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Abstract: Ki-67 expression is an important tool for distinguishing between malignant and benign tumors. It usually 
shows the nuclear staining. However, the cell membrane staining of MIB-1, which is one of the clones of Ki-67, in 
the hyalinizing trabecular adenoma of the thyroid gland and other tumors had also been reported. In our practice, 
we found that the 7B11 antibody could be immunoreactived with the adipose tissues inside or around tumors in the 
membrane. Thus, in this study, we determined if Ki-67 expression would be useful in recognizing the lipoblasts and 
adipocytes. The five clones of the Ki-67 antibody, namely, 7B11, K-2, SP5, MIB-1, and SP6 were selected. The adi-
pocytes showed strong 7B11 staining in the cell membrane. The brown fat cells were strongly immunoreactive with 
7B11 in the arachnoid layer of the cytoplasm. The adipocytes and brown fat cells showed positive, albeit weaker K-2 
staining in the cell membrane and cytoplasm, respectively, compared to 7B11. The adipose tissues and brown fat 
cells were non-reactive to clones SP5, MIB-1, and SP6. All adipocytes in the lipomas, angiolipomas, uterine lipoleio-
myomas, and angioleiomyolipomas showed diffusedly positive 7B11 and K-2 staining in the cell membrane, with 
stronger immunoreactivity to 7B11 compared with K-2. All hibernomas showed diffusedly cytoplasmic arachnoid 
staining of 7B11, but only focal to K-2. The lipoblasts in adipocytic tumors also showed positive 7B11 and K-2 stain-
ing; however, nearly all of the vacuolated lipoblasts showed strong 7B11 staining, only focal vacuolated lipoblasts 
in the adipocytic tumors were immunoreactive to K-2 positivity.  All other components of the adipocytic tumors were 
non-reactive to 7B11, K-2, SP5, MIB-1, and SP6 in the cell membrane and cytoplasm. Our results showed that the 
7B11 could well help to identify the lipoblasts, which would be useful to diagnose the malignant adipocytic tumors.
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Introduction

Adipocytic tumors represent the largest group 
of mesenchymal tumors, and liposarcomas are 
the single most common type of soft tissue sar-
coma. In sometimes, the liposarcomas can be 
difficult to distinguish between dedifferentiated 
liposarcoma, myxoid liposarcoma, and pleo-
morphic liposarcoma myxofibrosarcoma, carci-
noma, and other malignant tumors. Thus, 
immunochemistry has been a valuable tool to 
help differentiate various types of tumors. 
Specifically, S-100, CDK4, and MDM2 are 
immunohistochemical markers that are com-
monly used to differentiate liposarcomas from 
other malignant tumors [1]. However, these 
markers are not specific for the liposarcomas.

Ki-67 is a human nuclear protein that is present 
during all active phases of the cell cycle (G1, S, 
G2, and mitosis), but is absent from resting 
cells (G0) [2, 3]. Therefore, it is an excellent tool 
for measuring the growth fraction of cells in 
human tumors. Ki-67, which is associated with 
tumor malignancy, has been widely applied in 
the studies of proliferative activity in various 
neoplasms, including salivary cancer [4], breast 
carcinoma [5-7], serous tubal intraepithelial 
carcinoma [8], squamous intraepithelial neo-
plasia [9, 10], and goblet cell carcinoid [11].

Previously, the cell membrane or cytoplasmic 
MIB-1 staining has been successively described 
in sclerosing hemangioma of the lung [12], sali-
vary gland pleomorphic adenoma [13], and hya-
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linizing trabecular adenoma of the thyroid [14, 
15].

Recently, we found that the Ki-67 antibody 
(clone 7B11) was immunoreactive with normal 
white adipose tissues, which are located inside 
or around tumors in a membranous pattern; 
however, clone MIB-1 of the Ki-67 antibody was 
non-reactive with adipose tissue. Therefore, in 
this study, we used five clones of Ki-67 (7B11, 
K-2, SP5, SP6 and MIB-1) to immunostain nor-
mal adipose tissues and adipocytic tumors.

Materials and methods

Tissue samples

The following cases were retrieved from the 
Department of Pathology at the People’s 
Liberation Army 152 Hospital and Yexian 
People’s Hospital (Henan, China) between 
2000 and 2013: three cases of hibernomas, 
35 cases of lipomas, 25 cases of angiolipo-

mas, 10 cases of uterine lipoleiomyomas, 35 
cases of atypical lipomatous tumors/well-dif-
ferentiated liposarcomas, five cases of dedif-
ferentiated liposarcomas, 12 cases of myxoid 
liposarcomas, seven cases of pleomorphic lipo-
sarcomas and four cases of mixed-type liposar-
comas. Normal tissues were obtained from the 
People’s Liberation Army 152 Hospital, and 
included the appendix (Figure 1A), skin, parotid 
gland (Figure 1D), gastrointestinal tract, vocal 
cord, breast, and brown fat tissues (Figure 1G).

All specimens were fixed in 10% neutral buff-
ered formalin, dehydrated through graded alco-
hol solutions, embedded in paraffin, cut into 
4-μm-thick sections for hematoxylin and eosin 
(H & E) staining, and visualized by light micro- 
scopy.

Immunohistochemistry

Immunohistochemical staining was performed 
on formalin-fixed, paraffin-embedded tissue 

Figure 1. Immunostaining of normal adipose tissues with Ki-67 antibodies, clones 7B11 and K-2. A, D, G. H & E 
staining of normal appendix, parotid gland, and brown adipose tissues. B, E, H. Strong cytoplasmic staining of 7B11 
in the adipocytes of the appendix, parotid gland, and brown adipose tissues. C, F, I. Weak cytoplasmic staining of 
K-2 in adipocytes of the appendix, parotid gland, and brown adipose tissues.
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sections using the EnVision method. The pri-
mary Ki-67 antibodies used included five differ-
ent clones; namely, 7B11, MIB-1, and SP6 from 
Shanghai Haojie Biological Technology Co. Ltd 
(Shanghai, China), and SP5 and K-2 from Beijing 
ZhongShan Golden Bridge Biological Techno- 
logy Co. Ltd (Beijing, China). For 7B11, SP5, 
MIB-1, and SP6 antibody clones tested, antigen 
retrieval was based on three 5-minute passag-
es in microwave oven at 750 W in 10 mM citrate 
buffer solution at pH 6.0. For K-2 antibody 
clone, antigen retrival was based on three 
5-minute passages in microwave oven at 750 
W in 10 mM EDTA solution at pH 9.0. The extent 
of Cytoplasmic and cell membrane staining 
was graded as follows: negative (0% to < 5%), 
focal (5% to 50%), and diffuse (> 50% to 100%).

Results 

Differential immunoreactivity of Ki-67 antibod-
ies in adipocytes

The Ki-67 antibody (clone 7B11) was immuore-
active with adipose tissues in the membrane in 
the appendix (Figure 1B), subcutis, parotid 
gland (Figure 1E), vocal cord, breast, and brown 
adipocytes (Figure 1H) in the neck area. The 
brown adipocytes were immunoreactive with 
7B11, and showed a strong arachnoid staining 
pattern in the cytoplasm (Figure 1C). Adipose 
tissues and brown fat cells showed positive K-2 
staining in the cell membrane and cytoplasm; 
however, the signal was weaker compared to 

staining with clone 7B11 (Figure 1F, 1I) (Tables 
1, 2). There was no immnoreactivity in adipose 
tissues and brown fat cells with clones SP5, 
MIB-1, and SP6 (Table 1).

Differential immunoreactivity of Ki-67 antibod-
ies in some adipocytic tumors

All adipocytes in the lipomas, angiolipomas, 
uterine lipoleiomyomas, angioleiomyolipomas, 
and lipomatosis of nerves showed positive 
7B11 and K-2 staining in the cell membrane; 
however staining was stronger with clone 7B11 
than K-2. All hibernomas showed cytoplasmic 
arachnoid staining with 7B11, but only focal 
and weak to K-2 (Tables 1, 2). 

The lipoblasts in adipocytic tumors showed 
positive staining with 7B11 and K-2 (Figure 
2A-F); however, nearly all vacuolated lipoblasts 
were strongly immunoreactive to 7B11, only 
focal were immunoreactive to clone K-2 (Figure 
2B, 2C).

All other components of the adipocytic tumors 
were non-reactive to 7B11 and K-2 in the cell 
membrane and cytoplasm. In addition, adipo-
cytic tumors were non-reactive to clones SP5, 
MIB-1, and SP6.

Discussion

Ki-67 is a large (~350 kDa) cell-cycle associat-
ed non-histone protein that is strictly associat-

Table 1. Different clones of Ki-67 expression in the normal adipose tissues and adipocytic tumors
7B11 K-2 SP5 MIB-1 SP6

The normal white adipose cells + + - - -
The normal brown fat cells + + - - -
The adipocytes in benign adipocytic tumors + + - - -
The hibernoma + + - - -
The the vacuolated lipoblasts in liposarcomas + + - - -

Table 2. Comparison the extent and intensity of 7B11 and K-2 expression in the normal adipose tis-
sues and adipocytic tumors

7B11 K-2
Extent Intensity Extent Intensity

The normal white adipose cells Diffuse Strong Moderate diffuse
The normal brown fat cells Diffuse Strong Moderate diffuse
The adipocytes in benign adipocytic tumors Diffuse Strong Mild diffuse
The hibernoma Diffuse Strong Weak focal
The vacuolated lipoblasts in liposarcomas Diffuse Strong Moderate focal
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ed with, and is apparently required for, cell pro-
liferation [2, 3]. It is present during all active 
phases of the cell cycle (G1, S, G2, mitosis), but 
is absent from resting cells (G0) [3]. A correla-
tion has been demonstrated between Ki-67 
index and the histopathological grade of neo-

plasms [4-8]. The assessment of Ki-67 expres-
sion in renal and ureter tumors showed a cor-
relation between tumor proliferation and dis-
ease progression, thus making it possible to 
differentiate high-risk patients [11, 16]. There- 
fore, Ki-67 expression may also prove to be 

Figure 2. Immunostaining of myxoid/round cell liposarcoma and pleomorphic liposarcoma with 7B11 and K-2. A, D. 
H & E staining of myxoid/round cell liposarcoma and pleomorphic liposarcoma. B, C. Membranous 7B11 and K-2 
staining in the lipoblasts of myxoid/round cell liposarcoma. K-2-positive cell numbers were lower than 7B11-positive 
cell numbers. E. Cytoplasmic and membranous staining of 7B11 in pleomorphic liposarcoma. F. Immunoreactivity 
of 7B11 in lipoblasts at different stages. Red arrow indicates early-stage lipoblasts, green arrow indicates mid-stage 
lipoblasts, blue arrow indicates late-stage lipoblasts.
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important for distinguishing between malignant 
and benign tumors.

Cytoplasmic or cell membrane immunostaining 
with MIB-1 antibody in sarcomatous pleural 
mesothelioma, sclerosing hemangioma of the 
lung [12], salivary gland pleomorphic adenoma 
[13], hyalinizing trabecular adenoma of the thy-
roid [14, 15], renal oncocytoma [17], and inva-
sive breast carcinomas [17].

In our practice, we found that Ki-67 antibody 
(clone 7B11) was immunoreactive with adipose 
tissues, which are located inside or around 
tumors; however, clone MIB-1 was non-reactive 
with adipose tissue. To verify the diagnostic 
role of Ki67 membrane pattern, we selected 
the different clones of the Ki-67 to stain the 
adipose tissues and the adipose tumors.

Our results indicated that white adipose tis-
sues in the skin, breast, parotid gland, vocal 
cord, submucosa, and serosa of the gastroin-
testinal tract and vocal cords showed strong 
and diffusedly membranous immunoreactivity 
for 7B11. Brown fat tissues showed strong and 
diffusedly membranous and cytoplasmic immu-
noreactvity for 7B11 in a silk screen pattern. 
K-2 also immunoreacted with normal adipose 
tissues in a similar pattern as 7B11; however, 
the extent and intensity of immunostaining 
were less than that of 7B11. Clones SP5, MIB-
1, SP6 were non-reactive with normal adipose 
tissues in both the membrane and cytoplasm. 
The normal gland tissue was non-reactive with 
7B11, SP6, SP5, MIB-1, and K-2 in the mem-
brane and cytoplasm. These results indicate 
that 7B11 and K-2 can be used to differentiate 
adipocytes from the sebaceous gland, eccrine 
sweat gland, apocrine glands, terminal tubular 
glands of the gastrointestinal tract, and termi-
nal duct-lobular unit.

We also found that the 7B11 and K-2 antibod-
ies were immunoreactive with adipocytes in 
lipomas, angiolipomas, uterine lipoleiomyo-
mas, angioleiomyolipomas, and lipomatosis of 
nerves in a membranous pattern. The adipo-
cytes in the atypical lipomatous tumors/well 
differentiated liposarcomas were also positive 
for the 7B11 and K-2. Most importantly, lipo-
blasts were immunoreactive with 7B11 and K-2 
in the membrane and cytoplasm, but were non-
reactive to SP5, SP6, and MIB-1. However, the 
number of cells that expressed the 7B11 was 
more than that expressed the K-2. The data 

from this study show that 7B11 and K-2 is a 
useful marker to detect the lipoblasts in the 
liposarcomas.

The mechanism underlying the 7B11 and K-2 
cytoplasmic and membranous staining pattern 
in adipocytes and lipoblasts remains unclear. 
Some deemed that the transmigration of Ki-67 
antigen from the nucleus to cytoplasm and cell 
membrane is impossible, so cell membrane 
expression of MIB-1 is an artifact [18]. But 
someone had the converse viewpoint. Jose′ A. 
Ortiz-Rey, et al found that this staining pattern 
did not depend on the visualization system, not 
related to a specific type of breast carcinoma or 
to apocrine differentiation, and positive cases 
were not correlative [19]. So they presumed 
that the staining is not am artifact and it 
depends on a cross reactivity of antibody with 
another epitope [19]. In our study, although, the 
heat retrieval was carried out on the 7B11, the 
antigen retrieval for K-2 was EDTA. So our 
results would be not relate to the antigen 
retrieval and we presume that 7B11 and K-2 
expression in the cytoplasmic and membra-
nous staining pattern in adipocytes and lipo-
blasts is not artifact, but a cross reactivity of 
7B11 and K-2 to the unknown antigenic deter-
minant in the membrane and cytoplasm.
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