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: Docetaxel (TaxotereR) has emerged as a prime

chemotherapeutic agent in adjuvant chemotherapy worldwide.
However, the most common adverse effect of Docetaxel is
myelosuppression, include neutropenia and anemia. Fungal
Immunomodulatory Proteins of Flammulina velutipes and
Ganoderma tsugaeare were called FIP-fve and FIP-gts,
respectively. In previous study, immunomodulartory protein
has anti-tumor activity. In this study, we investigated
that FIP-fve and FIP-gts-induced decreases in lung cancer
or docetaxel-mediated bone marrow damage and osteoporosis.
In animal model, complete blood count reveals neutropenia
and anemia. Moreover, FIP-gts but not FIP-fve can reverse
docetaxel-induced neutropenia. As compared to Control
group, histological sections of intestine shows that
villous length was decrease in Docetaxel group, Docetaxel
combined with FIP-fve and Docetaxel combined with FIP-fve,
respectively. Consequences, FIP-fve and FIP-gts
significantly decreased docetaxel-induced intestine damage.
Moreover, numbers of adipocytewas significantly increased
in Docetaxel group as compared to Control group in bone
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marrow. FIP-fve and FIP-gts can decrease docetaxel-induced
adipocyte in bone marrow. Quantification of trabecular bone
percent bone volume, trabecular number, bone surface
density, and trabecular separation analyzed by on 3D micro-
CT analysis. This i1s reason that Docetaxel induced bone
damage and increase osteoporosis risk. Moreover FIP-fve and
FIP-gts significantly reversed docetaxel-decreased percent
bone volume, trabecular number and bone surface density. On
the enzyme-linked immunosorbent assay (ELISA), total plasma
Granulocyte colony-stimulating factor (G-CSF) concentration
was significantly increased in Docetaxel + FIP-gts group as
compared to Docetaxel group. Both of FIP-fve and FIP-gts
can stimulate G-CSF mRNA expression in human peripheral
blood mononuclear cells (hPBMCs) by RT-PCR and inhibit A549
cell survival by MIT assay. Both of FIP-fve and FIP-gts
reduce

Ganoderma immunomodulatory protein, Neutropenia -
Granulocyte colony-stimulating factor (G-CSF) -~ Bone damage
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Docetaxel (Taxotere®) has emerged as a prime
chemotherapeutic agent in adjuvant chemotherapy
worldwide. However, the most common adverse
effect of Docetaxel is myelosuppression, include
neutropenia and anemia. Fungal
Immunomodulatory  Proteins of Flammulina
velutipes and Ganoderma tsugaeare were called
FIP-fve and FIP-gts, respectively. In previous study,
immunomodulartory protein has anti-tumor activity.
In this study, we investigated that FIP-fve and
FIP-gts-induced decreases in lung cancer or
docetaxel-mediated bone marrow damage and
osteoporosis. In animal model, complete blood
count reveals neutropenia and anemia. Moreover,
FIP-gts but not FIP-fve can reverse
docetaxel-induced neutropenia. As compared to
Control group, histological sections of intestine
shows that villous length was decrease in Docetaxel
group, Docetaxel combined with FIP-fve and
Docetaxel combined with FIP-fve, respectively.
Consequences, FIP-fve and FIP-gts significantly
decreased docetaxel-induced intestine damage.



Moreover, numbers of adipocytewas significantly
increased in Docetaxel group as compared to
Control group in bone marrow. FIP-fve and FIP-gts
can decrease docetaxel-induced adipocyte in bone
marrow. Quantification of trabecular bone percent
bone volume, trabecular number, bone surface
density, and trabecular separation analyzed by on
3D micro-CT analysis. This is reason that
Docetaxel induced bone damage and increase
osteoporosis risk. Moreover FIP-fve and FIP-gts
significantly reversed docetaxel-decreased percent
bone volume, trabecular number and bone surface
density. On the enzyme-linked immunosorbent
assay (ELISA), total plasma Granulocyte
colony-stimulating factor (G-CSF) concentration
was significantly increased in Docetaxel + FIP-gts
group as compared to Docetaxel group. Both of
FIP-fve and FIP-gts can stimulate G-CSF mRNA
expression in human peripheral blood mononuclear
cells (hPBMCs) by RT-PCR and inhibit A549 cell
survival by MTT assay. Both of FIP-fve and FIP-gts
reduce the mMRNA expression of monocyte
chemotactic protein-1 (MCP-1), which promotes
lung cancer-induced bone resorptive lesions in
A549 lung cancer cells by RT-PCR and ELISA.
This is the first study to reveal the novel function of
FIP-fve and FIP-gts in mitigating docetaxel-induced
adverse side effects. Therefore, we suggest that
FIP-fve and FIP-gts may be potential adjuvants of
docetaxel.

Keywords: Ganoderma immunomodulatory protein,

Neutropenia ~ Granulocyte colony-stimulating factor
(G-CSF) ~ Bone damage
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Figure 1. Body weight of the whole body in
FIP-fve and FIP-gts treated mice after after
intravenous (IV) injection of docetaxel. Body
weight of Control Group, Docetaxel Group,
Docetaxel+FIP-fve Group, and Docetaxel+FIP-gts
Group. ~P<0.01 versus Control Group; *P<0.05
compared with the group treated with docetaxel
alone. Data presented as means £ SD, n=5 mice in
each group.
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Figure 2. Total plasma G-CSF concentrations
were determined with ELISA. Murine G-CSF
concentration (pg/mL) in Control mice (n=3),
Docetaxel mice (n=5), Docetaxel+ FIP-fve mice
(n=5), and Docetaxel+FIP-gts mice (n=4). "P<0.05
versus Control Group; *P<0.05 compared with the
group treated with docetaxel alone. Data presented
as means + SD.
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Figure 3. Morphology of the mice villus after
treatment with PBS, FIP-fve or FIP-gts followed
by co-treatment with docetaxel. (A) Histological
images of villus by Hematoxylin and eosin stain
were observed under microscope. The villi were
severely damaged in the Docetaxel+PBS Group,
evidencing the toxicity of Docetaxel to intestinal
mucosa. In contrast, the structural integrity of villus
were maintained in the samples from the
Docetaxel+FIP-fve and Docetaxel+FIP- gts Groups.
(B) Quantification of villus in FIP-fve and FIP-gts
treated mice after injected (IV) Docetaxel.
""P<0.001 versus Control Group; "P<0.001
compared with the group treated with docetaxel
alone. Data presented as means = SD.
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Figure 4. Micro CT-3D image analysis of the
Tibia. (A) The analyzing results of mice Tibia with
micro-CT 3D images of Control, Docetaxel,
Docetaxel + FIP-fve and Docetaxel +FIP-gts. The
tibia sample from the Docetaxel+PBS Group is
much more osteo-porous than the Control Group.
(B) The cross-section view of mice' knee in FIP-fve
and FIP-gts treated mice after injected (IV)
Docetaxel. (C) The longitudinal section view of
mice' distal femur and proximal tibia in FIP-fve and
FIP-gts treated mice after injected (V) Docetaxel.
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Figure 5. Effects of Docetaxel on bone marrow
adipogenesis potential in vivo. (A) Hematoxylin
and eosin stain (H&E stain) of tibial in a control
mice and mice treated with PBS, FIP-fve or FIP-gts
followed by co-treatment with Docetaxel. Total
pixel area is 345x345. (B)The numbers of
adipocyte was counted under a dissecting
microscope. ~ P<0.001 versus Control Group;
"P<0.01 compared with the group treated with
docetaxel alone. Data presented as means = SD.
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Figure 6. Effect of FIP-fve and FIP-gts on
preosteoblast differentiation. (A) MC3T3 (1x10*
cells/well of 24 wells dish) differentiation were
stimulated with vitamin C (50 pg/mL) and
B-glycerophosphate (10 mM) on Days 1, 3 and 5.
The “x1” indicates FIP-fve or FIP-gts treatment for
once on Day 1. The “x3” indicates FIP-fve or
FIP-gts treatment for 3 times on Days 1, 3 and 5.
On Day 7, ALP stain was used to examine
preosteoblast differentiation. (B) MC3T3 (1x10*
cells/well of 24 wells dish) differentiation were
stimulated with FIP-fve /FIP-gts combined with or
without vitamin C and pB-glycerophosphate. The
preosteoblast differentiation was investigated by
ALP stain. (C) ALP was quantified by ALP activity
assay.  P<0.001 versus Control Group.
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Figure 7. Effects of Docetaxel combined with
FIPs on cell survival were analyzed by MTT
assay. (A) A549 (3 x10° cells/well of 96 wells dish)
were treated with various concentration of
Docetaxel (0, 10 nM) combined with FIP-fve (0, 3.8,
15.2 uM) for 48 h. (B) A549 (3x10° cells/well of 96
wells dish) were treated with various concentration
of Docetaxel (0, 10 nM) combined with FIP-gts (0,
0.3, 1.2 uM) for 48 h.
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Figure 8. Effect of FIP-fve and FIP-gts on IL-20
and G-CSF expression. (A) HPBMC (2x10°
cells/well of 24 wells dish) were treated with



FIP-fve (0, 3.8 uM) or FIP-gts (0, 0.3 uM) for
various time periods (12, 24, 48, and 72 h). (B)
HPBMC (2x10° cells/well of 24 wells dish) were
treated with various concentration of FIP-fve (0, 3.8,
7.6 uM) or FIP-gts (0, 0.075, 0.3 uM) for 24 and 48
h. The total RNA was reverse-transcribed into
cDNA, and the expression of I1L-20, IFN-y, G-CSF,
and B-actin were analyzed by PCR.

Time 48 h
Docetaxel (nM) 10 10 10
FIP-fve (nM) 3.8 3.8
FIP-gts (uM) 0.3 - - 0.3
1.0 1.5 1.6 1.0 24 1.9
1.0 0.8 0.6 0.6 0.7 0.5
1.0 0.9 1.0 0.4 1.0 0.8

B -actin
Figure 9. Effect of Docetaxel combined with
FIPs on OPG and RANKL expression. HPBMC
(2x10° cells/well of 24 wells dish) were treated
with various concentration of Docetaxel (0, 10 nM)
combined with FIP-fve (0, 3.8 uM) or FIP-gts (0,
0.3 uM) for 48 h. The total RNA was
reverse-transcribed into cDNA, and the expression
of IFN-y, OPG, RANKL, and B-actin were analyzed
by PCR.

Time 24h
Docetaxel (nM ) - - - - - 10 10 10 10 10
FIP-fve (pM) - 38 7.6 - - - 3.8 7.6 - -
FIP-gts (pM) - - - 0.3 1.2 - - - 0.3 1.2
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Figure 10. Effect of Docetaxel combined with
FIPs on MCP-1 expression. (A) A549 cells (5x10°
cells/60 mm dish) were treated with various
concentration of Docetaxel (0, 10 nM) combined
with FIP-fve (0, 3.8, 7.2 uM) or FIP-gts (0, 0.3, 1.2
uM) for 24 h. (B) Cultured A549 cells (5x10°
cells/60 mm dish) were treated with various
concentration of Docetaxel (0, 10 nM) combined
with FIP-fve (0, 3.8, 7.2 uM) or FIP-gts (0, 0.3, 1.2
uM) in DMEM supplemented with 10% FBS for 24
h. Conditioned media were subjected to ELISA to
measure amounts of secreted MCP-1 (mean value
from three independent experiments). Data are
presented as means + SD. ~ p<0.005 versus group
of control (untreated docetaxel). **p < 0.005 versus
group of docetaxel alone.
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Tables

Docetaxel
Control PBS FIP-fve FIP-gts

WBC  (x10%uL)  6.29+1.19 3.40+0.74" 4.30+0.68 5.81+1.64"
RBC  (x10%uL)  9.19+0.52 8.06+0.43" 8.65+0.53 8.16+0.52
HGB  (g/dL) 13.69+0.78 11.95+0.59" 13.08+0.46" 12.21+0.99
HCT (%) 46.85+2.52 40.87+2.13" 44.33+2.77 41.33+3.04
MCV  (fL) 51.00+0.28 50.68+0.42 51.25+0.28 50.62+1.14
MCH  (pg) 14.92+0.25 14.84+0.15 15.15+0.52 14.94+0.53
MCHC (g/dL) 29.26+0.40 29.25+0.09 29.56+1.08 29.54+0.37
PLT (x10%/uL) 527.00+181.31 377.17+142.49  684.47+214.03  552.33+360.61
LYM% 75.68+7.92 72.40£6.72 66.28+7.52 61.47+13.94
LYM# (x10%uL)  4.70+0.90 2.44+0.50" 2.82+0.36 3.41+0.49"
RDW  (fL) 28.90+0.30 29.14+0.64 29.66+0.64 30.08+1.43
MPV  (fL) 6.35+0.23 6.60+0.28 6.57+0.23 6.54+0.29

WBC : white blood cells; RBC : red blood cells; HGB : hemoglobin; HCT : hematocrit;
MCV : mean cell volume; MCH : mean corpuscular hemoglobin content; MCHC :

mean

corpuscular hemoglobin concentration; PLT : platelets; LYM : lymphocyte;
RDW : red cell distribution width; MPV : mean platelet volume.

Table 1. Impaired blood cell recovery in FIP-fve and FIP-gts treated mice after
injected (i.v.) Docetaxel.
Complete blood counts (CBC) of PBS, Docetaxel (30 mg/kg) +PBS, Docetaxel
+FIP-fve (10 mg/kg), or Docetaxel +FIP-gts (2 g/kg) after injected Docetaxel three
times on day18. **P < 0.01 versus group of control (untreated docetaxel). The symbol
(#) and (# #) indicates P<0.05 and P <0.01 versus group of docetaxel alone with
Mann - Whitney U test, respectively. N=5 in each group. Data are presented as means

+ SD
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Table 2. Effects of docetaxel combined with FIPs on bone microarchitecture indices in mice measured by micro-CT.

BMD Percent Trabecular Trabecular Trabecular Structure  Bonesurface  Bone surface
bone volume thickness Separation number model index /volume ratio density
mean BV/TV Th.Th Th.Sp Th.N SMI BS/BV BS/TV
g/lcm”3 % mm mm mm™* mm™* mm™
Control 1127+0.129 21.82+110  0.070+0.005 0207+0.019  3.116+0.255  1.66+0.06  5594+4.13 12.201+0.997

Docetaxel +PBS 1.116+0.181 11.35+3.32” 0.068+0.004 0.379+0.109” 1.657+0.454"~ 2.03+0.16° 61.18+532 6.818+1.674"
Docetaxel +FIP-fve 1.204+0.078 17.36+2.30° 0.072+0.006 0.268+ 0.091 2.413+0.316"  1.92+0.07 56.44+528  9.761 + 1.256"

Docetaxel +FIP-gts 1.107+0.205 18.56+2.89" 0.077+0.012 0.263+ 0.059 2.477 +0.547 1.92+0.23 53.45+735 9.916+1.866

Quantification of trabecular bone in Control mice and mice treated with PBS, FIP-fve or FIP-gts followed by cotreatment with Docetaxel. ~ P <
0.01 versus group of control (untreated docetaxel). The symbol (*) and (**) indicates P < 0.05 and P < 0.01 versus group of docetaxel alone with
Mann-Whitney U test, respectively. N=5 in each group. Data are presented as means = SD.
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