physical and fluorescent

Flow cytometry (FCM) has rapidly evolved over the past few decades
[1]. The development of more advanced technologies including mass
cytometry [2], imaging FCM [3], genomic FCM [4] and spectral FCM [5],
has expanded our ability to study immune responses, by characterizing
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properties of cells in suspension by using fluorochrome-conjugated anti-
bodies to measure proteins expressed by distinct immune cell subpopu-
lations [6].

Spectral FCM was first proposed by J. Paul Robinson at Purdue
University in 2004 [7]. The first commercial instrument (Sony SP6800)
was launched by Sony Biotechnology in 2012, using prisms along with
PMT detectors to collect and amplify light beyond the capability of
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conventional flow cytometers [8]. The Sony SP6800 is equipped with
three lasers 405/488/638 nm and two pinholes such that two excita-
tion lasers can be used in a given experiment. Using the 405/488 nm
excitation lasers we assembled a 19-fluorescent probe panel to ana-
lyze immune cells in the mouse adult spleen [9, 10]. Moreover, analy-
sis of antibody-stained preparations of embryonic, neonatal, and adult
heart, which is a highly auto-fluorescent tissue, allowed the robust
identification of new surface markers of different cardiac populations
[11]. In addition, intra-epithelial lymphocytes were efficiently analyzed
in mouse intestinal epithelium cell preparations because the
autofluorescence management allowed eliminating from the analysis
the autofluorescent epithelial cells [9]. Recently, the Sony ID7000
became available with different laser configurations that can be
remodeled. The ID7000 Software analysis is based on the previously
described Weighted Least Squares Method algorithm [8] that allows
the easy detection of auto-fluorescence (AF) that can be incorporated
in the panel as independent fluorescent parameters.

The fetal liver (FL) is a highly auto-fluorescent tissue where hepatic
and hematopoietic cells differentiate alongside and where hepatic and
mesenchymal cells play, yet ill-defined, roles in hematopoietic differen-
tiation [12] and in the establishment of the hematopoietic stem cell
compartment [13]. In addition, although surface markers for different
populations have been identified, a global analysis of the FL stroma
using epithelial and mesenchymal markers has not been undertaken.

Here we sought to analyze the nonhematopoietic stromal com-
partment in mouse FL using a 14-fluorochrome antibody panel and
distinct AF parameters that were unique in the identification of cell
populations. We found two major AF signals at embryonic day (E)18.5
of mouse gestation. One AF signal has different emission spectra in
the 355 nm laser and in the 405 nm laser. It defines stellate cells that
accumulate autofluorescent vitamin A in cytoplasmic granules [14].
The second AF signal is visible in the 355 nm laser, in the 405 nm and
also with a lower intensity and different emission spectra in the
488 and 561 nm lasers and marks hepatoblasts/hepatocytes and
cholangiocytes. Importantly, AF is an invaluable tool to distinguish
cells with the characteristics of E14.5 hepatoblasts, after birth, hereaf-
ter designated as hepatoblast-like cells. In addition, defining the true
fluorescence associated with each autofluorescent population helped
design a sorting strategy to be used in conventional FCM. These
results indicate that AF treated as a fluorescence parameter in spectral

FCM is essential to the characterization of cell subsets in solid tissues.

2 | MATERIALS AND METHODS
The experiment was designed to identify populations of stromal cells

in the mouse FL at different stages of gestation.

21 | Cell suspension

E14.5, E18.5 FLs, P3 and P9 livers were dissected under a binocular
magnifying lens. Cells were recovered in Hanks' balanced-salt solution
(HBSS) supplemented with 1% fetal calf serum (FCS) (Gibco) or RPMI
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medium (Gibco) supplemented with 10% FCS (P3 and P9) and treated
with 0.05 mg/ml Liberase TH (Roche) and 0.2 mg/ml DNAse (Sigma)
for 6-8 min at 37°C. Cells were resuspended by gentle pipetting.
Before staining, cell suspensions were filtered with a 100 um cell
strainer (BD). All experiments using E14.5 and E18.5 embryos were
done by pooling FL cells from the same litter in each experiment, in
three or more biological replicates. In an independent experiment, FL
cells were analyzed after mechanical dissociation (in two biological

replicates; data not shown).

2.2 | Flow sample and specimen description

All antibodies were titrated to give the highest signal-to-noise ratio.
The antibody panel has been optimized in a conventional flow
cytometer (LSR Fortessa with five lasers (BD Biosciences) and then
used in the ID7000 (Sony) to study the autofluorescence. Liver cells
were depleted of Ter119" CD45" CD71" CD117" cells by magnetic
cell separation using LS MACS Columns (Miltenyi Biotec). Cell suspen-
sions were stained in two steps. First, cell suspensions of FL were incu-
bated with the biotinylated antibodies for 15-20 min at 4°C. Cells
were washed to eliminate excess of antibody, incubated for 15 min
with anti-biotin beads (Miltenyi Biotec) and applied to a LS MACS

TABLE 1 List of the antibodies used in this study and their
specificity

Marker Conjugation

SAV PE-Cy5 CD45, TER119,CD71, CD117 (all
hematopoietic cells) biotin

Dead Pl -

CD324 PE-Cy7 (Epithelial-Cadherin) hepatoblasts,
hepatocytes and cholangiocytes

CD31 PerCP-Cy5.5 (Platelet and endothelial cell adhesion
molecule) endothelial cells

CD166 FITC (Activated Leukocyte Cell Adhesion
Molecule) hepatoblasts and stellate
cells

CD140a APC (Platelet derived growth factor receptor
a) stellate cells and pericytes

Gp38 APC-Cy7 (Podoplanin) mesenchymal cells,
lymphatic endothelial cells

NG2 PE (Chondroitin sulphate proteoglycan 4)
pericytes

Sca-1 BV711 (Stem Cell antigen 1) endothelial cells

CD146 BV510 (Melanoma cell adhesion molecule)
endothelial cells and mesenchymal
cells

CD51 BV421 (Integrin alpha V) mesenchymal cells

CD326 BV605 (Epithelial cell adhesion molecule)
cholangiocytes (bile duct cells)

CD54 BUV395 (Intercellular Adhesion Molecule 1)
hepatoblasts and endothelial cells

Thy1.2 AF700 (Cluster of differentiation 90)

mesenchymal cells
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Column (Miltenyi Biotec). The 5% of the cells were not passed through
the MACS column and were used as depletion control. The 5% of the
eluted cells were used as unstained control and the remaining were
incubated for 20-30 min at 4°C in the dark with directly labeled anti-
bodies (and streptavidin (SAV) listed in Table 1/Supplemental Table 1.
Pl was added to depleted stained and to the depletion control samples.

2.3 | Instrument details

Stained cells were analyzed in the Sony ID7000 spectral cytometer. The
LE-ID7000E used in this study has five lasers 355/405/488/561/637 nm

(A) E18.5FL Live CD45 Ter119-CD71-CD117-cells

¢

p 355nm 405nm

488nm

(Supplemental Figure 1), PMT gains/voltages can be independently
adjusted for each laser, and there are seven pinholes allowing for addi-
tional lasers to be installed. The schematic optical configuration is shown
in Supplemental Figure 1, framed by a black box. The detection capacity
of the ID7000 spans from 360 nm to 820 nm in the 5-laser configuration.
The signals are captured with 32-, 26-, and 19-channel PMT arrays and
individual PMT, as shown.

Before the analysis, the Sony ID7000 was calibrated using the
align-check and the performance 8-peak beads, following the guide-
lines of the instrument provider. A minimum of 100,000 events were
acquired for cell-stained samples and a minimum of 20,000 events for
unstained samples. In every experiment single-stained samples in
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FIGURE 1

Gating strategy to identify stellate cells, hepatoblasts-like cells, hepatocytes and cholangiocytes. E18.5 mouse fetal liver cell

suspensions were stained with biotin labeled antibodies recognizing CD45, TER119, CD71, CD117. Negative cells were magnetically sorted and
labeled with the antibodies in Table 1. (A) The spectra of emission of fetal liver cells after depletion (marked with streptavidin in a dump channel)
and gated out of Pl labeled cells. (B) After unmixing, cells were manually gated to define endothelial, hepatic and stellate cells. The analysis started
with a FSC_A/SSC_A gate, doublet exclusion and Pl positive/SAV positive cell exclusion. The gate for SAV exclusion was set by the depletion
control sample (not depleted). CD324 was defined as a marker of epithelial cells, cholangiocytes CD324"8"CD326™; hepatocytes
CD324"°"CD326; hepatoblasts-like cells CD324"€"CD326. Stellate cells are defined by as PDGFRa* CD166™. [Color figure can be viewed at

wileyonlinelibrary.com]
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Ultracomp eBeads (Thermo Fisher), for each individual fluorochrome,
were provided and a minimum of 2000 events were collected. Total
FL cells stained with propidium iodide (PI) were used as the control
for dead cell exclusion. Unstained cells after depletion were always
included. Stained cells with the full panel, before depletion of hemato-
poietic cells, were analyzed as a control for lineage staining.

3 | DATA ANALYSIS DETAILS

3.1 | Autofluorescence analysis
The unstained samples, after depletion of hematopoietic cells, were
analyzed using the autofluorescence finder function as shown in
Figure 2. This is a nonautomatic visualization tool where scanning
across the emission wavelengths on each laser detects the best dis-
play of autofluorescence. The scanning is done by moving the cursor
(bar under top plots in Figure 2) and the signal in the different com-
bined detectors can be adjusted to find the best separation between
the different autofluorescence signals. The autofluorescence signals
are then manually gated and checked for their emission spectra (see
Figure 2, lower panels). Distinct autofluorescence signals will separate
in one of the laser combinations and will have distinct emission spec-
tra. Once identified the autofluorescence signals are incorporated in
the unmixing matrix.

Acquired full spectrum are analyzed with algorithms based on the
WLSM as described previously [8]. The accuracy of the unmixing is

ensured by the analysis of the single stained samples. Further manual

(A) E18.5FL unstained cells

VF/SSC Plot
® Density Plot
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adjustments (usually not required) can be done. Acquisitions were
done with similar settings of the laser PMT.

Cells were sorted with a BD FACSAria Il (BD Biosciences)
according to the guidelines for the use of FCM and cell sorting [6].
The FACSAria lll was calibrated with CST beads following the manu-
facturer's protocols. Data were analyzed with the ID7000 (Sony, Inc)

or FlowJo (v.10.7.3, BD Biosciences) software.

3.2 | Gene expression by RT-PCR

Cells were sorted directly into lysis buffer and mRNA was extracted
with a RNeasy Micro Kit (Qiagen). After extraction mRNA was
reverse-transcribed into cDNA with PrimeScript RT Reagent Kit
(Takara Bio), followed by quantitative PCR with Power SYBR Green
PCR Master Mix (Applied Biosystems). Primers used were as follows:
Actb FW: GCTTCTTTGCAGCTCCTTCGT; Actb RV: ATCGTCATCCA
TGGCGAACT; Afp FW: CTTCCCTCATCCTCCTGCTAC; Afp RV:
ACAAACTGGGTAAAGGTGATGG; Alb FW: TGCTTTTTCCAGGGGTG
TGTT; Alb RV: TTACTTCCTGCACTAATTTGGCA; Des FW: GTGGAT
GCAGCCACTCTAGC; Des RV: GTGGATGCAGCCACTCTAGC; Onec
utl FW: GCCCTGGAGCAAACTCAAGT; Onecutl RV: TTGGACGGA
CGCTTATTTTCC; Pdgfrb FW: TTCCAGGAGTGATACCAGCTT; Pdgf
rb RV: AGGGGGCGTGATGACTAGG; Sox9 FW: CTCCTCCACGAAG
GGTCTCT; Sox 9 RV: AGGAAGCTGGCAGACCAGTA. qPCR reactions
were performed on a Quantstudio3 thermocycler (Applied Bio-
systems), gene expression was normalized to that of p-actin and rela-
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tive expression was calculated using the method.
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FIGURE 2 Autofluorescence finder. The analytical tool autofluorescence applied to unstained cells before unmixing. (A) Autofluorescence is

defined manually in cells that show fluorescence in the different lasers

, as defined in Materials and Methods. (B) The spectra of emission of the

two defined autofluorescent (AF) signals in the different lasers. [Color figure can be viewed at wileyonlinelibrary.com]
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3.3 | Statistical analysis

All results are shown as mean + standard deviation (SD). Statistical
significance was determined using one-way ANOVA followed by
Tukey's multiple comparison test where a p value <0.05 was consid-
ered significant and a p value >0.05 was considered not significant.

4 | RESULTS
41 | A strategy to characterize nonhematopoietic
cell populations in FL

To characterize nonhematopoietic (hereafter referred to as stromal)
populations in the FL we assembled a panel of 14 fluorescent dyes
(Table 1) that included propidium iodide (Pl-dead cell exclusion) and
13 fluorescence conjugated antibodies that mark cells belonging to the
hepatic, endothelial and mesenchymal lineages (liver fibroblasts, also
called stellate cells - see Table 1). The analysis was done in FL cell sus-
pensions depleted of hematopoietic cells in a dump channel that
includes the erythroid marker TER119, the pan-hematopoietic marker
CD45, and CD71 and CD117 that together mark embryonic erythroid
progenitors [15]. Cells were depleted of hematopoietic cells, that rep-
resent more than 80% of total FL cells, by magnetic sorting. We ana-
lyzed liver cells isolated from embryonic days (E) 14.5 and E18.5 (1 day
prior to birth), and from days 3 and 9 postbirth (P3 and P9). Figure 1A
shows the spectra of emission of E18.5 cells after the elimination of
hematopoietic and dead cells. Figure 1B shows the gating strategy
used to identify known cell subsets with CD31 and CD146 defining
endothelial cells, and, in nonendothelial cells, CD140a (PDGFRa), Gp38
(podoplanin), and CD166 (ALCAM) define stellate cells as CD140a""
Gp38 CD116" [13]. In the Gp38 CD140a~ subset, CD326 and
CD324 (E-Cadherin) define cholangiocytes (CD324"CD326") [16] and
hepatic cells (CD324"€"1°W €D3267) [17] . This analysis shows that at
E18.5 all major FL populations are detected, and hepatocytes are diffi-
cult to discriminate from the decreasing numbers of hepatoblasts that
are undergoing differentiation.

4.2 | Two different autofluorescence patterns
identified by the autofluorescence finder

AF is a property of many tissues defined as signal emission by cells
excited at particular wavelengths, in the absence of specific fluores-
cence. AF can mask or distort true fluorescence and is usually sub-
tracted to facilitate the fluorescence detection. The ID7000 spectral
cytometer is equipped with an analytical software that provides a tool
to identify independent AF signals called AF finder (Figure 2, see
Materials and Methods). In unstained cells this tool allowed the detec-
tion of two AF signals (Figure 2A). AF-1 shows an emission spectra
with 3 emission peaks detected in the 355 and 405 lasers(around

510nm, 590nm and 655nm) and 2 smaller emission peaks in the

488 laser (around510nm and 590nm). AF-2 shows a similar emission
spectra as AF-1 with the addition of anemission peak at 655nm in the
488 laser and 2 emission peaks in the 561 laser (around600nm and
655nm). The differences in the spectra of emission found in most laser
channels suggested that these two AF signals correspond to two inde-
pendent cell types. Efficient single cell suspension that minimizes cell
death requires an enzymatic digestion of the FL. To test whether the
two autofluorescence signals were impacted by the enzymatic diges-
tion we analyzed E14.5 FL after mechanic dissociation. The auto-
fluorescent signals were detected after mechanic dissociation (data
not shown) indicating that they are an intrinsic property of the two
subsets. The frequencies and numbers of cells exhibiting AF-1 and
AF-2 were, however, strongly reduced consistent with our previous
observation that mechanical dissociation is not suited for FL viable cell
recovery.

After unmixing, we used AF-1 and AF-2 as independent parame-
ters to define two different populations and proceeded to identify
their identity (Figure 3A-D). Figure 3 shows two independent gating
strategies, one that analyzes cells within AF-1 (Figure 3B) compared
to the conventional strategy previously shown in Figure 1 (Figure 3A).
AF-1 cells correspond to a majority of CD31™ (85%), CD140a" (85%)
cells and CD116" (95%) cells (Figure 3B) that define, with a high
degree of enrichment, stellate cells.

CD324" hepatocytes and CD324"CD326" cholangiocytes (bile
duct cells) are known to derive during embryonic development from
bipotent progenitors called hepatoblasts [18]. AF-2 gated cells
(Figure 3C) comprise a majority (83%) of CD31~ nonendothelial cells,
94% of CD140a~ gp38~ and > 90% of CD324"e". We designated
this population hepatoblasts-like cells because they closely resemble
cells with similar phenotype and autofluorescent properties in E14.4
FL, before cholangiocyte differentiation (Supplemental Figure 2),
known to be bipotent progenitors [16]. Within AF-2 in E18.5 FL we
also found CD324" CD326" cholangiocytes [19]. Interestingly, the
analysis done in AF-2 did not detect the subset that expresses low
levels of CD324 that we classify as hepatocytes [17] (Figure 3C).
AF-2 s,
hepatoblasts-like cells from hepatocytes, at this stage of develop-

therefore, an important parameter to distinguish
ment. When auto-fluorescent cells were gated out, stellate cells are
virtually absent from the plots (Figure 3D) whereas a subset of
hepatoblasts-like cells and cholangiocytes are still detected (30% and
50%, respectively) indicating that AF-2 distinguishes two different
cell subsets (AF-2* and AF-2" cells) in each of these populations. The
cells designated as nonAF correspond to cells with low AF-1 and
AF-2 and comprise all other cell populations in the FL that exhibit

background levels of AF.

4.3 | Properties and identity of FL stromal cells

To further characterize the AF of FL cells and determine whether this
is a cell-intrinsic property or if it is lost upon manipulation we sorted
hepatic cells, hepatoblast-like cells and stellate cells from E18.5 FL
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FIGURE 3 Two distinct autofluorescent signals: AF-1 defines stellate cells and AF-2 defines a subset of hepatic cells and cholangiocytes.
After unmixing the two AF signals can be used as two additional fluorescent parameters. (A) E18.5 FL live CD45"TER119"CD71 CD117" cells
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using a simplified panel in a conventional flow cytometer (Figure 4A,
presort). All populations before and after cell sorting were analyzed in
spectral FCM (Figure 4B, sorted populations). Stellate cells (lower
plots) show persistent levels of AF whereas hepatocytes (upper plots)
remained negative for this parameter. As previously observed,
hepatoblast-like cells sorted as CD324"&" cells yield a mixed popula-
tion of AF-2% and AF-2~ cell (middle plots). These results indicated
that AF in FL populations is a cell-specific property.
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In order to unambiguously ascertain the lineage affiliation of
these three cell subsets we subjected the cells sorted to quantitative
RT-PCR. We show that cells classified as cholangiocytes by FCM
express the cholangiocytic markers Sox9 and Onecut 1 (Hnfé) [16], the
hepatoblasts-like cells express Onecut 1 [18], Alb and Afp whereas
stellate cells express Desmin and Pdgfrb (Figure 4C) [20]. This tran-
scriptional profile is specific for the three subsets thus confirming the

lineage affiliation inferred by the surface marker expression.
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FIGURE 4 Autofluorescence is a cell intrinsic property. (A) Fetal liver cells negative for the dump channel and for Pl expressing cells were
sorted after being stained with a simplified antibody panel including Gp38, CD140a, NG2, CD166, CD324 and CD326. Hepatocytes, hepatoblast-
like cells and stellate cells were sorted according to the strategy shown (presort). Sorted cells were reanalyzed in the ID7000 spectral analyzer
(sorted populations). Left plots show purity control, right plots show AF of sorted cells. (B) Sorted cholangiocytes, hepatoblast-like cells and
stellate cells as in A were subjected quantitative RT-PCR in triplicate samples of two independent experiments for Sox9, Onecut1, Alb, Afp, Desmin
and Pdgfrb, and normalized to the expression of B-actin used as house-keeping gene. Data are represented as mean +/— SD. *p < 0.05,

**p < 0.01, ***p < 0.001, ****p < 0.0001. [Color figure can be viewed at wileyonlinelibrary.com]
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44 | Autofluorescence defines hepatoblast-like
cells after birth

Hepatoblast-like cells decrease in numbers as development pro-
gresses, so we used AF-2 to detect these cells, after birth. How-
ever, hepatocytes that are the dominant liver population after birth
are fragile epithelial cells, highly sensitive to manipulation ex vivo
and to the disruption of the tight junctions, required for single-cell
suspensions. Consequently, we detected decreasing numbers of
hepatocytes with age. At P3 and P9 the levels of AF were very simi-
lar in spectrum and intensity to those seen at E18.5. At P3 and P9
AF-2 represents a majority of hepatoblast-like cells with high
expression of CD324, and by high AF-2 (Figure 5A). Interestingly,
at these stages, most cholangiocytes lost expression of AF-2. This
result is reinforced at P9 (Figure 5B) where gating in AF-2 yields
93% of hepatoblast-like cells. These results further indicate that

Gated in CD45- CD31-
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AF-2 is essential for the identification of hepatoblast-like cells,
after birth.

5 | DISCUSSION
In this report we used a spectral flow cytometer equipped with five
lasers to analyze a highly autofluorescent tissue, the FL, in single-cell
suspensions. The software analysis of the Sony ID7000 is equipped
with an analytical tool for easy detection of different autofluorescent
signals. The unmixing algorithm subtracts the AF to find true fluores-
cent signals but importantly, by using the AF signals as independent
parameters, it increased the panel of 14-fluorescent dyes into a
16-fluorescence panel.

The “Autofluorescence finder” tool identified independent AF

signals that differed in shape and intensity in the different laser
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FIGURE 5 AF2 defines hepatoblast-like cells after birth. Analysis of live CD45 TER119 CD71 CD117 P3 and P9 liver cells in a plot of
CD324/CD326 after the conventional gating strategy defined in Figure 1 (left plots) or on the cells gated for AF2 expression (right plots). [Color

figure can be viewed at wileyonlinelibrary.com]


http://wileyonlinelibrary.com

CYTOMETRY

PEIXOTO ET AL.

968 @ |S AC

Journal of Quantitative Cell Science

detectors. Gating on AF-1 we identified a dominant population with
the phenotype that defines stellate cells, the fibroblasts specific to the
liver. This population has previously been reported to be endowed
with AF in a limited analysis using conventional FCM because stellate
cells store vitamin A in cytoplasm granules [14]. The second AF signal,
AF-2, was found in epithelial cells (expressing CD324) that, at E18.5,
could be subdivided into two subsets. The first expressed CD326
which is specific, at this stage, of newly differentiated cholangiocytes
[19], and the second expressed the highest levels of CD324 while lac-
king CD326 and was consequently classified as hepatoblasts-like cells
because they resemble E14.5 hepatoblasts [16, 17].

Irrespective of the cell preparation method, enzymatic digestion
or mechanical dissociation, the two autofluorescent signals were
detected, although mechanical dissociation resulted in lower repre-
sentation of stellate cells and hepatoblast-like cells. We conclude that
the two independent AF signals in stromal FL populations were intrin-
sic properties of the cells which confers reliability to the analysis. The
transcriptional profile of the AF populations unambiguously confirmed
the lineage affiliation proposed by the surface marker analysis.

The AF-2 parameter allowed the distinction of hepatocytes from
hepatoblast-like cells (CD324" CD326" cells), by clearly demarcating
the limits between the two cell types. Because hepatoblast-like cells
rapidly decrease after birth, as most proliferative activity in the adult
liver is driven by hepatocytes, we analyzed liver cells after birth. We
found that the two different AF signals persisted at these later time
points with AF-2 marking a majority of hepatoblast-like cells. Interest-
ingly, most cholangiocytes lost AF-2 at P3 and virtually all were AF2~
at P9. AF-2 is therefore the only property specific for hepatoblast-like
cells, after birth. Although hepatocytes are the most numerous cells in
the adult liver, they comprised less than 20% of the cell suspension
analyzed here. This observation is consistent with the well-
documented fragility of hepatocytes. The protocols currently rec-
ommended to isolate viable hepatocytes include enzymatic digestion
similar to the procedure used in this study [21]. Alternatively, a perfu-
sion with an enzymatic solution is followed by a purification in a
Percoll gradient [22]. In any of these methods, 5-20 x 10° hepato-
cytes [21] (1%-6%) can be obtained out of the 3 x 10% hepatocytes
in a mouse liver [23] indicating that no efficient procedure is currently
available to isolate hepatocytes.

Our study presents several innovations: (1) The ID7000 software
analysis provides an easy tool to detect independent AF signals;
(2) The unmixing algorithm subtracts the AF signals to allow accurate
true fluorescence detection, a feature already present in the SP6800;
(3) Importantly, the analytical tool treats the AF signals as fluores-
cence and increases, therefore, the panel of analyzed parameters. We
provide evidence that these advances will be invaluable to the charac-
terization of single-cell suspensions obtained from autofluorescent tis-
sues, difficult to analyze in conventional FCM.
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