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Abstract

AIM: To transplant undifferentiated embryonic stem
(ES) cells into the spleens of carbon tetrachloride (CCls)-
treated mice to determine their ability to differentiate
into hepatocytes in the liver.

METHODS: CCls, 0.5 mL/kg body weight, was injected
into the peritoneum of C57BL/6 mice twice a week for 5
wk. In group 1 (7 = 12), 1 x 10’ undifferentiated ES cells
(0.1 mL of 1 x 10%/mL solution), genetically labeled with
GFP, were transplanted into the spleens 1 d after the
second injection. Group 2 mice (7 = 12) were injected
with 0.2 mL of saline twice a week, instead of CCls,
and the same amount of ES cells was transplanted into
the spleens. Group 3 mice (7 = 6) were treated with
CCls and injected with 0.1 mL of saline into the spleen,
instead of ES cells. Histochemical analyses of the livers
were performed on post-transplantation d (PD) 10, 20,
and 30.

RESULTS: Considerable numbers of GFP-immunopositive
cells were found in the periportal regions in group 1 mice
(CCls-treated) on PD 10, however, not in those untreated
with CCl4 (group 2). The GFP-positive cells were also
immunopositive for albumin (ALB), alpha-1 antitrypsin,
cytokeratin 18, and hepatocyte nuclear factor 4 alpha on
PD 20. Interestingly, most of the GFP-positive cells were
immunopositive for DLK, a hepatoblast marker, on PD 10.
Although very few ES-derived cells were demonstrated
immunohistologically in the livers of group 1 mice on
PD 30, improvements in liver fibrosis were observed.
Unexpectedly, liver tumor formation was not observed
in any of the mice that received ES cell transplantation
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during the experimental period.

CONCLUSION: Undifferentiated ES cells developed into
hepatocyte-like cells with appropriate integration into
tissue, without uncontrolled cell growth.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Embryonic stem (ES) cells are self-renewing and
multipotent cells derived from the inner cell masses
of preimplantation blastocysts'"?, and have many
characteristics of an optimal cell source for cell-
replacement therapy. Theoretically, ES cells are able to
be produced limitlessly, and various kinds of cell-types
have been generated in vitro and in vivo. Thus, ES cells are
considered to have potential to become an optimal cell
source for cell-replacement therapy.

We previously showed that mouse ES cells have an
ability to differentiate into hepatocyte-like cells 7 vitro
using an attached culture of embryoid bodies (EBs)” and
demonstrated that introduction of transcription factor
gene hepatocyte nuclear factor 3 beta, which plays an
important role in liver development, led to an efficient
induction of ES cells into hepatocyte-like cells™. The
in vitro capability of ES cells to differentate into hepatocyte-
like cells has also been proven by other investigators[(”z”
In general, the methods used in those studies can be
divided into spontanecous and directed differentiation. For
spontaneous differentiation, the formation of embryoid
bodies (EBs) has been mostly utilized*"". With directed
differentiation, different processes of enrichment of
a specific differentiated cell type that use elements to
promote the differentiation of ES cells into an endodermal
lineage, such as the addition of growth factors (GFs) and
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hormones"”?, and the constitutive expression of hepatic

transcription factors”™, have been utilized.

In contrast to a number of reports of hepatic
differentiation of ES cells iz vitro, the behavior of
transplanted ES cells in the liver has not been reported,
except for the formation of teratomas””. According to the
results of a study that utilized intravenous transplantation
of a relatively large number of undifferentiated ES
cells (2 x 10°/mouse)”, tumor formation was observed
in the livers of all carbon tetrachloride (CCls)-treated
mice, but not in mice with normal livers. Although
the tumors formed in the livers contained ES-derived
mature hepatocytes, few cells seemed to have been
integrated into the ordinary structure of the residual
normal livers. Recently, bone marrow stem cells (BMSCs)
were demonstrated to differentiate into hepatocytes and
integrate into the liver after intravenous transplantation in
CCls-treated mice, even without 7z vitro induction directed
toward an endoderm or hepatocyte lineagem. Those
results suggested that the livers in CCls-mice provide a
microenvironment necessary for the lodging of BMSCs
or ES cells, and their subsequent differentiation into
hepatocytes.

In the present study, we investigated whether ES
cells are able to differentiate into hepatocytes in vivo.
For this purpose, we transplanted a reduced number
of undifferentiated ES cells (1 X 10°/mouse) into the
spleens of CCls-treated experimental and CCls-untreated
control mice, expecting that tumors would develop in
the livers. We found that the native ES cells migrated to
the liver and developed into hepatocyte-like cells in CCls-
treated mice, but not in the CCls-untreated control mice.
Further, localization of migrated ES cells in the CCls-
mice livers was found in the periportal regions on post-
transplantation day (PD) 10 and the cells were immuno-
positive for albumin (ALB), alpha-1 antitrypsin (a1AT),
and cytokeratin 18 (CK18) on PD 20. Hepatocyte nuclear
factor 4 alpha (HNF4qa), an important transcription
factor for mature hepatocytes, was also detected
immunohistochemically. Interestingly, most of the GFP-
positive cells showed immuno-positivity to DLK, a
hepatoblast marker, on PD 10. Although there were very
tew ES-derived cells demonstrated immunohistologically
in the livers on PD 30, improvements in liver fibrosis were
observed. Unexpectedly, formation of liver tumors was
not observed in any of the mice that received transplanted
cells during the experimental period.

Our results suggest that undifferentiated ES cells
can develop into hepatocyte-like cells with appropriate
integration into tissue without invariably leading to
uncontrolled cell growth. In the future era of cell growth
control, undifferentiated ES cells may be directly used
for therapeutic transplantation as well as terminally
differentiated derivatives.

MATERIALS AND METHODS

Murine ES cell line
We utilized G4-2 cells from a mouse ES cell line (129/Sv]
mouse ES cells, a kind gift from Dr. Hitoshi Niwa, RIKEN

Center for Developmental Biology, Kobe, Japan). The
G4-2 cells were derived from EB3 ES cells***” and carried
an enhanced green fluorescent protein (EGFP) gene under
the control of the CAG expression unit. EB3 ES cells are
a subline derived from El4tg2a ES cells™ and carry the
blasticidin S-resistant selection marker gene driven by the
Oct-3/4 promoter (active under undifferentiated status).
For the present study, undifferentiated G4-2 cells were
maintained on gelatin-coated dishes without feeder cells in
Dulbecco's modified Eagle's medium (DMEM; Sigma; St.
Louis, MO) supplemented with 10% fetal bovine serum
(FBS; GIBCO/BRL; Grand Island, NY;), 0.1 mmol/L
2-mercaptoethanol (Sigma), 10 mmol/L nonessential
amino acids (GIBCO/BRL), 1 mmol/L sodium pyruvate
(Sigma), and 1400 U/mL of leukemia inhibitory factor
(LIF; GIBCO/BRL). For some of the experiments, G4-2
cells were cultured in medium containing 10 ug/mL of
blasticidin S to eliminate differentiated cells.

Preparation of graft cells

Culture dishes (9 cm in diameter), used to maintain the
undifferentiated ES colonies, were washed with 8 mL of
ice-cold phosphate-buffered saline (PBS, pH 7.4) 3 times
and then treated with 1.0 mL of 0.025% trypsin/PBS for
2 min at 37°C. Five milliliters of ES maintenance medium
containing 10% FBS was added to the culture dish to stop
trypsin activity. Single cell solutions were easily obtained
by repeated pipetting. Cells were washed with ice-cold PBS
3 times and finally prepared for transplantation in a PBS
solution at a cell concentration of 1 X 10°/mL.

CCls treatment
To induce liver damage, CCls at 0.5 mL/kg of body weight

was injected into the peritoneum twice a week for 5 wk.

Grouping of experimental animals

Female C57BL/6 mice were purchased from Japan SLC
(Shizuoka, Japan) at 6 wk of age and used as experimental
animals. All procedures including the surgical steps were
performed in accordance with the Guidelines of Nara
Medical University for experiments involving animals
and recombinant DNA. The mice were divided into 3
groups. Group 1 (# = 12) received CCl4 treatment and
transplantation of graft cells. One day after the second
injection of CCls, 1 X 10° GIFP-positive undifferentiated
ES cells (0.1 mL of 1 X 10°/mL solution) were
transplanted into the spleen. Briefly, a 1-cm incision
was made on the left flank and the spleen was extracted
through the incision. Then, 0.1 mL of the graft cell
solution (1 X 10° cells/ml.) was slowly infused into the
inferior pole of the spleen using a 31-gauge needle and a
Hamilton syringe. Once the infusion was complete, the
syringe was left in place for 1 min. Group 2 mice (» = 12)
were injected in the same manner with 0.2 mL of saline
twice a week, instead of CCls, and transplanted with the
same amount of ES cells into the spleen as Group 1.
Group 3 mice (#» = 6) were treated with CCls and injected
with 0.1 ml of saline into the spleen in the same manner,
instead of ES cells. Grouping and an outline of the
experiments are shown in Figure 1.
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Tissue preparation

The livers were thoroughly perfused »iz the heart with 4%
paraformaldehyde to wash out contaminating blood cells.
For fixation, the petrfused livers were incubated with 4%
paraformaldehyde overnight, then soaked in 30% sucrose
for 3 d. Tissues were frozen on dry ice and then sectioned
into 5-pm slices using a cryostat in preparation for dyeing,

Immunohistochemistry and double immunofluorescence
for GFP

Immunohistochemical analysis was performed in
accordance with previously reported methods””. Frozen
tissue sections were desiccated completely at room
temperature using a dryer, washed with phosphate-
buffered saline (PBS) 3 times for 5 min each, and soaked
in PBS containing 5% bovine serum albumin (BSA) once
for 5 min. Sections were incubated overnight with anti-
GFP (1:1000, Molecular Prove Inc, OR, USA and Nacalai
Tesque Inc, Kyoto, Japan), anti-ALB (1:100, Biogenesis
Ltd, England, UK), anti-ot1AT (1:100, Zymed Laboratories
Inc, CA, USA), anti-CK18 (1:100, Chemicon International
Inc, CA, USA), anti-CK19 (1:100, Abcam Ltd, Cambridge,
UK), anti-HNF4q, (1:50, Santa Cruz Biotechnology Inc,
CA, USA), and anti-DLK™ (1:100) antibodies. Tissue
sections were then washed with PBS 3 times for 5 min
each and incubated with biotin-conjugated anti-rat (anti-
rabbit or anti-mouse) IgG (1:200, Vector Laboratories
Inc, CA, USA) secondary antibodies for 1 h at 37°C, then
washed 3 times for 5 min each with diluted water. Next, for
the purpose of intrinsic peroxidase elimination, the tissue
sections were immersed in 3% hydrogen peroxide (H20z)
for 30 min, then washed 3 times for 5 min each with PBS.
The sections were incubated with Vectastain ABC" reagent
(Vector Laboratoties Inc, CA, USA) for 2 h at 37°C, then
washed 3 times for 5 min with diluted water and treated
with 0.02 mol/L Tris-HCl buffer (pH 7.5) containing 4%
diaminobenzidine tetrahydrochloride (Vector Laboratories
Inc, CA, USA) in the presence of 0.0004% H:0: for 2
min at room temperature. Stained sections were rinsed
with diluted water, and immersed in ethanol and xylene for
complete dehydration. Finally, the sections were enclosed
with Entellan-new".

For fluorescent immunohistochemistry, tissue sections
were incubated with Alexa Fluor" 488 and 546 goat anti-
rat (anti-rabbit or anti-mouse) IgG (H + L) conjugate
(Molecular Prove Inc, OR, USA) secondary antibodies
for 1 h, then washed 3 times for 5 min each with PBS.
Sections were mounted on glass slides from an Anti-fade
Kit (Molecular Prove Inc, OR, USA). Positive cells in the
liver were observed using a Provis microscope (Olympus,
Tokyo) equipped with a charge coupled device (CCD)
camera. A total of 10 different areas in each liver section
were analyzed independently for each mouse.

RESULTS

Migration of ES cells into CCls-treated mouse livers
GFP-immuno-positivity was examined in the liver

specimens 10 d after intrasplenic transplantation (PD
10 of 1 X 10° GFP-positive ES cells (groups 1 and 2) or
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Figure 1 Grouping of experimental animals. Female C57BL/6 mice were divided
into 3 groups. Intraperitoneal injection of CCls at 0.5 mL/kg body weight was
performed twice a week in group 1 mice (n = 12) and group 3 mice (n = 6), while
0.2 mL of saline was injected instead of CCls in group 2 mice (n = 12). One day
after the second intraperitoneal injection of CCls or saline, 1 x 10° GFP-positive
undifferentiated ES cells (0.1 mL of 1 x 10%mL solution) were transplanted into the
spleens in groups 1 and 2, whereas no cell transplantation was performed with
group 3.

intrasplenic injection of saline (group 3) (Figure 2). A
distinct distribution of immunoreactivity against GFP was
observed in the liver sections of group 1 mice, which were
treated with CCls and grafted with ES cells (Figure 2A).
Further, GFP-positive cells were present in the periportal
regions of the hepatic lobules. However, no GFP-positive
cells were detected in liver sections from group 2 mice (not
treated with CCl4, grafted with ES cells) (Figure 2B), or in
those from group 3 mice (treated with CCls, not grafted
with ES cells) (Figure 2C).

GIP-immuno-positivity was also examined in the liver
specimens on PD 20 and 30 (Figure 3). Immunoreactivity
to GFP was detected in the liver sections from group
1 mice on PD 20 (Figure 3B), though the intensity was
weaker than that on PD 10. On PD 30, scant or no GFP-
immuno-positivity was detected in group 1 mice (Figure
3C). We also counted the number of GFP-positive cells in
10 microscopic fields, focusing on the periportal area. The
average numbers of GFP-positive cells around the portal
vein on PD 10, 20, and 30 were 65 £ 18, 26 + 15, and
4.0 £ 2.0 respectively, in each microscopic field at 400 X
magnification (Figure 3D).

Expression of hepatocyte-related markers in GFP-positive
cells

Nearly all of the GFP-positive cells had disappeared from
the livers of the transplanted mice by PD 30, however,
considerable numbers of GFP-positive cells were present
in the hepatic lobules for a limited period in those in group
1. Next, we utilized immunohistochemistry to examine the
expressions of ALB, alAT, and CK18 on PD 20 (Figure
4A). ALB immuno-positivity was observed homogeneously
throughout the hepatic lobules without discrimination
between the periportal regions and the other parts.
Immuno-positivity for ol AT and CK18 was also observed
throughout the lobules, though some cells located in the
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Figure 2 Migration of ES cells into CCl«-treated mouse livers.
GFP-immuno-positivity was examined in the liver specimens on
PD 10. A: Immunoreactivity against GFP was clearly observed in
the liver sections of Group 1 mice and GFP was predominantly
distributed in the portal regions; B, C: No GFP-positive cells were
detected in liver sections of group 2 (B) and group 3 mice (C).

Figure 3 Disappearing
GFP-immuno-positivity.
GFP-immuno-positivity

on PD 10, 20, and 30

was examined using

liver specimens from

group 1 mice. A: GFP-

immunoreactivity was

N . clearly observed in
e : the periportal regions
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in the hepatic lobules, as

compared to PD 10; C:
Scant or no GFP-immuno-
positivity was detected on
PD 30; D: The average
T numbers of GFP-positive
cells around the portal
vein were determined after
examining 10 microscopic

petiportal area showed a higher level of intensity. Double
immunofluorescent studies on PD 20 demonstrated that
most of the GFP-immuno-positive cells expressed ALB,
olAT, and CK18 (Figure 4B). Further, the expression of
HNF4a, a transcription factor necessary for complete
differentiation of hepatocytes in vivo™", was confirmed in
GFP-immuno-positive cells (Figure 4C). In contrast to the
expression of hepatocyte-related markers on GFP-positive
cells, there were no CK19-positive ES-derived cells (Figure
4D).

Expression of hepatoblast marker on GFP-positive cells

Next, we used an antibody against DLK for an
immunohistochemical examination of the involvement
of recapitulating developmental processes. DLK is a
molecule identified as a possible hepatoblast marker and
known to be strongly expressed on hepatoblasts in mouse
embryonic livers until embryonic d 16.5, after which
it becomes downregulated and disappears by birth™,
Immunoreactivity against DLK was cleatly observed in

PD 10 PD 20 PD 30

fields in the periportal area
at 400 x magnification.

the periportal regions on PD 10 (Figure 5A, left), though
few DLK-immuno-positive cells were present in the
hepatic lobules on PD 20 (Figure 5A, right). A double
immunofluorescent study on PD 10 showed that the
DLK-immuno-positive cells were also GFP-immuno-

positive (Figure 5C).

Decreased fibrosis after ES transplantation

Liver fibrosis was histologically evaluated using picro-Sirius
red staining. Representative liver sections stained with
Sirius red are shown in Figure 6. The five-week treatment
with CCls induced liver fibrosis in group C mice, whereas
decreased fibrosis was observed in group 1, which received
ES cells (Figure 6B).

Tumor formation

All of the livers in the experimental animals were removed
and the lobes sliced into 2-mm widths, with specimens
from the middle lobes used for microscopic analysis.
No tumor formation was observed macroscopically or
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Figure 4 Expression of hepatocyte-related markers on GFP-positive cells. A: Prior to conducting immunofluorescent studies, the expression of GFP, ALB, o1AT, and
CK18 on PD 20 was examined using a conventional method; B, C: Double immunofluorescent studies on PD 20 demonstrated that most of the GFP-immuno-positive cells
expressed ALB, a1AT, and CK18; C: Expression of HNF4o was confirmed in the GFP-immuno-positive cells; D: There were no CK19-positive ES-derived cells.

microscopically in any of the livers. All of the spleens were
also examined macroscopically and microscopically, and no
tumors were found. Further, no tumor development in any
organs other than the liver and spleen was observed for up
to 30 d after transplantation.

DISCUSSION

In the present study, we demonstrated that ES cells
migrated to the liver and differentiated into hepatocyte-like
cells after intrasplenic transplantation. It is reasonable to
speculate that generation of a favorable microenvironment
is required in the recipient liver for undifferentiated
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ES cells to differentiate into hepatocytes. We adopted
a method of repeated CCls administration to induce
undifferentiated ES cells into hepatocyte-like cells. It has
been reported that BMSCs intravenously transplanted into
mice that received repeated CCls treatments migrated to
the liver and differentiated into hepatocytes[zﬂ, suggesting
that a favorable condition was generated in the CCls-
treated livers to trap exogenously administered BMSCs
and allow them differentiate into hepatocyte-like cells.
Although the mechanisms by which a CCls-treated liver
favors hepatic differentiation of BMSCs remain to be
elucidated, we considered that CCls treatment provides
a suitable condition for ES cells to differentiate into
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hepatocyte-like cells in a manner similar to that for
BMSCs. In addition to the differentiation of BMSCs into

hepatocyte-like cells i vivo, that of hematopoietic stem
cells (HSCs) into hepatocyte-like cells has been reported
using a coculture with hepatocytes from CCls-treated
livers™. Based on those reports, we transplanted ES cells
into CCls-treated livers of mice with the expectation that
they would differentiate into hepatocyte-like cells.

We found that ES cells migrated into the livers of
the CCl4-treated mice, whereas no such migration was
observed in CCls-untreated mice. The migrated ES cells,
shown by GFP-immuno-positivity, were distributed in the
petiportal regions on PD 10 and 20, and disappeared by
PD 30. GFP-immuno-positive ES-derived cells in the livers
on PD 20 were also immuno-positive for the hepatocyte-
related markers ALB, alAT, and CK18, suggesting their
successful differentiation into hepatocyte-like cells. Further,
the expression of HNF4q, an important transcription
factor for hepatocyte maturation, was also observed in the
ES-derived cells in our immunohistochemical examination.
These results suggest that a CCls-treated liver has the

Figure 5 Expression of hepatoblast
marker DLK on GFP-positive
cells. A: DLK-immuno-positivity
was examined on PD 10 (left) and
PD 20 (right). A number of cells
showed immunoreactivity against
DLK on PD 10, whereas there
were few on PD 20; B: Most of
GFP-immunopositive cells on PD
10 were positive for DLK.S.

Figure 6 Decreased fibrosis after
ES transplantation. Liver fibrosis
was histologically evaluated on PD
30 using picro-Sirius red staining.
Representative liver histology results
for group 3 (A) and group 1 (B) mice.
Decreased fibrosis was observed in
group 1 mice, as compared to those in
group 3.

ability to support homing and hepatic differentiation of
undifferentiated ES cells.

It is difficult to fully elucidate the mechanisms involved
with generation of ES-derived hepatocyte-like cells in the
liver. However, we considered that recapitulation of the
developmental process in the liver may have a role. In the
present study, we tested for immunopositive reactions
to DLK, which is a molecule that has been identified as
a possible hepatoblast marker and shown to be strongly
expressed on hepatoblasts in mouse embryonic livers until
embryonic d 16.5, after which it was downregulated and
disappeared by birth™. DLK-positive cells were detected
and found to have a similar distribution as GFP-positive
cells in the CCls-treated livers, as they were markedly
present in the periportal regions on PD 10 and few in
number on PD 20. Most of the GFP-positive cells were
also immuno-positive for DLK on PD 10. These results
strongly suggest that mechanisms similar to those related
to hepatocyte development are involved in generating ES-
derived hepatocyte-like cells. Apart from the involvement
of recapitulated liver development, it is known that oval
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cells are activated to proliferate following extensive and
chronic liver damage with inhibited proliferation of
hepatocytes” . Those cells are considered to represent
a type of hepatic stem cells derived from the canal of
Heringmﬁ]. Although we did not examine for the presence
of oval cells in the present study, some GFP-positive
grafted cells may also express markers for those cells, as
shown in the case of BMC transplantation to CCls-treated
mice.

Because of the risk of tumor formation, we
transplanted small numbers of undifferentiated ES cells
in the present study. Using a rat model of Parkinson’s
disease, it was initially reported that transplantation
of small numbers of mouse ES cells increases the
influence of the host tissue and allows for default
differentiation”. Therefore, we used 10° cells for
intrasplenic transplantation, which was 20-fold fewer than
the number of transplanted ES cells in a previous report”,
in which teratoma formation in the liver was documented.
Nevertheless, we expected teratoma development, because
ES cells in an undifferentiated state were utilized as graft
cells. However, no tumors developed in the livers or
spleens in the mice that received transplants up to the end
of the 30-d experimental period. This observation might
be explained by the disappearance of GFP-immuno-
positive cells from the liver by PD 30. PCR analysis of
liver tissue specimens collected on PD 30 using a GFP-
specific primer set failed to reveal PCR products (data
not shown), suggesting the absence of transplanted ES
cells or ES-derived cells in the liver. A previous study"
reported that transplanted BMSC cells were retained in
the liver under conditions of persistent CCls treatment.
We consider that one of the reasons for the elimination
of grafted ES cells seen in our study was because of the
allogeneic transplantation method utilized, as the grafted
ES cells were derived from 129SV] mice and the donor
mice were C57BLO6, even though 129S8V] and C57BL6 are
classified as the same haplotype, H-2". It is conceivable
that an immunological barrier may eliminate non-self-
grafted cells, leading to the absence of ES-derived cells
and no occurrence of tumor formation.

Interestingly, a reduction of liver fibrosis was observed
on PD 30 in CCls-treated mice that underwent ES-cell
transplantation, despite the absence of grafted cells in
the liver. It has been reported that transplantation of
BMSCs”" and BM-derived mesenchymal stem cells™ had
a protective effect against fibrosis in livers chronically
damaged by administration of CCls. However, no results
of the effects of ES cells on hepatic fibrosis are known
to have been reported. Thus, there may be some common
mechanisms underlying the improvement of hepatic
fibrosis following the transplantation of cells with stem
cell characteristics, as has been reported in the case of
BMSCs.

Recently, it was reported that mouse undifferentiated
ES cells fused with mouse bone marrow cells and neural
stem cells 7z vitrd™*". Further, hybrid hepatocytes were
produced by cell fusion between embryoid body-derived
cynomolgus monkey ES cells and hepatocytes from uPA/
SCID mice!". In the present study, we did not investigate
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whether generation of GFP-immuno-positive hepatocyte-
like cells in the liver was due simply to the differentiation
of the transplanted ES cells, or to cell fusion between
ES cells and hepatocytes. In the near future, we intend to
perform FISH analyses using a set of mouse chromosome
X- and Y-specific probes.

In conclusion, we found that undifferentiated ES cells
grafted into the spleen migrated to the liver and developed
into hepatocyte-like cells without apparent tumor
formation in CCls-treated mice. Although a prolonged
presence of grafted cells in the liver was not observed, a
beneficial effect of inhibiting fibrosis was obtained by the
present single transplantation method. In the coming era
of control of cell growth, undifferentiated ES cells may
be directly used for therapeutic transplantation as well as
terminally differentiated derivatives.
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