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Abstract

Human cytomegalovirus glycoprotein B (gB) represents a target for diagnosis and treatment in view of the role it plays in virus entry and 
spread. Nevertheless, to our knowledge, rare detection of a gB antigen has been reported in transplant patients and limited information 
is available about diagnostic gB monoclonal antibodies (mAbs). Our aim was to develop gB mAbs with diagnostic potential. Hydrophilic 
gB peptides (ST: amino acids 27-40, SH: amino acids 81-94) of favorable immunogenicity were synthesized and used to immunize 
BALB/c mice. Two mAbs, named ZJU-FH6 and ZJU-FE6, were generated by the hybridoma technique and limited serial dilution and 
then characterized by indirect ELISA, Western blotting, immunoprecipitation, and immunohistochemical staining. The mAbs displayed 
high titers of specific binding affinities for the ST and SH synthetic peptides at an mAb dilution of 1:60,000 and 1:240,000, respectively. 
Western blotting and immunoprecipitation indicated that these mAbs recognized both denatured and native gB of the Towne and AD169 
strains. The mAbs, when used as the primary antibody, showed positive staining in cells infected with both Towne and AD169 strains. 
The mAbs were then tested on patients submitted to allogeneic hematopoietic stem cell transplantation. The gB antigen positivity rates 
of the patients tested using ZJU-FH6 and ZJU-FE6 were 62.0 and 63.0%, respectively. The gB antigen showed a significant correla-
tion with the level of pp65 antigen in peripheral blood leukocytes. In conclusion, two potential diagnostic gB mAbs were developed and 
were shown to be capable of recognizing gB in peripheral blood leukocytes in a reliable manner.
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Human cytomegalovirus (HCMV), which belongs to the 
subfamily Betaherpesvirinae, continues to be an important 
pathogen in immunocompromised individuals (1) despite a 
decrease in the morbidity and mortality of post-transplant 
HCMV disease with routine antiretroviral therapy. 

Glycoprotein B (gB), one of the most important envelope 
glycoproteins of HCMV, is implicated in virus entry, cell-to-
cell spread (2), and the fusion of infected cells (3). Therefore, 
detecting gB antigen in patients with HCMV infection may 
facilitate the monitoring of the infection. Nevertheless, to our 
knowledge, rare detection of a gB antigen has been reported 
in transplant patients. In long-standing past research, gB 
has been demonstrated to be a significant target for both 
humoral and cellular immune responses (4-6). Antibodies 
against gB have been of interest because of their thera-

peutic potential for neutralization (7,8). However, limited 
information is available about the diagnostic potential of 
gB monoclonal antibodies (mAbs).

In this study, two potential diagnostic mAbs to gB were 
generated. The HCMV strains Towne and AD169 were used 
to analyze the specificity of the mAbs prepared. Specimens 
from patients submitted to allogeneic hematopoietic stem 
cell transplantation (allo-HSCT) were used to demonstrate 
the diagnostic efficacy of the mAbs.

Material and Methods

Animals
BALB/c mice (6-8 weeks old) were purchased from 

the Shanghai Laboratory Animal Center of the Chinese 
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Academy of Sciences (Shanghai, China) and housed under 
pathogen-free conditions. All experiments were conducted 
according to guidelines of the Animal Ethics Committee of 
Zhejiang University. 

Peptides
Hydrophilic sequences of favorable immunogenicity 

containing 14 amino acids of HCMV gB were screened. 
Peptides (HuaAn Biotechnology Co., China) ST (amino 
acids 27-40 of the Towne strain gB: STRGTSATHSHHSS, 
GenBank accession No. M60929), and SH (amino acids 
81-94 of the AD169 strain gB: SHATSSTHNGSHTS, 
GenBank accession No. X04606) were synthesized and 
partly cross-linked with keyhole limpet hemocyanin (KLH) 
to enhance their immunogenicity. The molecular masses 
of the peptides were 3998.2 and 1513.5 Da, respectively, 
and their purity was 95.1 and 90.3%, respectively.

Cell culture and lysate preparation
MRC-5 cells (American Type Culture Collection, USA) 

were cultured to confluence, and then scraped and lysed at 
4°C for 40 min with cell lysis buffer (Cell Signaling Technol-
ogy, USA) containing 20 mM Tris-HCl, pH 7.5, 150 mM NaCl, 
1 mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium 
pyrophosphate, 1 mM β-glycerophosphate, 1 mM Na3VO4, 
and 1 µg/mL leupeptin. All insoluble material was removed 
by centrifugation at 8000 g for 10 min. Protein concentra-
tion was determined using a BCA protein assay kit (Pierce, 
USA) with bovine serum albumin (BSA) as the standard. 
To prepare samples of viral protein, MRC-5 cells were 
infected with HCMV strains Towne and AD169 (American 
Type Culture Collection) at a multiplicity of infection (MOI) 
of 1.0 for 3 days at 37°C (9), after which the proteins were 
purified as described above.

Generation and purification of monoclonal 
antibodies

BALB/c mice were immunized subcutaneously four 
times (100 µg/mouse) at 2-week intervals. The peptides 
were mixed with an equal volume of Freund’s complete 
adjuvant (Sigma, USA) in the initial immunization, and 
with Freund’s incomplete adjuvant (Sigma) in the second 
and third immunizations. The 2 mice with the highest 
antibody titers specific for ST and SH, as determined by 
indirect enzyme-linked immunosorbent assay (ELISA), 
were boosted by a tail vein injection 3 days before cell 
fusion. Feeder layer cells of peritoneal macrophages from 
normal BALB/c mice were seeded 1 day prior to fusion. 
Spleen cells from the boosted mice were fused with Sp2-0 
myeloma cells (American Type Culture Collection) (10) 
at a 5:1 ratio using polyethylene glycol (avg. Mr: 3350). 
Supernatants from individual hybridomas were screened 
by indirect ELISA for their reactivity with the peptides ST 
and SH. Positive hybridoma lines were isolated by limited 
serial dilution. For limited serial dilution, hybridomas from 

one parental generation were added to a 96-well plate 
at one cell per well. The culture supernatant containing 
the growing hybridomas was repeatedly screened by 
indirect ELISA and subcloned by limited serial dilution 
until all picked hybridomas were positive. The selected 
clones were then injected intraperitoneally into BALB/c 
mice to produce ascitic fluid. The mAbs were purified 
from the ascites using a protein G-Sepharose column 
(Pierce) and isotyped using a mouse monoclonal isotyp-
ing kit (AbD Serotec, USA). The isotyping and purification 
procedures were performed according to manufacturer 
instructions.

Indirect ELISA 
Serological screening of the mice and positive hy-

bridoma culture supernatants was performed by indirect 
ELISA to determine the highest antibody titer. Peptides 
ST and SH without KLH (30 ng/well; 100 µL) were applied 
to high-binding polystyrene plates (Corning Life Sciences, 
USA) and incubated overnight at 4°C. After five washes 
with PBS-Tween buffer (0.05% Tween-20 in PBS), the wells 
were blocked with 300 µL 1% BSA for 2 h at room tempera-
ture and then washed again. Individual hybridoma culture 
supernatants (1:1 dilution with PBS; 100 µL) were added, 
followed by incubation at 37°C for 1 h. Subsequently, the 
plates were thoroughly washed. Following incubation with 
100 µL goat anti-mouse IgG polyclonal antibodies coupled 
with horse radish peroxidase (HRP) (Abcam, USA) at 37°C 
for 1 h (1:5000), the wells were developed with tetrameth-
ylbenzidine substrate for 5 min at room temperature, and 
the reactions were then stopped using 100 µL stop solu-
tion. The plates were read in a Bio-Rad ELx800 microplate 
reader (USA) at 450 nm.

Indirect ELISA was used to identify the purified mAbs. 
Peptides ST and SH (30 ng/well) without KLH were coated 
onto high-binding polystyrene plates. Dilutions of the purified 
mAbs were then added to the wells to detect reactivity. The 
procedure was performed as described above. 

Western blotting 
Cell lysates (50 µg protein/sample) of the MRC-5, Towne, 

and AD169 strains were collected; MRC-5 cell lysates were 
used as a negative control. The proteins were denatured 
at 100°C for 10 min under reducing conditions and then 
separated by 10% SDS-PAGE and transferred to PVDF 
membranes (0.45 µm; Millipore, USA). Purified mAbs were 
used as the primary antibody (1 mg/mL, 1:5000), followed 
by HRP-conjugated goat anti-mouse IgG polyclonal antibod-
ies (1:5000). A mouse mAb against gB (Novus Biologicals, 
USA) was used as a control. The reaction was developed 
using ECL reagent (Millipore) and analyzed with the Ver-
saDoc5000 imaging system (Bio-Rad). 

Immunoprecipitation 
HCMV gB was immunoprecipitated (IP) using purified 
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mAbs. Individual samples of cell lysates of the Towne and 
AD169 strains (150 µg/sample) were incubated at 4°C 
overnight with the purified mAbs (2 µg/sample) coupled 
to protein G-Sepharose beads. An MRC-5 cell lysate was 
used as a negative control and a mouse mAb against gB 
(Novus Biologicals) was used as a positive control. Rabbit 
anti-HCMV gB polyclonal antibodies (HuaAn Biotechnol-
ogy Co.) were used as the primary antibody (1:2500), 
followed by HRP-coupled goat anti-rabbit IgG antibodies 
(HuaAn Biotechnology Co.). The reaction was developed 
as described in Western blotting.

Immunohistochemical (IHC) staining
For IHC staining, 4 x 104 MRC-5 cells were seeded on 

glass coverslips in six-well plates and incubated overnight. 
The cells were then infected with HCMV strains Towne 
and AD169 at an MOI of 1.0 for 3 days at 37°C. Normal 
MRC-5 cells were used as a negative control. The cells 
were then fixed in cold acetone for 1 h followed by three 
5-min washes with TBS. Viral gB proteins were detected 
using purified mAbs (0.25 µg/slide). HRP-conjugated 
goat anti-mouse IgG polyclonal antibodies were used as 
the secondary antibody (1:5000) followed by reagents 
from the EnVision System (Dako, USA). IHC staining 
was performed according to manufacturer instructions. 
Brown-stained cells were considered to be positive, and 
blue-stained cells, negative. 

Detection of gB and pp65 antigen in allo-HSCT 
patients

Peripheral blood leukocytes (PBLs) from 92 allo-HSCT 
patients were subjected to IHC staining to detect the gB and 
pp65 antigens. PBLs from 3 HCMV-seronegative healthy 
volunteers, 3 Herpes simplex virus (HSV)-infected individu-
als, and 3 Epstein-Barr virus (EBV)-infected individuals as 
confirmed by real-time PCR using LightCycler® HSV and 
EBV Quant Kits (Roche Diagnostics, USA), were detected 
by the purified mAbs as controls. Research procedures 
for all specimen collections were approved by the Ethics 
Committee of Zhejiang University. Leukocytes were fixed on 
polylysine-coated slides (5 x 104 cells/slide) as described 
above. The purified mAbs and a pp65 mAb (Dako) were 
used as primary antibody. Staining scores were calculated 
as the number of positive cells/5 x 104 white blood cells. 
All slides were scored by two observers who were blind to 
the patient and mAb used.

Statistical analysis
All experiments were performed in triplicate. The data 

were analyzed using SPSS version 16.0. Positivity rates 
and differences in HCMV gB detection between the mAbs 
were examined by paired-crosstabs McNemar and Wilcoxon 
rank-sum tests. Spearman correlation was used to evaluate 
the correlation between the detection of gB and pp65. P < 
0.05 was taken to indicate a significant difference.

Results

Generation of mAbs
Peptides were used to produce mAbs specific for HCMV 

gB. The antibodies produced were screened by indirect 
ELISAs. Hybridoma lines of ST-3H4E11D3A1H6 (named 
ZJU-FH6) and SH-6E1F9D1E6 (named ZJU-FE6) were 
selected for their positive reactivity. The mAbs were purified 
from mouse ascites using a Protein G-Sepharose column. 
The isotypes of the mAbs, IgG1 with a κ chain (ZJU-FH6) 
and IgG2a with a κ chain (ZJU-FE6), were determined 
using a mouse monoclonal isotyping kit (Figure 1). The 
final indirect ELISA screening of ZJU-FH6 and ZJU-FE6 
is shown in Figure 1.

Characterization of ZJU-FH6 and ZJU-FE6 mAbs
ZJU-FH6 and ZJU-FE6 displayed specific binding af-

finities for peptides ST and SH, respectively (Figure 2). 
The original concentration of ZJU-FH6 was 4 mg/mL and 
of ZJU-FE6 was 1.2 mg/mL. ELISA revealed that the titers 
of ZJU-FH6 and ZJU-FE6 were high, as they were detect-
able at a dilution of 1:60,000 and 1:240,000, respectively. 
The reactivity of the mAbs to HCMV gB as demonstrated 
by Western blotting under reducing conditions is shown in 
Figure 3A. Both mAbs showed a protein band in either lane 
Towne or lane AD169 at the same position on the gel as 
the control antibody, where no positive band was shown in 
lane MRC-5. An IP assay was performed to determine their 
ability to recognize native gB (Figure 3B). Lysates of the 
Towne and AD169 strains were immunoprecipitated with the 
mAbs, and an MRC-5 cell lysate was immunoprecipitated 
as a negative control. The mAbs recognized native gB of 
the Towne and AD169 strains, consistently with the control 
antibody. Western blotting and IP indicated that both the 
ZJU-FH6 and ZJU-FE6 mAbs recognized denatured and 
native Towne and AD169 gB.

Immunocytochemical (IHC) staining
IHC staining was performed using the ZJU-FH6 and 

ZJU-FE6 mAbs to observe the intracellular gB. MRC-5 cells 
were infected with strains Towne and AD169, and normal 
MRC-5 cells were used as a negative control (Figure 4). 
Negative cells were stained blue, while positive cells infected 
with the Towne and AD169 strains were stained brown. The 
two mAbs targeted both cells infected with the Towne and 
AD169 strains.

Detection of gB and pp65 antigen in allo-HSCT 
patients

The ZJU-FH6 and ZJU-FE6 mAbs were used for IHC 
staining to detect HCMV gB antigen in PBLs from 92 allo-
HSCT patients. Cells stained brown were considered to 
be positive, and those stained blue were considered to 
be negative (Figure 5). Negative cells were observed in 
specimens from HCMV-seronegative healthy volunteers, 
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Figure 1. Isotypes and final indirect ELISA screening of mAbs ZJU-FH6 (A) and ZJU-FE6 (B). The isotypes of the 
mAbs were identified with a mouse monoclonal isotyping kit. The isotype of the mAb ZJU-FH6 was an IgG1 with 
a κ chain and ZJU-FE6 was an IgG2a with a κ chain. For indirect ELISA screening, peptides ST and SH without 
keyhole limpet hemocyanin (30 ng/well) were applied to high-binding polystyrene plates. Individual hybridoma 
culture supernatants (1:1 dilution with PBS) were added to detect reactivity. 

Figure 2. ELISA analysis of mAbs ZJU-FH6 (A) and ZJU-FE6 (B). Peptides ST and SH without keyhole limpet hemocya-
nin (30 ng/well) were coated onto high-binding polystyrene plates. Dilutions of ZJU-FH6 and ZJU-FE6 were then added 
to detect reactivity. The original concentrations were 4 mg/mL for mAb ZJU-FH6 and 1.2 mg/mL for mAb ZJU-FE6.
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Figure 3. Western blotting and immunoprecipitation analysis of mAbs ZJU-FH6 and ZJU-FE6. A, Western blotting 
was carried out for cell lysates (50 µg/sample) of the MRC-5, Towne, and AD169 strains. ZJU-FH6 and ZJU-FE6 
were used as primary antibody (1 mg/mL, 1:5000). A mouse mAb against gB (Novus Biologicals) was used as a 
control. Lane 1 = MRC-5; lane 2 = Towne strain; lane 3 = AD169 strain. B, Immunoprecipitation was carried out to 
immunoprecipitate HCMV gB using ZJU-FH6 and ZJU-FE6 (2 µg/sample). Samples of cell lysates of the Towne 
and AD169 strains (150 µg/sample) were incubated with ZJU-FH6 (lanes 1, 2, and 3) and ZJU-FE6 (lanes 4, 5 
and 6) coupled to protein G-Sepharose beads. A mouse mAb (lanes 7, 8 and 9) against gB (Novus Biologicals) 
was used as a control. Rabbit anti-human cytomegalovirus gB polyclonal antibodies was used as primary antibody 
(1:2500). Lanes 1, 4, and 7 = MRC-5; lanes 2, 5, and 8 = Towne strain; lanes 3, 6, and 9 = AD169 strain.

Figure 4. Immunohistochemical (IHC) staining of human cytomegalovirus (HCMV)-infected MRC-5 cells using 
mAbs ZJU-FH6 and ZJU-FE6. Normal MRC-5 cells were infected with HCMV strains Towne and AD169 at an MOI 
of 1.0 for 3 days at 37°C. For IHC staining, 4 x 104 MRC-5 cells were seeded on glass coverslips in six-well plates 
and infected with HCMV strains Towne and AD169. Viral gB proteins were detected using mAbs ZJU-FH6 and 
ZJU-FE6. Cells stained brown were considered to be positive, and those stained blue were negative. The arrows 
point to the positive cells. 
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and HSV- or EBV-infected patients. The gB positivity rates 
determined using the ZJU-FH6 and ZJU-FE6 mAbs were 
62.0 (57/92) and 63.0% (58/92), respectively. No significant 
difference in positivity rate (P = 1.000) or population differ-
ence (Ζ = -1.021, P = 0.307) was found. The positive rate of 
pp65 antigen of 92 allo-HSCT patients was 75.0% (69/92). 
There was a significant correlation between the level of pp65 
antigen and gB antigen detected by ZJU-FH6 (r = 0.781, P 
= 0.000) or ZJU-FE6 (r = 0.734, P = 0.000).

Discussion

HCMV is ubiquitous and latent in the human population 
and approximately 60% of adults in developed countries 
and 100% of adults in developing countries are seroposi-
tive (11). Infection with the virus in transplant patient is 
life-threatening. For instance, HCMV infection is associ-
ated with organ rejection, graft dysfunction, fungal and 
bacterial infections in solid organ transplant recipients 
(12). Timely and specifically detection of HCMV infection 
is essential for effective therapy of transplant recipients. 
Although assays have been introduced into diagnostic 
laboratories on HCMV infection detection and monitoring, 

they are far from sufficient. 
The protein gB represents a target for diagnosis and 

treatment in view of the role it plays in the virus lifetime. 
Research on gB will facilitate the understanding of the 
pathogenic mechanisms of HCMV infection, the develop-
ment of detection, and the selection of epitopes for vaccines. 
Monoclonal antibodies have tremendous applications in 
diagnosis, therapeutics, and targeted drug delivery sys-
tems (13). Antibodies to HCMV gB have been studied by a 
number of investigators (14-16), whereas few have focused 
on the diagnostic importance of anti-HCMV gB antibodies. 
The gB-neutralizing antibodies have been shown to inhibit 
infection during the initial attachment step, and, even after 
attaching, neutralizing antibodies can inhibit various virus 
entry stages (8). It may be assumed that gB antigen would 
be reduced or even undetectable where gB-neutralizing 
antibodies exist. 

In the present study, mouse mAbs to two different amino 
acid sequences of HCMV gB, named ZJU-FH6 and ZJU-
FE6, were generated and characterized by indirect ELISA, 
Western blotting, IP, and IHC staining. The prepared mAbs 
displayed high titers of specific binding affinities for the 
synthetic peptides (Figure 2). ZJU-FH6 and ZJU-FE6, are 

Figure 5. Immunohistochemical staining of peripheral blood leukocytes (PBLs) from allo-HSCT patients 
using mAbs ZJU-FH6 and ZJU-FE6. Cells stained dark brown were considered to be positive (arrows), and 
those stained blue were negative. Staining score was calculated as the number of positive cells/5 x 104 
WBC.
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able to recognize both Towne and AD169 gB antigens in 
cellular lysates or infected cells (Figures 3 and 4). 

Consequently, 92 allo-HSCT patients were tested using 
the two mAbs (Figure 5). When compared with pp65 anti-
genemia, a significant correlation between the level of pp65 
antigen and gB antigen detected by ZJU-FH6 (r = 0.781) or 
ZJU-FE6 (r = 0.734) was observed. The pp65 antigenemia 
assay, used for preemptive therapy, is considered to be 
the standard to validate in-house molecular biology-based 
detection methodologies (17,18). The detected gB antigen 
was in accordance with the infectious level, indicating that 
the produced mAbs are capable of recognizing gB in allo-
HSCT patients in a reliable manner. On the other hand, 
this probably suggests that, although the immunogens 
were chosen for favorable immunogenicity, they may not 
represent protective epitopes. A greater number of samples 
should be tested in subsequent studies and the clinical 
diagnostic value of gB antigen could be estimated in further 
investigations. 

Sequence variation has been observed in gB (19,20); 
however, its contribution to pathogenesis remains unclear. 
Variation in gB has been used to classify HCMV genotypi-
cally, and may influence the clinical outcome (21,22), prob-
ably by affecting the cell and organ tropism of HCMV (23), 
the virulence of different strains (24), and host lymphocyte 
subpopulations and cytokine levels (25). In contrast, a lack of 
correlation between gB types and clinical outcomes (26-28) 
or a response to therapy (29) has also been reported. Virus 

variants may be generated by homologous recombination 
(20). Frequent intragenic variation in gB and infection with 
multiple gB subtypes have rendered breakthroughs in the 
diagnosis, treatment, or prevention of HCMV infection 
problematic. Moreover, reinfection and multiple infections 
with HCMV gB subtypes occur, and this is thought to result 
in an unfavorable prognosis (25,30). An ELISA (31) has 
been reported to detect strain-specific antibody responses 
using recombinant antigens based on polymorphic antibody 
binding sites in gH (glycoprotein H) and gB from the Towne 
and AD169 strains. However, no apparent difference was 
found between ZJU-FH6 and ZJU-FE6 through identification 
and detection, demonstrating that different HCMV strains of 
gB have some same epitopes. The synthetic peptides may 
not contain strain-specific epitopes. Future research should 
concentrate on epitope screening, which could contribute 
to the production of HCMV-neutralizing antibodies and 
facilitate HCMV vaccine development.
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