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Mammaglobin may be a potential serum biomarker for the diﬀerential diagnosis of breast cancer. 260 serum samples were
collected from 127 untreated breast cancer patients and 133 healthy volunteers to analyze the sera expression of mammaglobin
and its implications for both. The expression vector of pGEX-4T-2-Mammaglobin and pBVIL1-Mammaglobin were constructed
and transformed into E.coli.HB101 for expression. The mice were immunized with the puriﬁed recombinant protein to prepare
monoclonal antibody and to detect by ELISA the serum of normal people and breast cancer patients. Recombinant mammaglobin
antigen was eﬀectively expressed in E.coli. Two hybridoma cell lines were obtained after the mice were immunized by pGEX-4T-2mammaglobin. 133 cases of normal serum and 127 cases of breast cancer serum were analyzed by ELISA. The sera expression level
of mammaglobin in breast cancer group (average OD value 0.645±0.223) was signiﬁcantly (p<0.001) higher than that in the normal
control group (0.255±0.109). Mammaglobin has a higher expression in the serum of breast cancer patients than normal control. The
primary results indicate that mammaglobin may be a potential serum biomarker for the diﬀerential diagnosis of breast cancer.
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Mammaglobin (MGA) is also called human mammaglobin
(hMAM), a 93 amino acid tissue-speciﬁc protein connected with
the growth of mammary gland epithelium, which was cloned by
Watson and Flemingin 1996 [1]. It has been reported that the
mRNA of mammaglobin can be detected by RT-PCR in peripheral blood [2,3,4] Fanger et al. conﬁrmed that mammaglobin in
the serum produced by breast cancer cells could be detected by
ELISA [5]. So far, only a few studies of the serologic detection
of mammaglobin were reported. Therefore, its eﬃciency in the
diagnosis to breast cancer needs to be further evaluated.
In this study, we received mammaglobin recombinated
antigen by cloning expression and prepared the monoantibody of mammaglobin. Finally, A new method of ELISA to
detect mammaglobin in the serum of breast cancer patients
and normal people was established, which may be beneﬁcial
for the serological diagnosis of breast cancer.
Materials and methods
Materials.Serum sample preparation. This study was
approved by the ethics committee of our hospital. 260 serum

samples were collected and stored at -80ºC immediately after
centrifugation of 3ml blood from 127 patients of untreated
breast cancer and 133 healthy volunteers. Specimens were
provided by Department of General Surgery, 307 Hospital,
Beijing, China.
Clone and expression. Prokaryotic fusion expression
vector pBVIL was constructed in Institute of Basic Medical
Science, Academy of Military Medical Sciences, China. The
vector Pgex-4T-2 and E.coli HB101 were stored in the laboratory. The main reagents were used in this study including T4
DNA ligase (Promega), T4 DNA polymerase, DNA restriction
enzymes, Tryptone, yeast extract, and PCR Product Puriﬁcation Kit (Sanbo Bioengineering Ltd, Beijing, China).
Monoclonal antibody preparation. Recombination
antigen vector pBVIL-mammaglobin and Pgex-4T-2-mammaglobin were prepared in the section of clone and expression,
and the mouse myeloma cell series SP2/0 was provided by Institute of Basic Medical Science, Academy of Military Medical
Sciences, China. Female BALB/c mice (8 weeks) was supplied
by the Center of Experimental Animal, Academy of Military
Medical Sciences, China.
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ELISA reagent. Sulfo-NHS-LC-Biotin (Pierce Ltd), strepa1
2
3
4
5
6
7
8
vidin (Promega), HRP, BSA, TMB (Sigma) were used in this
study.
Methods Selection of mammaglobin epitope. It has been
reported that mammaglobin is constructed with 93 amino acid
[5,6] and 8-93 is the active sequence of the protein through
the analysis of BioSun [7].
Synthesis of the gene of mammaglobin epitope. The
sequence coding epitope was decided based on the sequence
of the amino acid of the selected epitope and the optimized
codon used in E. coli. The sequence was synthesized by PCR
and the primers are as follows.
F 1 TGGTTGTCCACTGCTGGAAAACGTGATCTCCAAGACCATC;
R 1 CTC C GTCT TC GACACT TGTGGAT TGATFigure
1. The
result
PCR for mammaglobin
gene ampliﬁcation
Fig 1. The
result
of PCR
forofmammaglobin
gene amplification
(2%agarose)
GGTCTTGGAGATC
(2%agarose) 1, F1/R1; 2, F2/R2; 3, F3/R3; 4, DL2000; 5, F(1)/R(1); 6, F(2)/
1, F1/R1 2, F2/R2 3, F3/R3 4, DL2000 5, F(1)/R(1) 6, F(2)/R(2) 7, F(3)/R(3) 8, F1/R(3) Full len
F 2 GAGCCAGCATTGCTATGCTGGCTCTGGTT- R(2); 7, F(3)/R(3); 8, F1/R(3) Full length of target gene
target
gene
GTCCACTGCTG
R 2 GAACTCCTGCAGGAGT TCCT TGTACTC CGTCTTCGACACT
by expression
Sephardex G-50
resistant
Finally,
the ﬁrst
The construction
and solvent
purification
of column.
the vector
of Mammaglobin.
We c
F 3 GC CTCGAGATGTTAGCTGCCCTGAGCCAG- peak was recorded.
vector PGEX-4T-2 and Preparation
pBVIL1 to link
the target gene.
To avoid
cross-reaction we constru
CATTGCTAT
of monoclonal
antibody.
Mammaglobin
vector pGEX-4T-2/ Mammaglobin
pBVIL1/Mammaglobin.The
target gene was respect
R 3 GGTAGTTGCGTTGTCATCGATGAACTCCTrecombination and
antigen
(50µg per mouse) was administrated
GCAGGAGT
3rd adminisby the
back and peritoneal
injection.
The 2nd andwere
inserted into the vector
PGEX-4T-2
and the vector
pBVIL1.Both
effectively expresse
F (1) TGAAGGAATGCTTCCTGAACCAGACAGATGA- tration was given at 4 and 8 weeks, respectively. The myeloma
E.coli. The protein of pGEX-4T-2-Mammaglobin was 33KD. The protein
GACGCTGAG
cells and spleen cells were fused at a ratio of 1:10. The maspBVIL1-Mammaglobin
wasclone
26KD.
resultsusing
of sequencing
showed
R (1) A AC T G C AT G A AC AC C T C G
AC G T T G C T- culine
wasThe
selected
indirect ELISA
andthat
thenthe
theinsert was cor
CAGCGTCTCATCTG
clone
was
stored.
The
hydrogaster
was
used
to
prepare
mouse
(Fig.2, 3)
F (2) CAACTACCAACGCGATCGACGAGCTGAAG- monoclonal antibody.
GAATGCTTCCT
Stable ELISA method. We coated the two monoclonal
R (2) TCGCACAGGGAGCTGTCATAGATTAACT- antibodies with diﬀerent concentrations, marked the two Abs
GCATGAACACCT
with biotin, performed cross combination, and then selected
F (3) T T C A T C G A T G A C A A C G C A A C T A C - the best group. The coated antibody was diluted with carbonate
CAACGCGAT
to diﬀerent concentrations of 20, 10, 5, 2.5 (μg/ml). The biotin
R (3) GC TCTAGAT TAGAACAGGTC GCACAG- labeled antibody was diluted 500, 1000, 2000, 4000, 8000 times.
GGAGCTGT
Then, the ODs values of the antibody were measured by using
All the primers were synthesized by Sanbo bioengineering UV spectrophotometer.
Ltd and sequenced by Lijiafucheng Ltd.
Statistical analysis. The data of ODs were analyzed by rank
Expression vector construction and target protein expres- sun test, and the data in the subsets were analyzed by t-test.
sion . All the steps refer to «Experiment Guide of Molecular
Cloning». The condition of PCR is as follows: denaturing at Results
95°C for 1min, annealing at 58 °C for 1min, then extension at
72 °C for 1min, and then performing 30 cycles of denaturingTarget gene. The amino acid sequence of the Mammaglobin
2. SDS-PAGE: The expression and purification of pGEX-4T-2-Mammaglobin
annealing-extension, ﬁnally extension at 72°C forFig
5mins.
was analyzed with BioSun and the result showed that the pepcolony; M: protein
MAG:acid
the protein
of pGEX-4T-2-Mammaglobin
tide ofmarker;
8-93 amino
was the
epitope .The target gene from
was NO.9)
Antigen puriﬁcation. After expression in the(1-9:
engineered
bacteria, mammaglobin in the inclusion body was released by too long to obtaine by one PCR. Thus, we used Fusion PCR
ultrasound and then dissolved in 8mol/L Urea. The negative to get the complete gene with enzyme cutting site of XhoI
laminar analysis was performed using Sepharose FF anion and XbaI. (Fig.1)
The construction expression and puriﬁcation of the vector
exchange column (Balance solution: PH8.0 0.20mmo/L TE
including 6mol/L urea, 0.1% beta-ME). Then, the solution of Mammaglobin. We chose vector PGEX-4T-2 and pBVIL1
of nonbeing peak was collected. Q-Sepharose FF cationic to link the target gene. To avoid cross-reaction we constructed
exchange column was used for puriﬁcation and NaCl solu- vector pGEX-4T-2/ Mammaglobin and pBVIL1/Mammations of gradient concentration (prepared with the balance globin.The target gene was respectively inserted into the vector
solution) were used for elution. The solution of the eluting PGEX-4T-2 and the vector pBVIL1.Both were eﬀectively expeak was collected and tested by SDS-PAGE, and then desalted pressed in E.coli. The protein of pGEX-4T-2-Mammaglobin
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vector PGEX-4T-2 and pBVIL1 to link the target gene. To avoid cross-reaction we constructed
vector pGEX-4T-2/ Mammaglobin and pBVIL1/Mammaglobin.The target gene was respectively
inserted into the vector PGEX-4T-2 and the vector pBVIL1.Both were effectively expressed in
E.coli. The protein of pGEX-4T-2-Mammaglobin was 33KD. The protein of
pBVIL1-Mammaglobin
was
26KD. J.The
results
sequencing
showed
that
insert
wasC. correct.
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Figure 2. SDS-PAGE: The expression and puriﬁcation of pGEX-4T-2-Mammaglobin
(1-9: colony; M: protein Fig
marker;
the protein
of expression
pGEX-4T-2-Mammaglobin
fromofNO.9)
2. MAG:
SDS-PAGE:
The
and purification
pGEX-4T-2-Mammaglobin

(1-9: colony; M: protein marker; MAG: the protein of pGEX-4T-2-Mammaglobin from NO.9)

was 33KD. The protein of pBVIL1-Mammaglobin was 26KD.
The level of mammaglobin expressed in the serum of
The results of sequencing showed that the insert was correct. normal people and breast cancer patients. The result showed
(Fig.2, 3)
that the level of mammaglobin expressed in the serum of breast
3. patients
SDS-PAGE:
the(OD
expression
purificationwas
of pBVIL1
Preparation of mouse antibody to mammaglobinAfter Fig
cancer
group
average:and
0.645±0.223)
signiﬁ- Mammagl
in normal
people group
(OD purification,
average:0.2551,marker; 2,
the laminar analysis, the two proteins which expressed
by 1-4cant
( A:
andhigher
6, than
colony;
5, Marker;
B: After
pGEX-4T-2/ Mammaglobin and pBVIL1/Mammaglobin were ±0.109), P=0.0001. (Fig.5)
pBVIL1-Mammaglobin from colony 6)
Relationship of mammaglobin expression level in the
electrophoretically pure, and their purity exceeded 95%of the
total protein. We used the two proteins to immunize the mouse serum with clinical parameter. The subset result showed that
there were
the statistical
between mammarespectively and utilize ELISA to get the positive clone after
Preparation
ofnot
mouse
antibodysigniﬁcance
to mammaglobinAfter
the laminar an
cell fusion: The two proteins were coating to plate respectively globin expression level in the serum of breast cancer patients
proteins which
expressed
by pGEX-4T-2/
and pBVIL1/Mamm
and the
age of patient,
the size of theMammaglobin
tumor, clinical stage,
the
to select the fusion cell. The cells from the mouse immunized
electrophoretically
and their
purity
exceeded
95%of
the total protein. W
of axillary
lymph
nodes
and the ER
status.(Tab1).
by pBVIL1/ Mammaglobin were low activity .From the
other metastasispure,
group we obtained two high activity cells, named 1E12
and to immunize the mouse respectively and utilize ELISA to get the posit
proteins
4B11.The hypotype veriﬁcation showed that the two stable
cell fusion:Discussion
The two proteins were coating to plate respectively to select the fu
cells all secreted IgG3. (Fig.4)
cells
from
the
mouse immunized by pBVIL1/ Mammaglobin were low activ
Serological analysis. The monoclonal antibody , secreted
The
of mammaglobin
was named
ﬁrst utilized
in and 4B11.
by 4B11 and 1E12 coating the plate and labeling biotin
reother group we tissue-speciﬁcity
obtained two high
activity cells,
1E12
spectively , was used to detect the serum of normal people and the study of axillary node micrometastasis. The mRNA detecverification showed that the two stable cells all secreted IgG3. (Fig.4)
breast cancer patients by ELISA.

Fig 3.
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ofofpBVIL1
Mammaglobin
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1-4 and 6,(A: 1-4
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B:After
After
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2, result
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result
ofofthe monoclonal
1E12,
Fig
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the monoclonal
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1,marker;
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protein of pBVIL1-Mammaglobin from colony 6)
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from colony 6)

4B11 (SDS-PAGE)

Serological analysis. The monoclonal antibody , secreted by 4B11 and 1E1
plate
labeling
biotin respectively
, was used to detect the serum of normal peo
reparation of mouse antibody to mammaglobinAfter
theand
laminar
analysis,
the two
cancer
patients by ELISA. were
s which expressed by pGEX-4T-2/ Mammaglobin and
pBVIL1/Mammaglobin
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Fig 5. The mammaglobin expressed in the serum of breast cancer patients and normal people
Table 1. Relationship of mammaglobin expression level in serum with the age of patient, the size of the tumor, clinical stage, the metastasis of axillary
lymph nodes and the status of the ER
group
≤50
>50
≤ 2cm
Tumor size
>2cm
I – II stage
clinical stage
III-IV stage
metastasis of axllary positive
nodes
negative
positive
ER
negative

age

NO.

average

S.D

maximal value

minimum value

median

p value

59
68
52
74
88
38
56
70
78
41

0.652
0.639
0.681
0.620
0.642
0.664
0.684
0.614
0.648
0.643

0.230
0.219
0.180
0.247
0.218
0.234
0.225
0.218
0.216
0.249

1.456
1.587
1.456
1.587
1.456
1.587
1.587
0.949
1.456
1.587

0.081
0.091
0.308
0.081
0.081
0.142
0.165
0.081
0.081
0.082

0.667
0.644
0.675
0.646
0.664
0.670
0.669
0.648
0.659
0.672

0.765

tion of mammaglobin by RT-PCR can elevate the percentage
of the diagnosis for micrometastasis of axillary or sentinel
lymph node [8,9,10]. Using RT-PCR to test the mRNA of
mammaglobin and CK-19 have been validated by FDA for
biopsy of sentinel lymph node in operation [11,12] Many
other studies also showed that RT-PCR can test mRNA of
mammaglobin in breast cancer patients’ blood, which had
great sensitivity to micrometastasis of breast cancer cell in
blood vessel [3,4,5,6].
An ideal marker in the blood for detection of breast cancer should have the sensitivity and also be simple and fast.
To detect mammaglobin, the ELISA may be the good way
for the diagnosis of breast cancer. Fanger et al. proved that
using the method of ELISA could detect the mammaglobin
protein[5]. They detected the mammaglobin in the ﬂuid
of two mammary cancer cells using the western blot and
then ELISA to test the mammaglobin in the serum of breast
cancer patient and normal people. Their result showed that
the concentration of mammaglobin in the serum of breast
cancer patients is 0.07-9.6ng/ml,which is signiﬁcant higher
than the concentration of mammaglobin(0-0.07ng/ml) in
the serum of normal people.

0.126
0.528
0.0798
0.909

We got the gene of mammaglobin by PCR and constructed
two prokaryotic vectors to avoid cross-reaction and got high
yield of protein in E.coli. Getting monoclonal antibody by using the protein expressed of the two vectors, we established the
method of ELISA to detect mammaglobin protein in the serum.
We detected 260 cases, 127 breast cancer patients and 133 normal people, the result showed that the level of mammaglobin
expressed in the serum of breast cancer patients group(OD
average: 0.645±0.223) is signiﬁcant higher than normal people group(OD average:0.255 ±0.109), P=0.0001. The results
showed that the expression lever of mammaglobin in serum
may be useful for the diﬀerential diagnose of breast cancer.
However,we failed to ﬁnd the serum expression of mammaglobin has the relation with the prognosis of breast cancer.
Fanger GR et al’s research showed that the mammaglobin is
scarcely expressed in the serum of normal people[5]; the concentration was 0-0.07ng/ml. In our study, the mammaglobin
level was low in healthy people, although the OD value of 5
cases of 133 healthy people were close to the average OD value
of breast cancer patients. Bernstein JL et al. [6] also found that
the ELISA was highly sensitive and speciﬁc for detection of
mammaglobin protein in tissue culture ﬂuids of breast cancer
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cells and sera of breast cancer patients. Zehentner BK et al. [13]
had similar report, they found that Circulating mammaglobin
protein was detected in 68% of the breast cancer sera, and was
increased in 38% in comparison with a mixed control population. The RT-PCR assay and the ELISA for mammaglobin
produced a combined sensitivity of 84% and speciﬁcity of
97%. In some healthy people a high level of mammaglobin is
detected, which may lead to false suspicion of breast cancer.
The reason is still unknown. As so far, there were few reports
of serum mammaglobin detection as a breast cancer marker by
ELISA. More researches are needed to determine the stability
of the antibody and the sensitivity of the method.
In this study, we established a method to detect mammaglobin protein in the serum by ELISA. Using this method, the
expression of mammaglobin in the serum of breast cancer
patients and normal people were analyzed. The primary results
indicate that this biomarker may be useful for the identiﬁcation of breast cancer.
Acknowledgement: This study was supported by Beijing Municipal Science & Technology Commission, Breast Cancer foundation
H020220140190.. Mrs. Xiaoguo Song and Guohua Wang in the Institute of Basic Medical Sciences, Academy of Military Medical Sciences,
gave us a lot of help on the gene cloning and serum measurement.
And my colleagues contributed a lot on clinical material and blood
samples collection

References
[1]
[2]

[3]

[4]

WATSON MA, FLEMNG TP. Mammaglobin,a mammary-speciﬁc member of the uteroglobin gene family, is overexpressed
in human breast cancer. Cancer Res. 1996;56(4):860-65.
GRUNEWALD K, HAUN M, URBANEK M, FIEGL M,
MULLER-HOLZNER E, et al. Mammaglobin gene expression: a superior marker of breast cancer cells in peripheral
blood in comparison to epidermal-growth-factor receptor and
cytokeratin-19. Lab Inves. 2000;80(7):1071-077. doi:10.1038/
labinvest.3780112
ZACH O, KASPARU H, WAGNER H, KRIEGER O, LUTZ D.
Detection of mammaglobin mRNA as a marker for circulating
tumor cells in breast carcinoma. Acta Med Austriaca Suppl.
2000;52:13-5.
RONCELLA S, FERRO P, BACIGALUPO B, PRONZATO P,
TOGNONI A, et al. Human mammaglobin mRNA is a reliable

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

molecular marker for detecting occult breast cancer cells in
peripheral blood. J Exp Clin Cancer Res. 2005;24(2):265-71.
FANGER GR, HOUGHTON RL, RETTER MW, HENDRICKSON RC, BBBCOOK J, et al. Detection of mammaglobin in the
sera of patients with breast cancer. Tumor Biol. 2002;23(4):21221. doi:10.1159/000067251
BERNSTEIN JL, GODBOLD JH, RAPTIS G, WATSON
MA, LEVINSON B, et al. Identiﬁcation of mammaglobin
as a novel serum marker for breast cancer. Clin Cancer Res.
2005;11(18):6528-535. doi:10.1158/1078-0432.CCR-050415
LI WJ, YING XM, BIOSUN. A software system for computeraided design for molecular biology experiments. Bulletin Of
The Academy Of Military Medical Sciences, 2004;28(5):40104.
MIN CJ, TAFRA L, VERBANAC KM. Identiﬁcation of superior markers for polymerase chain reaction detection of
breast cancer metastases in sentinel lymph nodes. Cancer Res.
1998;58(20):4581-584.
OUELLETTE RJ, RICHARD D, MAICAS E. RT-PCR for mammaglobin genes, MGB1 and MGB2, identiﬁes breast cancer
micrometastases in sentinel lymph nodes. Am J Clin Pathol.
2004;121(5):637-43. doi:10.1309/MMACTXT55L8QTKC1
TAFE LJ, SCHWAB MC, LEFFERTS JA, WELLS WA, TSONGALIS GJ. A validation study of a new molecular diagnostic
assay: The Dartmouth-Hitchcock Medical Center experience
with the GeneSearch BLN assay in breast sentinel lymph
nodes. Exp Mol Pathol. 2009 Oct 17. [Epub ahead of print]
MANDEL RE, GOYAL A, DOUGLAS-JONES A, WOODS
V, GOYAL S, et al. Detection of breast cancer metastasis in
sentinel lymph nodes using intra-operative real time GeneSearch BLN Assay in the operating room: results of the
Cardiﬀ study. Breast Cancer Res Treat. 2009;115(3):595-600.
doi:10.1007/s10549-008-0155-6
IGNATIADIS M, KALLERGI G, NTOULIA M, PERRAKI
M, APOSTOLAKI S,et al. Prognostic value of the molecular
detection of circulating tumor cells using a multimarker
reverse transcription-PCR assay for cytokeratin 19, mammaglobin A, and HER2 in early breast cancer. Clin Cancer Res.
2008;14(9):2593-600. doi:10.1158/1078-0432.CCR-07-4758
ZEHENTNER BK, PERSING DH, DEME A, TOURE P,
HAWES SE, et al. Mammaglobin as a Novel Breast Cancer
Biomarker: Multigene Reverse Transcription-PCR Assay
and Sandwich ELISA. Clin Chem. 2004;50(11):2069-076.
doi:10.1373/clinchem.2004.038687

