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Immunization with Pneumocystis carinii
A121–85 antigen activates immune function
against P. carinii
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Abstract

Background: Pneumocystis pneumonia (PcP), which is caused by Pneumocystis carinii, is a life-threatening infection
that affects immunocompromised individuals. Unfortunately, chemoprophylaxis and dapsone are only effective for
half of the patients with PcP, indicating that additional preventive methods are needed. We predicated the
pneumocystis surface protein A12 sequence 1–85 by DNAStar software and BepiPred, and identified it as a potential
vaccine candidate by bioresearch.

Methods: We used recombinant A121–85 as antigen to immunized mice and detected serum titer of IgG,
expression of inflammatory factors by EILSA, qRT-PCR and flow cytometry.

Results: Our results showed that immunization with recombinant A121–85 increased the serum titer of IgG,
promoted the secretion of T lymphocytes, increased the expression of inflammatory factors, and elevated lung
inflammatory injury in mice.

Conclusions: Our findings suggest that A121–85 is a potential vaccine target for preventing Pneumocystis carinii. The
evaluation of A121–85-elicited antibodies in the prevention of PcP in humans deserves further investigation.
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Background
Pneumocystis pneumonia (PcP) is a life-threatening in-
fection caused by Pneumocystis carinii, with more than
400,000 cases globally [1, 2]. PcP is more likely to affect
immunosuppressed people, such as cancer patients [3],
organ transplant recipients [4, 5], and HIV patients [6] .
Although there are drug treatments for PcP, patients
with poor compliance, adverse side effects and recurrent
infections remain a problem, which causes a high rate of
mortality. Hence, other treatments and methods to avoid
PCP warrant further investigation.

Previous studies reported that using intact P. carinii
cells immune BALB/c mice protects against PcP [7, 8],
which means that it is possible to protect against PcP
using immune reactions. As P. carinii cannot be culti-
vated satisfactorily, it is important to develop a subunit
vaccine. Brenda L. Tesini. et al. reported that using
Pneumocystis Cross-Reactive Antigen 1 immune mice
protects mice against PcP and generates an antibody
against Pneumocystis jirovecii [9]. Jesse Wells. et al.
found that BALB/c mice immunized with recombinant
mouse Pneumocystis carinii antigen A12-thiredoxin fu-
sion protein elevated the antibody response that recog-
nized P. carinii antigen [10]. These studies indicated
that vaccine-based immunotherapy could provide a
novel therapeutic approach to our current management
of PcP.
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The A12 protein, which is homologous to P. carinii
Kex1, was selected because it is recognized by a mono-
clonal antibody that provides passive prophylaxis against
the development of PCP [11, 12]. This study analyzed
the secondary structure, hydrophilicity, accessibility, and
plasticity parameters of the A12 protein using DNAStar
software(https://www.dnastar.com/t-sub-solutions-
structural-biology-epitope-prediction.aspx) [13–15] and
BepiPred (http://www.cbs.dtu.dk/services/BepiPred/).
We found that the A12 protein has three potential B-cell
antibody epitopes, which are mainly distributed in the
following areas: 1–85, 92–184, 191–255. Compared with
other amino acid sequences, the amino acid sequences
near the N-terminal and C-terminal are usually located
on the protein’s surface and have better hydrophilicity
and more excellent elasticity, which are promising anti-
genic determinant regions. Furthermore, we entered
them in BepiPred to evaluate their immunogenicity. The
results showed that compared with other two amino
acids sequence, the full length of A121–85 was part of the
linear B cell epitope. Therefore, we chose amino acids
1–85, which near the N-terminal for further study.
Then, we expressed A121–85 in E. coli and purified it.
And the recombinant protein A121–85 was used to
immunize the mice to verify its protective efficiency.

Result
Recombinant A121–85 immunization increased the serum
titer of IgG
In order to evaluate the immune effect of mice to re-
combinant A121–85, we used ELISA to detect the serum
titer of IgG between the three groups. As shown in Fig. 1,

the serum IgG titer of group A was significantly higher
than that of groups B and C at 42 days after
immunization, which means recombinant A121–85 can
stimulate the body to produce a strong humoral immune
response. Furthermore, we used ELISA to detect the
serum titer of IgG at different times for dynamic obser-
vations of the immune effect of mice to recombinant
A121–85. Results showed that after secondary
immunization, the serum titer of IgG reached 1:4000,
after third immunization, the titer reached 1:8000, after
fourth immunization, the titer reached 1:32,000, respect-
ively, indicated that the serum titer of IgG in mice im-
munized with A121–85 gradually increased with the
increase of immunization times(Fig. 1B).

Immunization with recombinant A121–85 promotes T
lymphocytes to secrete IFN-γ
Previous studies indicated that IFN-γsecreted by T lym-
phocytes plays an important role in clearing P. carinii
[16]. Therefore, we detected IFN-γ secretions by CD4+

T cells and CD8+ T cells using FACM to evaluate the
immune protective effects of recombinant A121–85. As
shown in Fig. 2A, the IFN-γ secreted by CD4+ T cells in
group A(3.45 ± 0.13) was significantly higher than the
group B (1.29 ± 0.08) and group C (1.12 ± 0.04)(P <
0.001). Meanwhile, the IFN-γ secreted by CD8+ T cells
in group A (4.44 ± 0.1) was significantly higher than that
in the group B (2.1 ± 0.18) and group C (1.9 ±
0.11)(P < 0.001)(Fig. 2B). These results indicated that
immunization with recombinant A121–85 promotes T
lymphocytes secrete IFN-γ to clear P. carinii.

Fig. 1 Recombinant A121–85 immunization increased the serum titer of IgG. (A) Comparison of serum titer of IgG between three groups of mice
42 days after immunization. (Group A: immunization with recombinant A121–85-adjuvant; Group B: immunization with PBS-adjuvant; Group C:
immunization with PBS. *: P < 0.05; **: P < 0.01; ***: P < 0.001); (B) Immunized with A121–85 gradually increased IgG titer with the increase of
immunization times (The red plot presents effective titer)
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Recombinant A121–85 immunization promotes the
expression of inflammatory cytokines
Studies have reported that the inflammatory cytokines
IFN-γ, IL12, and IL17 are involved in the clearance of
Pneumocystis carinii; therefore, we used qRT-PCR and
ELISA to detect the expression of IFN-γ, IL12, and IL17
in the lung tissue and serum of mice. The qRT-PCR re-
sults showed that in the lung tissue, the mRNA levels of
IFN-γ, IL12, and IL17 increased significantly in the re-
combinant A121–85 immunization group (Fig. 3A). Fur-
thermore, ELISA results showed that the levels of IFN-γ,
IL12, and IL17 in the lung tissue and serum of recom-
binant A121–85 immunized mice were significantly
higher than that of the control groups (Fig. 3B-C). These
data indicated that recombinant A121–85 immunization
could stimulate mice to express inflammatory factors to
against Pneumocystis carinii.

Immunization with recombinant A121–85 significantly
elevated inflammatory injury in mice
HE staining was performed on the lung tissue of three
groups of mice to determine whether the immune re-
sponse to recombinant A121–85 alleviated pulmonary in-
fections in immunosuppressed mice. As shown in
Fig. 4A, the alveolar structure was clear, the alveolar
walls were not significantly thickened, and the alveolar
cavity was infiltrated by a moderate amount of inflam-
matory cells such as neutrophils and lymphocytes in the

mice of group A. However, the alveolar cavities of the
mice in groups B and C were filled with a large number
of neutrophils and macrophages, locally accompanied by
large areas of hemorrhage and some alveolar atrophy.
Furthermore, to determine whether the immune re-

sponse to recombinant A121–85 reduces the organism
burden in immunosuppressed mice, we used GMS stain-
ing to count the number of sporangia in mouse lung im-
prints. The results showed that, under a microscope at
400 ×magnification, the lung imprint of group A mice
had a small amount of pneumocystis. Meanwhile, the
pneumocystis aggregated into clusters was observed in
the lung imprint of the control groups, with the number
significantly higher than that of group A (Fig. 4B)
(Table 1. Mean number of cysts in mice lung imprint.).

Discussion
The main targets of Pneumocystis carinii are patients
with immune deficiencies such as AIDS, and long-term
immunosuppressed patients [17, 18], that eventually de-
veloped pneumocystis pneumonia (PcP). There are drugs
and treatments for PcP, but adverse side effects, poor
compliance, and recurrent infections remain a problem.
Hence, new treatments to prevent and treat PCP deserve
further research.
The increasing occurrence of systemic fungal infec-

tions in humans has increased the emphasis on the pro-
duction of fungal vaccines and the use of monoclonal

Fig. 2 Flow cytometric analysis expression of IFN-γ on CD4+ (A)T cells and CD8 + (B) T cells of three groups. (Group A: immunization with
recombinant A121–85-adjuvant; Group B: immunization with PBS-adjuvant; Group C: immunization with PBS. *: P < 0.05; **: P < 0.01;
***: P < 0.001)

Tong et al. BMC Immunology           (2021) 22:40 Page 3 of 8



antibodies [19]. Datta et al. reported that passive anti-
body transference could produce protective mAbs
against specific pathogens, providing protection from in-
fection in the absence of immunologic function [20]. De
Almeida and his colleagues found that the use of an
mAb against a 70-KDa glycoprotein could therapy infec-
tion with S. schenckii and S. brasiliensis in mice [21].
These studies indicated that the use of vaccines and
mAb to prevent and treat fungal infections deserves fur-
ther research.
As P. carinii cannot be satisfactorily cultivated, it is

important that a subunit vaccine is developed. P. carinii
contains a variety of surface proteins, such as surface

sugars (MSG) [22], P55 [23], surface glycoprotein-
related antigen (MSR) [24], and A12 [10], which in-
creased studies have shown that these proteins are
closely related to the prevention, occurrence, and devel-
opment of PcP.
In the present study, we predicted the dominant epi-

tope of A12 using a variety of molecular biology soft-
ware and selected a segment of the amino acid sequence
(1–85) with the dominant epitope for recombinant pro-
tein expression to study the immune characteristics.
In this study, recombinant A121–85 was used to

immunize BALB/c mice for the experimental group,
while the immune adjuvant and PBS were used for the

Fig. 3 Recombinant A121–85 immunization promotes the expression of inflammatory cytokines. (A: mRNA levels of lung IFN-γ, IL-12, IL17 in three
groups; B: ELISA for expression of IFN-γ, L-12, IL17 in lung tissue of mice; C: ELISA for expression of IFN-γ, L-12, IL17 in serum of mice. Group A:
immunization with recombinant A121–85-adjuvant; Group B: immunization with PBS-adjuvant; Group C: immunization with PBS. *: P < 0.05; **:
P < 0.01; ***: P < 0.001)
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control groups. We found that the serum of the mice in
the experimental group had higher immune titers and
high titer immunoglobulins, meaning recombinant
A121–85 can stimulate the body to produce a strong
humoral immune response to eliminate P. carinii. Roth
JB. et al. found that the antibody against P. carinii disap-
peared in 5 HIV-infected patients with PCP during the
acute infection period, while 3 patients had higher levels
of anti-PC antibodies during the chronic infection period
[25]. Furthermore, Kobayashi and his colleagues used
rhesus monkeys infected with HIV as an animal model
and found that monkeys with high IgG titers had milder
symptoms of PcP [26]. These studies indicated that the
humoral immune response could inhibit the infection
process of Pneumocystis.
Studies have shown that cellular immune response

and cytokines play an important role against P. carinii
infection [27, 28]. IFN-γ, IF12, and other cytokines se-
creted by Th1 cells are involved in eliminating P. carinii.

Researchers have found that the number of CD8+ T cells
increase during Pneumocystis infection, which leads to a
high expression of IFN-γ and is not affected by the IFN-
γ antibody [28, 29]. Meanwhile, chemokines and cyto-
kines secreted by T cells can enhance the antigen pres-
entation of dendritic cells, accelerating the elimination
of Pneumocystis. Thus, IFN-γ plays an important role
against P. carinii infections. Studies have reported that
infection by bacteria and fungi can stimulate macro-
phages, dendritic cells, and neutrophils to release IL12
[30, 31], which acts as a bridge that connects adaptive
immunity and innate immunity. IL12 recruits inflamma-
tory cells to the lungs and releases inflammatory factors
against P. carinii [32]. IL17, which is secreted by Th17
cells, plays an important anti-inflammatory effect on the
body’s lung infections, asthma, and other inflammatory
reactions. Studies have shown that IL17 plays an import-
ant role in fighting fungal infections [33]. In this study,
we found that the expression of IFN-γ in both the

Fig. 4 Immunization with recombinant A121–85 significantly elevated the inflammatory injury in mice. (A: HE staining for lung tissues; B: GMS
staining for lung imprint. Group A: immunization with recombinant A121–85-adjuvant; Group B: immunization with PBS-adjuvant; Group C:
immunization with PBS)

Table 1 Mean number of cysts in mice lung imprint

Groups Number of mice Mean number of cysts (per field of microscope) P value(A vs B and A vs C)

A 3 0.99 ± 0.4

B 3 5.12 ± 1.33 P < 0.001

C 3 5.34 ± 1.21 P < 0.001
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CD4 + T cells and CD8 + T cells in the experimental
group was higher than that in the other two control
groups. Similarly, the levels of IL12 and IL17 in the ex-
perimental group in both serum and lung tissue were
also higher than those in the control groups, which indi-
cated that immunization with recombinant A121–85
could protect mice from P. carinill.
Finally, we used HE and GMS staining to evaluate the

organism burden in the mice of the three groups. We
found that the mice in the experimental group had mod-
erate lung inflammation with few inflammatory cells in-
filtrating, while the mice in the control groups had
relatively severe lung inflammation with widened inter-
stitial lungs, thickened alveolar walls, and a large number
of alveolar cavities. After GMS staining, the results
showed that the number of cysts in the experimental
group was the lowest of the groups, while the other two
groups were infected with a large number of spore bac-
teria. The above data prove that recombinant A121–85
has a powerful immune effect, which can be used as a
preventive medicine or vaccine for patients with weak-
ened immune function to reduce the incidence of PCP.
Although Jesse Wells. et al. [10] reported that mice

immunized with A121–145 can increase their resistance
to P. carinii and reduce the organism burden, the A121–
85 we used also has immune protection against P. carinii
and has a shorter sequence, making it more stable for
vaccine development.

Conclusion
In the present study, we found that immunization with
recombinant P. carinii A121–85 significantly increased
the expression of IFN-γ, IL12 and IL17, as well as the
serum titer of IgG, indicating that A121–85 has a protect-
ive effect on the immunity on P. carinii. This study can
lay a theoretical foundation for future development of
Pneumocystis vaccines. However, the protein antigen
vaccine has polymorphism and variability. In future re-
search, we should deepen the fusion expression of A12
and other university vectors, optimize the adjuvant type,
to make a composite protein vaccine to induce a sub-
stantial immune protective effect of PCP vaccine.

Materials and methods
Mice
Six-week-old female BALB/c mice were obtained from
the Laboratory Animal Center of Anhui Medical Univer-
sity, China. Animal experimental procedures were ap-
proved by the Animal Ethics Committee of Anhui
Medical University (No. 20200938). All of the animals
received subcutaneous injections of dexamethasone (0.5
mg/mice) in the groin every 3 days for 8 weeks for estab-
lished Pneumocystis infection model [16]. A conven-
tional colony provided the mice ample environmental

exposure to P. carinii and other rodent viruses. Tetracyc-
line hydrochloride (1 mg/mL) was added to the water to
control secondary bacterial infections.

Immunization with recombinant A121–85 protein
Mice were divided into a recombinant A121–85- adjuvant
experimental group (group A), PBS-adjuvant group
(group B), and PBS group (group C), with 15 mice per
group. They received multiple subcutaneous immuniOn
the 42nd day, the mice were sacrificed by intraperitoneal
injection of pentobarbital sodium(200mg/kg), and the
spleen and lung were taken for follow-up experiments.-
zations every 2 weeks for a total of 4 times in the back
and groin. Blood was collected by tail cutting on days 0,
14, 28, and 42 for the titer test by ELISA. On the 42nd
day, the mice were sacrificed by intraperitoneal injection
of pentobarbital sodium (200mg/kg), and the spleen and
lung were taken for follow-up experiments.

ELISA for serum IgG titer
The protein stock solution (600 μg/ml) was purified by
recombinant A121–85 and diluted to 10 μg/ml with a
coating buffer. It was added to a blank ELISA plate at
200 μl per well, left overnight at 4 °C and the coating so-
lution was discarded. Then, each well of the coated
ELISA plate was added to PBS-T with 200 μl, washed,
dried with filter paper, and repeated 5 times. It was
blocked with 1% BSA, 100 μl per well, at 37 °C for 1 h.
Each serum sample from the tail blood is 1:1000, 1:2000,
1:4000, 1:8000, 1:16000, 1:32000, 1:64000; 1:128000; 1:
256000, 1:512000 dilution, respectively, with 100 μl/well
for incubating at 37 °C. The OD value was measured at
450 nm absorbance and the cutoff value is OD of nega-
tive control * 2.5.

Flow cytometry for the detection of inflammatory factors
The immunized mice spleen was taken aseptically to
prepare a single cell suspension, incubated in a 24-well
plate (1 × 106/well), and stimulated with the Pharma-
ceutical Manufacturers Association (PMA) + Ionomycin
(Ion) + Brefeldin A (BFA) for 5 h in the cell incubator.
Next, the cells were collected by centrifugation, the anti-
bodies were labeled, and they were tested using FCM.

Quantitative real-time PCR (qRT-PCR) for mRNA of
inflammatory factors
The TRIzol reagent (Ambion, Austin, TX, USA) was
used to extract the total RNA from the lung tissue sam-
ples according to the manufacturer’s protocol. An Ad-
vantage RT-PCR Kit and random primers were used to
synthesize cDNA (Clontech, Takara, Japan). A qRT-PCR
was conducted on the LightCycler 480 Detection System
with SYBR Green dye (Clontech, Takara, Japan). The
specific primers for the inflammatory factors were as
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follows: IFN-γForward: 5′- AGCAAGGCGAAAAA
GGATGC-3′; IFN-γReverse: 5′-TCATTGAATGCTTG
GCGCTG-3′; IL12 Forward: 5′-GATGTCACCT
GCCCAACTG-3′; IL12 Reverse: 5′-TGGTTTGATG
ATGTCCCTGA-3′; IL17 Forward: 5′-CTCCAGAAGG
CCCTCAGACTAC-3′; IL17 Reverse: 5′-GGGTCTTC
ATTGCGGTGG-3′; GAPDH Forward: 5′-CAACTTTG
GCATTGTGGAAGG-3′; GAPDH Reverse: 5′-ACAC
ATTGGGGGTAGGAACAC-3′.
The reaction parameters included a denaturation pro-

gram (30 s at 95 °C, 1 cycle), followed by an amplification
and quantification program over 40 cycles (5 s at 95 °C
and 20 s at 60 °C). Each sample was tested in triplicate,
and each underwent a melting curve analysis to check
the specificity of amplification.

Hematoxylin-eosin (HE) staining and Gomori’s
methenamine silver(GMS) staining
A piece of lung tissue less than 0.5 cm was taken from
each mouse and put into 10% formalin fixative. Water
was removed with alcohol, and then xylene was added. It
was then embedded in paraffin and sliced. HE or GMS
were used to stain according to the manufacturer’s
protocol, then observed under a microscope.

Statistical analysis
Statistical analyses were performed using t-tests and
one-way analysis of variance (ANOVA-Bonferroni test).
All data were in accordance with normal distribution
(supplement materials -normal distribution test data:
Supplementary Fig 1-Fig 3). All statistical analyses were
conducted using SPSS 16.0 (SPSS Inc., Chicago, IL,
USA). A value of p < 0.05 was considered statistically
significant.
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org/10.1186/s12865-021-00436-6.

Additional file 1: Supplementary Fig. 1. The normal distribution test
of the Fig. 1A data. Supplementary Fig. 2. The normal distribution test
of the Fig. 2 data.(A. Figure 2A data; B. Figure 2B data). Supplementary
Fig. 3. The normal distribution test of the Fig. 3 data.(A. Figure 3A data;
B. Figure 3B data; C. Figure 3C data).

Acknowledgements
Not applicable.

Authors’ contributions
T.T and Zh x. W designed and performed study. T. T and Yh. X performed
the Statistical analysis and wrote the manuscript. JL. Sh reviewed the
manuscript. All authors read and approved the final manuscript.

Funding
This research was supported by “Research Fund of Anhui Institute of
translational medicine (2017zhyx14)”.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Animal experimental procedures were carried out in accordance with
relevant guidelines and regulations along with the Ethical approval
statement. The study was carried out in compliance with the ARRIVE
guidelines. All protocols were approved by the Animal Ethics Committee of
Anhui Medical University (No. 20200938).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Clinical Laboratory, First Affiliated Hospital, Anhui Medical
University, 218 Jixi Road, Hefei, Anhui 230022, People’s Republic of China.
2Department of Clinical Laboratory, Fourth Affiliated Hospital, Anhui Medical
University, 100 Huaihai Road, Hefei, Anhui, People’s Republic of China.

Received: 25 October 2020 Accepted: 10 June 2021

References
1. Corallo CE, Coutsouvelis J, Morgan S, Morrissey O, Avery S. Dapsone for

Pneumocystis jirovecii pneumonia prophylaxis - applying theory to clinical
practice with a focus on drug interactions. Drug Metab Personalized
Therapy. 2020;0(0). https://doi.org/10.1515/dmpt-2019-0018.

2. Kim YH, Kim JY, Kim DH, Ko Y, Choi JY, Shin S, et al. Pneumocystis
pneumonia occurrence and prophylaxis duration in kidney transplant
recipients according to perioperative treatment with rituximab. BMC
Nephrol. 2020;21(1):93. https://doi.org/10.1186/s12882-020-01750-8.

3. Azoulay ERL, Van de Louw A, et al. Diagnosis of severe respiratory infections
in immunocompromised patients. Intensive Care Med. 2020;46(2):298–314.
https://doi.org/10.1007/s00134-019-05906-5.

4. Freiwald T, Buttner S, Cheru NT, Avaniadi D, Martin SS, Stephan C, et al.
CD4(+) T cell lymphopenia predicts mortality from Pneumocystis
pneumonia in kidney transplant patients. Clin Transpl. 2020;34(9):e13877.
https://doi.org/10.1111/ctr.13877.

5. Delbove A, Alami H, Tissot A, Degot T, Liberge R, Mornex JF, et al.
Pneumocystis pneumonia after lung transplantation: a retrospective
multicenter study. Respir Med. 2020;169:106019. https://doi.org/10.1016/j.
rmed.2020.106019.

6. Dunphy L, Patel N, Palmer B, McKeown E. Missed opportunity to diagnose
HIV with Pneumocystis carinii pneumonia as its sequela. BMJ Case Rep.
2020;13(6):e235386. https://doi.org/10.1136/bcr-2020-235386.

7. Pascale JM, Shaw MM, Durant PJ, Amador AA, Bartlett MS, Smith JW, et al.
Intranasal immunization confers protection against murine Pneumocystis
carinii lung infection. InfectImmun. 1999;67:805–9.

8. Zheng M, Shellito JE, Marrero L, Zhong Q, Julian S, Wallace V, et al. CD4+T
cell-independent vaccination against Pneumocystis carinii in mice. J Clin
Investig. 2001;108(10):1469–74. https://doi.org/10.1172/JCI13826.

9. Brenda L, Tesini TWW, Malone JE, Haidaris CG, Harber M, Sant AJ, et al.
Immunization with Pneumocystis CrossReactive Antigen 1 (Pca1) Protects
Mice against Pneumocystis Pneumonia and Generates Antibody to
Pneumocystis jirovecii. Infect Immun. 2017;85(4):e00850–16. https://doi.org/1
0.1128/IAI.00850-16.

10. HC WJ, Wright TW, Gigliotti F. Active immunization against Pneumocystis
carinii with a recombinant P. carinii antigen. Infect Immun. 2006;74(4):4.

11. Wells J, Gigliotti F, Simpson-Haidaris PJ, Haidaris CG. Epitope mapping of a
protective monoclonal antibody against Pneumocystis carinii with shared
reactivity to Streptococcus pneumoniae surface antigen PspA. Infect Immun.
2004;72:9.

12. Cobos Jiménez VRW, Rayens E, Norris KA. Immunization with Pneumocystis
recombinant KEX1 induces robust and durable humoral responses in

Tong et al. BMC Immunology           (2021) 22:40 Page 7 of 8

https://doi.org/10.1186/s12865-021-00436-6
https://doi.org/10.1186/s12865-021-00436-6
https://doi.org/10.1515/dmpt-2019-0018
https://doi.org/10.1186/s12882-020-01750-8
https://doi.org/10.1007/s00134-019-05906-5
https://doi.org/10.1111/ctr.13877
https://doi.org/10.1016/j.rmed.2020.106019
https://doi.org/10.1016/j.rmed.2020.106019
https://doi.org/10.1136/bcr-2020-235386
https://doi.org/10.1172/JCI13826
https://doi.org/10.1128/IAI.00850-16
https://doi.org/10.1128/IAI.00850-16


immunocompromised non-human primates. Hum Vaccin Immunother.
2019;15(9):6.

13. Chou PYFG. Prediction of the secondary structure of proteins from their
amino acid sequence. Adv Enzymol Relat Areas Mol Biol. 1978;47:103.

14. Jameson BA, Wolf H. The antigenic index: a novel algorithm for predicting
antigenic determinants. Comput Appl Biosci. 1988;4(1):181–6. https://doi.
org/10.1093/bioinformatics/4.1.181.

15. Kyte J, Doolittle RF. A simple method for displaying the hydropathic
character of a protein. J Mol Biol. 1982;157(1):105–32. https://doi.org/10.101
6/0022-2836(82)90515-0.

16. Liu ABPY, Zheng YQ, Cai H, Ye B. Therapeutic efficacies of chitosan against
Pneumocystis pneumonia of immunosuppressed rat. Parasite Immunol.
2014;36(7):292–302. https://doi.org/10.1111/pim.12117.

17. Zakrzewska MRR, Zakrzewski M, Maciorkowska E. Pneumocystis pneumonia:
still a serious disease in children. Dev Period Med. 2019;23(3):4.

18. Guegan HR-GF. Molecular diagnosis of Pneumocystis pneumonia in
immunocompromised patients. Curr Opin Infect Dis. 2019;32(4):8.

19. Camila Boniche SAR, Kischkel B, Barbalho FV, Moura ÁND'A, Nosanchuk JD,
Travassos LR. Carlos Pelleschi Taborda Immunotherapy against Systemic
Fungal Infections Based on Monoclonal Antibodies. J Fungi (Basel). 2020;
6(1). https://doi.org/10.3390/jof6010031.

20. HM DK. Immunotherapy of Fungal Infections. Immunol Investig. 2015;44(8):
738–76. https://doi.org/10.3109/08820139.2015.1093913.

21. de Almeida GHK JRF, Jannuzzi GP, de Almeida SR. Therapeutic vaccine
using a monoclonal antibody against a 70-kDa glycoprotein in mice
infected with highly virulent Sporothrix schenckii and Sporothrix brasiliensis.
Med Mycol. 2015;53(1):9.

22. Shivaprakash M, Rudramurthy MS, Sharma M, Rawat P, Ghosh A, Venkatesan
L, et al. Reliable differentiation of Pneumocystis pneumonia from
Pneumocystis colonisation by quantification of Major Surface Glycoprotein
gene using real-time polymerase chain reaction. Mycoses. 2018;61(2):8.

23. Yanmei Feng SG. Tao Jiang, Xiaoli Han, ping Liu, Tingting Wu, Yongai Luo:
active immunization against Pneumocystis carinii with p55-v3 DNA vaccine
in rats. Can J Microbiol. 2011;57(5):7.

24. Schaffzin JKSS, Stringer JR. A new family of Pneumocystis carinii genes
related to those encoding the major surface glycoprotein. Curr Genet. 1999;
35(2):10.

25. Roths JBSC. Single and combined humoral and cell-mediated
immunotherapy of Pneumocystis carinii pneumonia in immunodeficient
scid mice. Infect Immun. 1993;61(5):9.

26. NK KHM. Vaccine-Induced Immunogenicity and Protection Against
Pneumocystis Pneumonia in a Nonhuman Primate Model of HIV and
Pneumocystis Coinfection. J Infect Dis. 2016;213(10):1586–95. https://doi.
org/10.1093/infdis/jiw03.

27. WS KH, O'Connor TP, Crystal RG. Interaction of Pneumocystis carinii with
dendritic cells and resulting host responses to P. carinii. J Immunother.
2007;30(1):10.

28. MT KK, Takenaka T. Secretion patterns of Th1- and Th2-type cytokines in
immune deviation caused by dendritic cells. Int Arch Allergy Immunol.
1997;114(1):11.

29. Kristin G, Anderson HS. Cara N Skon, Leo Lefrancois, Angela Deisinger, Vaiva
Vezys, David Masopust: cutting edge: intravascular staining redefines lung
CD8 T cell responses. J Immunol. 2012;189(6):5.

30. G. T. Interleukin-12: a cytokine at the interface of inflammation and
immunity. Adv Immunol. 1998;70:83–243. https://doi.org/10.1016/s0065-2
776(08)60387-9.

31. G. T. Proinflammatory and immunoregulatory functions of interleukin-12. Int
Rev Immunol. 1998;16(3–4):365–96. doi: https://doi.org/10.3109/088301
89809043002.

32. Sanbao Ruan LM. Mingquan Zheng, Xiaowen Rudner, Alain D'Souza, jay K
Kolls, Judd E Shellito: Interleukin-12 and host defense against murine
Pneumocystis pneumonia. Infect Immun. 2008;76(5):8.

33. Xiaowen L, Rudner KIH, Erana AY, Shellito JE. Interleukin-23 (IL-23)-IL-17
cytokine axis in murine Pneumocystis carinii infection. Infect Immun. 2007;
75(6):7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tong et al. BMC Immunology           (2021) 22:40 Page 8 of 8

https://doi.org/10.1093/bioinformatics/4.1.181
https://doi.org/10.1093/bioinformatics/4.1.181
https://doi.org/10.1016/0022-2836(82)90515-0
https://doi.org/10.1016/0022-2836(82)90515-0
https://doi.org/10.1111/pim.12117
https://doi.org/10.3390/jof6010031
https://doi.org/10.3109/08820139.2015.1093913
https://doi.org/10.1093/infdis/jiw03
https://doi.org/10.1093/infdis/jiw03
https://doi.org/10.1016/s0065-2776(08)60387-9
https://doi.org/10.1016/s0065-2776(08)60387-9
https://doi.org/10.3109/08830189809043002
https://doi.org/10.3109/08830189809043002

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Result
	Recombinant A121–85 immunization increased the serum titer of IgG
	Immunization with recombinant A121–85 promotes T lymphocytes to secrete IFN-γ
	Recombinant A121–85 immunization promotes the expression of inflammatory cytokines
	Immunization with recombinant A121–85 significantly elevated inflammatory injury in mice

	Discussion
	Conclusion
	Materials and methods
	Mice
	Immunization with recombinant A121–85 protein
	ELISA for serum IgG titer
	Flow cytometry for the detection of inflammatory factors
	Quantitative real-time PCR (qRT-PCR) for mRNA of inflammatory factors
	Hematoxylin-eosin (HE) staining and Gomori’s methenamine silver(GMS) staining
	Statistical analysis

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

