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Abstract The influence of tumor surrounding microenviron-
ment is often neglected when immunohistochemistry is per-
formed to investigate tumor properties and search biomarkers
of cancer. This study was designed to evaluate whether the
influence of tumor microenvironment on biological features
of tumor cells should be taken into account for interpretation
of the immunohistochemistry data of tumor specimens. In this
study, we showed an example by using three tumor cell lines
(HeLa,WSU-HN6, and Tca83) to establish tumor-caused bone
destruction models in nude mice and then to investigate the
influence of bone marrow microenvironment (BMM) on bio-
logical features of tumor cells. Immunohistochemistry results
showed that, compared with tumor cells located outside of
BMM, tumor cells located inside of BMM presented huge
differences in the expression of inflammation-related proteins
including tumor necrosis factor-α (TNF-α), TNF receptor-
associated factor protein-6 (TRAF-6), phosphorylated-NF-κB
p65 (p-p65), interleukin (IL)-6 and IL-11, matrix metallopro-
teinases including MMP-1, MMP-2, MMP-9, and MMP-13;
and osteogenesis-related proteins including runt-related tran-
scription factor 2 (RUNX2), bone sialoprotein (BSP), and
osteocalcin (OCN) in all the models. However, when we com-
pared the cell line pair derived from different sites (outside and
inside of BMM, respectively) of the same HeLa tumor sample
by real-time PCR, Western blot, and immunocytochemistry,

the differences aforementioned in tumor tissues were not
found. In addition, we verified that normal human bone mar-
row could not cause the above changes detected in vivo. Our
results suggested that tumor-modified microenvironment
could give the new biological features of the invaded tumor
cells. Therefore, we should consider the influence of the sur-
rounding microenvironment on tumor cells when we analyze
tumor properties using immunohistochemistry.
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Introduction

Local invasion and distant metastasis can make tumor cells
invade adjacent tissues or spread to distant tissues. Therefore,
the tumor cells may have an opportunity to be affected by
specific microenvironments such as the bone marrow micro-
environment (BMM), brain and spinal marrow microenviron-
ment and present different properties [1–5]. However, it is the
fact that the influence of tumor microenvironment is often
neglected when we use the immunohistochemistry to investi-
gate the tumor properties and search a biomarker of tumor.

The aim of this study was to evaluate whether the effect of
microenvironment on tumor properties should be taken into
consideration when immunohistochemistry data are used to
investigate tumor essential biological features. This is a very
important question for making an accurate assessment and
searching a biomarker of tumor. In this study, we used HeLa,
WSU-HN6, and Tca83 tumor-caused bone destruction models
to investigate the influence of BMM on the biological features
of tumor cells. Through immunohistochemistry, we compared
the tumor tissues located inside and outside of BMM in the
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same specimens of the models. Then we generated a pair of
homologous cell lines from tumor tissues located at different
sites (outside and inside of the BMM, respectively) of the
same HeLa tumor sample. Next, the homologous cell lines
were compared with each other using real-time PCR, Western
blot, and immunocytochemistry assays to explore whether the
tumor features directly reflected by immunohistochemistry in
the tumor specimens are intrinsic and heritable properties of
the tumor or not. Finally, we investigated the influence of
normal human bone marrow on the expression of detected
genes and the mobility of WSU-HN6 cells in vitro by real-
time PCR and wound healing assay. Our results demonstrated
that the tumor microenvironment could affect the tumor biol-
ogy properties tremendously and this should not be ignored
when immunohistochemistry was used to investigate the in-
trinsic property of tumor.

Materials and methods

Cell culture

Human cervical carcinoma cell line HeLa, human head and
neck squamous cell carcinoma cell line WSU-HN6, and hu-
man tongue squamous cell carcinoma cell line Tca83 were
maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM; Gibco, Grand Island, NY, USA) or RPMI-1640
(Gibco), supplemented with 10 % fetal bovine serum (FBS;
Gibco) and 1 % penicillin-streptomycin solution (Gibco) in a
humidified incubator at 37 °C in an atmosphere of 5 % CO2.
Cells in mid-logarithmic growth (~75 % confluence) were
used for the following experiments.

Establishment of tumor-caused bone destruction models
in the lumbar vertebra and tibiae of nude mice

This study was approved byMedical Ethical Committee of the
Peking University Health Center (LA2008-22). To confirm
the data, we established two kinds of tumor-caused bone de-
struction models using HeLa, WSU-HN6, and Tca83 cells,
which were injected into the erector spinae of the lumbar
vertebra and tibiae of 6-week-old female BALB/c nude mice
(3×106/mouse), respectively. At 30 days after tumor cell in-
jection, the mice were sacrificed and the tumors with the in-
vaded bone tissues were removed. All the tumor-caused spinal
bone destruction samples and some tumor-caused tibia bone
destruction specimens were fixed by 10 % formalin immedi-
ately. The fixed tumor-caused tibia bone destruction speci-
mens were subjected to micro-CT analysis. The remaining
fresh tumor samples were used to generate the paired homol-
ogous cell lines.

Micro-CT analysis of tumor-caused tibia bone destruction
specimens

To detect the tumor-caused bone lesions in tibia destruction
models, the fixed samples were scanned with micro-CT ma-
chine (Inveon MM CT; Siemens, USA).

Histological evaluation and immunohistochemistry

All the fixed tissue samples (tumor-caused spinal bone de-
struction samples and tumor-caused tibia bone destruction
specimens) were decalcified in 17 % EDTA solution, embed-
ded in paraffin wax, and sectioned into 4-μm slices for hema-
toxylin and eosin (HE) and immunohistochemistry staining.
For immunohistochemistry, after dewaxing, the slides were
dipped in 3 % hydrogen peroxide (H2O2) for 10 min to block
endogenous peroxidase activity. After washing thrice in
phosphate-buffered saline (PBS), antigen retrieval was per-
formed with citrate buffer (0.01 M, pH 6.0) using microwave
method or by incubating the slices with 1 % trypsin at 37 °C
for 30 min depending on different demands of the primary
antibodies. Then the slides were incubated with primary anti-
bodies against pan-cytokeratin (pan-CK; used as supplied;
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.,
Beijing, China), tumor necrosis factor-α (TNF-α; 1:100 dilu-
tion; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
TNF receptor associated factor protein-6 (TRAF-6; 1:100;
Santa Cruz Biotechnology), phosphorylated-NF-κB p65 (p-
p65; 1:100; Santa Cruz Biotechnology), interleukin (IL)-6
(1:100; Santa Cruz Biotechnology), IL-11 (1:100; Santa Cruz
Biotechnology), matrix metalloproteinase (MMP)-1 (1:100;
Epitomics, Inc., CA, USA), MMP-2 (used as supplied; Bei-
jing Zhongshan Golden Bridge Biotechnology Co., Ltd.),
MMP-9 (used as supplied; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd.), MMP-13 (1:100; Epitomics), runt-
related transcription factor 2 (RUNX2; 1:100; Santa Cruz Bio-
technology), bone sialoprotein (BSP; 1:100; Santa Cruz Bio-
technology), and osteocalcin (OCN; 1:100; Santa Cruz Bio-
technology), respectively, in a humidified chamber at 4 °C
overnight. After washing, the slides were treated with horse-
radish peroxidase (HRP)-conjugated secondary antibodies for
1 h at ambient temperature. The immunoreaction was detected
using 3,3′-diaminobenzidine (DAB; Beijing ZhongshanGold-
en Bridge Biotechnology, Co., Ltd.) incubation for 1 min.
Then the slides were counterstained with hematoxylin. Nega-
tive controls were performed using PBS instead of the primary
antibodies. All slides were recorded using an Olympus DP
controller (Olympus, Tokyo, Japan).

Analysis of immunohistochemistry images

Two investigators blinded to this study quantified the immu-
nohistochemical staining of TRAF-6, p-p65, TNF-α, IL-6, IL-
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11, MMP-1, MMP-2, MMP-9, MMP-13, RUNX2, BSP, and
OCN in the tumor cells located outside and inside of the
BMM. Ten random high-power fields (×400 magnification)
of immunohistochemistry images were selected for each sam-
ple to do further analysis. Mean optical density (integrated
optical density/area) of positive reactions of the tumor cells
in each image was analyzed with Image-Pro Plus 6.0 (Media
Cybernetics, Bethesda, MD, USA) after color segmentation
with the fixed threshold value of hue, saturation, and intensity
(HSI) [6–8].

Generation of HeLa-TOB and HeLa-TIB cell lines
from tumor-caused bone destruction models in the tibiae
of nude mice

After being removed from the bodies of nude mice, some
HeLa-caused tibia bone destruction specimens were used im-
mediately to generate homologous cell lines from the same
HeLa tumor tissue. One cell line was derived from the tumor
tissue located outside of the BMM and the other was derived
from the tumor tissue located inside of the BMM, hereafter
named as HeLa-TOB cell line and HeLa-TIB cell line, respec-
tively. The procedure of tissue culture was performed carefully.
For generation of HeLa-TOB cell line, a small soft tumor tissue
which was far away from the BMM was removed from the
HeLa tumor sample and cut into about 1-mm3 tissue blocks.
For theHeLa-TIB cell line generation, the remaining soft tissue
outside of the tibia BMM was entirely removed by shearing,
scraping, and washing. In order to further eliminate the tumor
cells outside of the BMM, the bare tibia was digested by 0.25
% Trypsin-EDTA at 37 °C for 5 min and washed three times
with PBS. Then the tibia was cut into small fragments (1 mm3)
with new surgical instruments. After that, the two kinds of
small tissue blocks mentioned above were cultured in T25
flasks separately with DMEM containing 10 % FBS and 1 %
penicillin-streptomycin solution at 37 °C in a humidified 5 %
CO2 atmosphere. About 1–2 weeks after tissue culture, single

colony-derived cell lines were found, isolated, and expanded,
and then identified by immunocytochemistry staining for pan-
CK, a biomarker for cells of epithelial origin.

Real-time PCR

Tumor cells in mid-logarithmic growth were used for real-
time PCR. Total RNA was extracted from the tumor cells
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and
cDNA was obtained by reverse transcription with the
GoScriptTM Reverse Transcription System (Promega, Madi-
son, WI, USA). Relative quantitative real-time PCR reactions
were performed with SYBR Green PCR master mix (Roche,
Indianapolis, IN, USA) in an ABI Prism 7000 Sequence De-
tection System (Applied Biosystems, Life Technologies, War-
rington, UK). GAPDH was used as the endogenous control.
The primers of each target gene are listed in Table 1. The
thermal cycling consisted of 10 min at 95 °C, followed by
40 cycles at 95 °C for 15 s, and at 60 °C for 1 min. All
amplifications were performed in triplicate for each sample
and repeated three times independently. Relative expression
of the target genes was analyzed using the 2−ΔΔCt method.

Western blot

HeLa-TOB and HeLa-TIB cells in mid-logarithmic growth
were used for Western blot. After washing with ice PBS, the
tumor cells were lysed on ice in RIPA buffer (Applygen Tech-
nologies, Inc. Beijing, China) supplemented with protease in-
hibitors (Roche). The concentration of total protein was deter-
mined using BCA protein assay kit (Thermo Fisher Scientific
Inc., Rockford, USA). Equal quantities of protein (25 μg)
were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE; Applygen Technology) and
transferred to polyvinylidene difluoride membranes
(Millipore Corporation, Billerica, MA, USA). The mem-
branes were blocked in 5% nonfat dry milk for 1 h and probed

Table 1 The sequences of real-
time PCR primers used in this
study

Gene Forward primers (5′–3′) Reverse primers (5′–3′)

GAPDH ATGGGGAAGGTGAAGGTCG GGGGTCATTGATGGCAACAATA

TRAF-6 CCCTACAGCCCCAATTCCAT GCGTGCCAAGTGATTCCTCT

TNF-α GTGCTTGTTCCTCAGCCTCT GCTTGTCACTCGGGGTTCGA

IL-6 GTGAGGAACAAGCCAGAGC TACATTTGCCGAAGAGCC

MMP-1 TCTGGGGTGTGGTGTCTCA GCCTCCCATCATTCTTCAGGTT

MMP-2 GCCCCAGACAGGTGATCTTG GCTTGCGAGGGAAGAAGTTGT

MMP-9 GCCCGACCCGAGCTGACTC TTCAGGGCGAGGACCATAGAGG

MMP-13 TTTCAACGGACCCATACAGTTTG CATGACGCGAACAATACGGTTA

RUNX2 TCCTATGACCAGTCTTACCCCT GGCTCTTCTTACTGAGAGTGGAA

BSP GAACCTCGTGGGGACAATTAC CATCATAGCCATCGTAGCCTTG

OCN CACTCCTCGCCCTATTGGC CCCTCCTGCTTGGACACAAAG
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with primary antibodies against p-p65 (1:1000; Epitomics), total-
p65 (t-p65;1:1000; Cell Signaling Technology, Inc., Danvers,
MA, USA), IL-6 (1:500; Epitomics), MMP-1 (1:1000; Epi-
tomics), MMP-2 (1:300; Santa Cruz Biotechnology), MMP-9
(1:1000; Cell Signaling Technology), MMP-13 (1:1000; Epi-
tomics), RUNX2 (1:300; Santa Cruz Biotechnology), BSP
(1:300; Santa Cruz Biotechnology), and GAPDH (1:1000; Bei-
jingZhongshanGoldenBridgeBiotechnologyCo., Ltd.), respec-
tively, at 4 °C overnight. After incubation with HRP-linked sec-
ondary antibodies, the protein bands were visualized using an
enhanced chemiluminescent substrate (Applygen Technology).

Immunocytochemistry

HeLa-TOB and HeLa-TIB cells in mid-logarithmic growth
were used for immunocytochemistry. Briefly, tumor cells
(1×104 cells per well) were plated onto the sterile glass slides
in 24-well plates and grown for 48 h. After that, they were
fixed with 95 % ethanol, permeabilized with 0.1 % Triton
X-100, treated with 3 % H2O2, blocked in 5 % horse serum,
and incubated with the same primary antibodies as used in
immunohistochemistry overnight at 4 °C. After washing with
PBS, the slides were treated with HRP-conjugated secondary
antibodies for 1 h at room temperature and incubated with
DAB to perform the color development and counterstained
with hematoxylin. Negative controls were prepared with
omission of the primary antibodies. All glass slides were ob-
served under a microscope, and images were recorded using
an Olympus DP controller (Olympus).

Preparation of diluted bone marrow from a healthy donor
and investigation of its influences on WSU-HN6 cells
through real-time PCR and wound healing assays

Bonemarrowwas obtained from the posterior superior iliac spine
of a 45-year-old healthy woman who underwent bone marrow
donation in Peking University First Hospital with informed con-
sent. The bone marrow was centrifuged with 400×g for 30 min
to remove red blood cells, then suspension was filtered through a
70-μm filter and stored in −20 °C freezer. The bone marrow
diluted with DMEM at 1:10 ratio (BM-CM) was used to treat
WSU-HN6 cells for real-time PCR and wound healing assays.

Wound healing assay

WSU-HN6 cells were plated in six-well-plates and cultured as
confluent monolayer. Then the cell monolayer was treated
with mitomycin (30 μg/mL) for 2 h and scratched using a
sterile 200-μl pipette tip. The scratched cells were removed
by washing with PBS for three times. After that, the cell
monolayer was cultured with serum-free DMEM or BM-
CM. The wound areas were photographed at 0 and 12 h after
scratch with a microscope (TE-2000U; Nikon, Tokyo, Japan).

The scratch width at different time points was measured, and
finally the relative migration speed was calculated.

Statistical analysis

All experiments were repeated at least three times. Data
were presented as means±standard deviation (SD).

Fig. 1 HE stain and immunohistochemistry staining for pan-cytokeratin
(pan-CK) of the HeLa-, WSU-HN6-, and Tca83-caused spinal bone
destruction samples. The middle column represented the original low
magnification (×100) images (a, b, c, d, e, and f), in which black dotted
bordered rectangles represented tumor tissues located outside of BMM,
and black line rectangles represented tumor tissues located inside of
BMM. The images of the left column (a1, b1, c1, d1, e1, and f1)
represented the magnification fields of black dotted bordered rectangles
in the corresponding original figures, while the images of the right column
(a2, b2, c2, d2, e2, and f2) represented the magnification fields of black
line rectangles in the corresponding original figures. In these images, bone
destruction lesions have been induced by the three cancer cell lines, and
pan-CK immunohistochemistry results further confirmed the neoplasms
located outside and inside of BMMare epithelial original cells. In addition,
the morphology of TOB and TIB cells was different. Compared with TOB
cells, TIB cells presented much larger with plentiful cytoplasm and lightly
stained vesicular nucleus in the three tumor-caused bone destruction
models. The left, middle, and right columns, as well as black dotted
bordered and black line rectangles represented the same meaning in
following figures
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Fig. 2 Expression pattern of
inflammation-related molecules
in HeLa-caused spinal bone
destruction samples. The results
showed that TIB cells were
strongly positive to inflammation-
related molecules TRAF-6,
p-p65, TNF-α, IL-6, and IL-11
compared with TOB cells.
*P<0.05; **P<0.01

Fig. 3 Expression pattern of
MMPs in HeLa-caused
destructive bone lesions in the
lumbar vertebra of nude mice.
The results showed that TIB cells
were much more positive to
MMP-1, MMP-2, MMP-9, and
MMP-13 than TOB cells.
*P<0.05; **P<0.01

Tumor Biol. (2015) 36:4467–4477 4471



Statistical analyses were performed by independent sam-
ple t-test with SPSS 13.0 software (SPSS Inc., Chicago,

IL, USA). P value <0.05 was defined as significant
difference.

Fig. 4 Expression pattern of
osteogenesis-related genes in
HeLa-caused spinal bone
destruction specimens. The
results showed that TIB cells were
much more positive to RUNX2,
BSP, and OCN than TOB cells.
*P<0.05; **P<0.01

Fig. 5 Expression pattern of
p-p65, MMP-9, and BSP in
WSU-HN6- and Tca83-caused
destructive bone lesions in the
lumbar vertebra of nude mice.
The results showed that in WSU-
HN6 and Tca83 samples, p-p65,
MMP-9, and BSP present the
same expression pattern as those
in HeLa-caused spinal bone
destruction specimens. TIB cells
were strongly positive to p-p65,
MMP-9, and BSP compared with
TOB cells. *P<0.05; **P<0.01

4472 Tumor Biol. (2015) 36:4467–4477



Results

Tumor-caused destructive bone lesions in the lumbar vertebra
of BALB/c nude mice

HE stain and immunohistochemistry for pan-CK showed
that HeLa, WSU-HN6, and Tca83 tumor cells invaded
into the BMM in tumor-induced spinal bone destruction
models (Fig. 1). In high magnification fields (×400) of
HE stain, we found a different morphology between
tumor cells located outside of BMM (TOB cells) and
tumor cells located inside of BMM (TIB cells). Com-
pared with TOB cells, TIB cells were much larger with
plentiful cytoplasm and lightly stained vesicular nucleus.
The immunohistochemistry for pan-CK clearly showed
that tumor cells located both outside and inside of
BMM were positive for pan-CK, a classical epithelial
cell biomarker [9], which further confirmed that the in-
vaded cells were tumor cells.

Tumor cells located inside of BMM (TIB cells) presented
different biological features with tumor cells located
outside of BMM (TOB cells)

The expression of some specific molecules which play a sig-
nificant role during tumor progression was investigated by
immunohistochemistry in tumor-caused spinal bone destruc-
tion samples. These molecules included (1) inflammation-
related molecules including TRAF-6, p-p65, TNF-α, IL-6,
and IL-11 which can promote the progression of tumor cells
in bone and induce osteoclast differentiation [10–13], (2)
MMPs including MMP-1, 2, 9, and 13 which exerted an im-
portant role in invasion and metastasis of tumor through deg-
radation of the extracellular matrix (ECM) [14–16]; and (3)
osteogenesis-related molecules including RUNX2, BSP, and
OCN which were traditionally thought to be specifically
expressed in bone and recently had been ectopically detected
in a number of cancers (such as breast cancer and prostate
cancer) and were significantly associated with the

Fig. 6 Micro-CT analysis and
immunohistochemistry of HeLa-
and WSU-HN6-caused bone
destruction models in the tibia of
nude mice. a Micro-CT results
showed that HeLa and WSU-
HN6 tumor cells clearly caused
decreased bone mineral density
and interruption of bone
continuity (indicated by the
dotted ovals). b
Immunohistochemistry results
showed that TIB cells (indicated
by black triangles) were strongly
positive to p-p65, MMP-9, and
BSP compared with TOB cells
(indicated by black arrows) in
these two tumor cell-caused tibia
bone destruction models. The
images of the
immunohistochemistry were
obtained at×400 magnification.
*P<0.05; **P<0.01

Tumor Biol. (2015) 36:4467–4477 4473



development of bone metastases and poor prognosis [17–25].
In HeLa-caused spinal bone destruction samples, the results
showed that compared with TOB cells, TIB cells presented (1)
higher levels (higher mean optical density values of the posi-
tive reactions ) of TRAF-6 (P=0.000), p-p65 (P=0.003),
TNF-α (P=0.018), IL-6 (P=0.003), and IL-11 (P=0.009)
(Fig. 2); (2) higher levels of MMP-1 (P=0.009), MMP-2
(P=0.017), MMP-9 (P=0.000), and MMP-13 (P=0.007)
(Fig. 3); and (3) higher levels of RUNX2 (P=0.000), BSP
(P=0.000), and OCN (P=0.012) (Fig. 4). In WSU-HN6-
and Tca83-caused spinal bone destruction samples, the results
showed the similar expression patterns as those in HeLa sam-
ples. Here, we only showed are the results and statistical P
values of p-P65 (P=0.000 for WSU-HN6 samples, P=0.020
for Tca83 samples), MMP-9 (P=0.002 for WSU-HN6 sam-
ples, P=0.002 for Tca83 samples), and BSP (P=0.005 for
WSU-HN6 samples, P=0.005 for Tca83 samples) (Fig. 5).

Micro-CT analysis and immunohistochemistry
of tumor-caused bone destruction models in the tibia of nude
mice

The micro-CT results clearly showed that both HeLa and
WSU-HN6 tumor cells caused reduction in bone mineral den-
sity and interruption of bone continuity in the affected tibiae
after 1-month inoculation of tumor cells (Fig. 6a). Immuno-
histochemistry for TRAF-6, p-p65, TNF-α, IL-6, IL-11,
MMP-1, MMP-2, MMP-9, MMP-13, RUNX2, BSP, and
OCN were also performed to investigate the biological fea-
tures of tumors in these samples. The results showed that TIB
cells expressed higher levels of TRAF-6, p-p65, TNF-α, IL-6,
IL-11, MMP-1, MMP-2, MMP-9, MMP-13, RUNX2, BSP,
and OCN than TOB cells, which were similar with those ob-
tained in tumor-caused spinal bone destruction samples. Here,
showed only are part of the results (Fig. 6b).

In vitro studies showed the paired TOB-TIB cell lines did not
present the same biological features detected in in vivo studies

HeLa-TOB cell line and its paired cell line HeLa-TIB cell line
were successfully generated from the corresponding tissues as
described in the “Materials and methods” section (Fig. 7a).
The HeLa-TOB and HeLa-TIB cells in mid-logarithmic
growth were subjected to real-time PCR, Western blot, and
immunocytochemistry. Real-time PCR results showed that
all the detected genes including IL-6, TNF-α, MMP-1,
MMP-2, MMP-9, MMP-13, RUNX2, and OCN were equally
expressed at mRNA level in HeLa-TOB cells and HeLa-TIB
cells (Fig. 7b). Western blot showed that HeLa-TOB cells and
HeLa-TIB cells equally expressed p-p65, t-p65, IL-6, MMP-
1, MMP-2, MMP-9, MMP-13, RUNX2, and BSP at protein
level (Fig. 7c). Immunocytochemistry further showed that the
HeLa-TOB cells and HeLa-TIB cells expressed same levels of

TRAF-6, p-p65, TNF-α, IL-6, IL-11, MMP-1, MMP-2,
MMP-9, MMP-13, RUNX2, BSP, and OCN in vitro (Fig. 8).

Influences of BM-CM on expression of the indicated targets
and mobility of WSU-HN6 in vitro

Real-time PCR results showed that at 24-h posttreatment, the
BM-CM could upregulate the expression of TNF-α, IL-6, and
MMP-9; downregulate TRAF-6, MMP-1, MMP-2, MMP-13,
BSP, and OCN expression; and could not affect RUNX2 ex-
pression in WSU-HN6 cells (Fig. 9a). Wound healing assay
result showed that the BM-CM could not affect the mobility of
WSU-HN6 cells (Fig. 9b). These results indicated that the BM
derived from healthy people played a totally different role
when compared with tumor-modified bone marrow.

Discussion

Immunohistochemistry has been widely used in clinic and
basic research since the early 1940s [9, 26]. At present, im-
munohistochemistry is considered an important laboratory ex-
amination method for doctors and researchers because it can
provide evidence to diagnose, classify, and determine the

Fig. 7 Generation of HeLa-TOB and HeLa-TIB cell line pair and
screening of the specific molecules expression with real-time PCR and
Western blot. a HeLa-TOB and HeLa-TIB cell lines were generated
successfully. b Real-time PCR and c Western blot results showed that
the detected genes were equally expressed at mRNA and protein levels
in HeLa-TOB and HeLa-TIB cells
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prognosis of primary and metastatic tumors [27–29]. Because
of this point, it is necessary to pay more attention to the eval-
uation of immunohistochemistry data in order to avoid any
bias conclusion.

It is well known that the different organs separate with each
other in the body and contain differently specific microenvi-
ronments. They do have some distinct environment in the
human body, for example, BMM, brain and spinal marrow
microenvironment, and these places are common sites of tu-
mor metastasis. Once tumor cells enter into different microen-
vironments through invasion and metastasis, they may present
specific phenotype owing to microenvironmental stimulation.
Normally, we consider the environment factor in cancer initi-
ation and development. The term “field cancerization” is used
to describe an area of epithelium preconditioned by unknown
processes, finally predisposed towards the development of
cancer [30–33]. It emphasizes the role of microenvironment
on the initiation and progression of tumor [33]. However,
when we use immunohistochemistry to explore the tumor es-
sential property and investigate the biomarker of cancer in
tumor specimens, especially in tiny clinical tumor samples,
the effect of microenvironment is usually neglected. We tend
to attribute all the properties reflected by the immunohisto-
chemistry directly to the nature of tumor and neglect that some

presented properties are not cancer essential features, but giv-
en by tumor surrounding microenvironment, thus maybe lead-
ing to an inaccurate conclusion.

In this study, we used three tumor cell lines to establish two
types of tumor-induced bone destruction models and investi-
gated the influence of BMM on the biological features of
tumor cells. Our HE and immunohistochemistry data of tumor
samples clearly showed that TIB cells were obviously distinct
from TOB cells not only in morphology but also in some
important biological features, which indicated the tremendous
influence of BMM on the features of tumor cells. However,
when we compared HeLa-TOB cell line with HeLa-TIB cell
line through real-time PCR, Western blot, and immunocyto-
chemistry, there was no markedly difference found as had
been found in tumor samples by immunohistochemistry. The-
se results mean that the TOB cells and TIB cells are same in
intrinsic and the different properties detected by immunohis-
tochemistry were caused by the different surrounding micro-
environments and did not represent the intrinsic differences
between TOB cells and TIB cells.

Given that the tumor immunophenotypes were markedly
changed by tumor-modified BMM, the question is raised that
whether the normal bonemarrow can alter the immunophenotypes
and mobility of tumor cells in vitro. Therefore, we obtained the

Fig. 8 Immunocytochemistry for
specific molecules of HeLa-TOB
and HeLa-TIB cells. The results
showed there was no obvious
difference between HeLa-TOB
and HeLa-TIB cell lines. a, b
Negative controls that used anti-
rabbit HRP-conjugated secondary
antibody and anti-mouse HRP-
conjugated secondary antibody,
respectively
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normal bone marrow from a healthy donor and used the
cell-removed BM-CM to treat WSU-HN6 cells. Surprising-
ly, the real-time PCR results showed that most of the exam-
ined molecules including TRAF-6, MMP-1, MMP-2,
MMP-13, BSP, and OCN were significantly downregulated
by BM-CM except TNF-α, IL-6, MMP-9, and RUNX2.
These results were different from the immunohistochemis-
try data of tumor samples. Furthermore, the wound healing
assay result showed that BM-CM treatment could not affect
the mobility of WSU-HN6 cells, which indicated that the
bone marrow derived from healthy people played almost a
totally different role when compared with tumor-modified
BMM. Our explanations are (1) normal bone marrow can
keep the balance between osteogenesis and osteoclastogen-
esis and maintain the homeostasis of bone marrow [13, 34].
(2) Once tumor cells invade the specific microenvironment,
the homeostasis of both bone and bone marrow will be
destroyed [34, 35]. Plenty of bioactive molecules embed-
ded in the bone tissue will be released into the bone marrow
when the bone is destructed [13, 34]. (3) Meanwhile, tumor
cells, as well as tumor-associated host cells, can secrete
numerous cytokines. The newly formed BMM is a tumor-
modified BMM rather than the intrinsic microenvironment,
which gives the acquired biological features of the invaded
tumor cells.

In fact, microenvironment has been mentioned in the stud-
ies regarding tumor hypoxia [36–38]. Tumor outgrows its

blood supply, thus yields hypoxic environment in the inner
of tumor tissue, which finally leading to alteration of metabo-
lism [39] as well as the corresponding biological features of
cancer cells [40–42]. So when tumor tissue comes from a
small tumor and tumor tissue comes from a big tumor were
compared with immunohistochemistry, if different properties
were found, we should deliberate that the differences can re-
flect the intrinsic differences of the tumors or just caused by
the different microenvironments (such as non-hypoxic and
hypoxic microenvironments).

The main aim of studying tumor biology is to look for the
characteristics of tumor in nature, so as to accurately diagnose
and effectively manage the tumor. Obviously, if the conclu-
sion we got were based on the immunohistochemistry data
described above, although the data are true, we may only get
the noise, which makes us far away from the truth of tumor in
essence. From this point of view, to accurately reflect the
characteristics of cancer, the microenvironment surrounding
the lesions should be taken into consideration in immunohis-
tochemistry analysis in the future, especially for samples orig-
inated from the significantly different microenvironment. On-
ly in this way can we approach to the intrinsic property of
tumor and effectively manage the disease in the future.

In conclusion, our results suggest that tumor-modified mi-
croenvironment can significantly alter the biological features
of tumor, which cannot be ignored in evaluating immunohis-
tochemistry results of tissue specimens.
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