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Abstract 

Circulating autoantibodies have a close association with autoimmune diseases, which may be seen 
even in healthy individuals. These are also considered as promising source of new biomarkers in various 
autoimmune diseases. However, their profile is not completely understood till now. Here, we evaluated 
autoantibodies against nuclear mitotic apparatus protein located at the carboxy terminus (C-NuMA) 
in blood circulation of Han Chinese patients, using different technical approaches to discover patholog-
ical reaction leading to Behçet’s disease (BD). In the first step, the recombinant human carboxy-terminal 
region of NuMA peptide (C-NuMA) was over-expressed and purified. In the second step, the indirect 
immunofluorescence method was used with patients’ sera, and commercial anti-NuMA antibody was 
used to determine the NuMA as a potential autoantigen. Results were confirmed at cell level by western 
blots, indicating that two of ten patients with Behçet’s disease could react with the recombinant C-NuMA, 
and the presence of antibodies were further verified by immunoprecipitation technique. Finally, the 
corresponding immunoassay (ELISA) was developed and optimized with specific recombinant C-NuMA 
as an in vitro method to test the confirmed patients with Behçet’s disease. Our findings demonstrated 
that C-terminus of NuMA is an immune target of Behçet’s disease in Han Chinese patients. 
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Introduction 
Behçet’s disease (BD) is a multisystemic disorder, 

characterized as triple symptoms disease with recurrent 
genital ulcer, oral aphthous, uveitis, and even more seri-
ous complications including blindness and intestinal per-
forations [1]. BD is generally perceived as a kind of auto-
immune disease, and its identification as of autoimmune 
origin could be significant for its diagnosis and treatment 
[2]. Researchers have debated whether there is a poten-
tial autoimmune basis for BD, but autoantigens related to 
BD and their pathogenesis had not been elucidated clearly 
when compared with other classic autoimmune diseases 
such as systemic lupus erythematosus (SLE) [3, 4]. 

Although researchers had made great progress to un-
derstand the BD pathology, but the exact philosophy is 
only partially understood. For example, epitopes on cell 
membrane proteins may cross-react with antibodies and 
become BD autoantigens, as we investigated some im-
portant BD markers including heat shock proteins (HSP 
27), prohibitin (rhPHB), electron transfer flavoprotein sub-
unit beta (ETFB), and annexin A2 [5-8]. These findings 
not only revealed the vasculitis property of BD, but also 

showed the pathogenesis of BD as it might originate from 
various pathogenic infections. 

Similarly, some nuclear proteins have been identified 
and described as autoantigen like hnRNP family (hnRNP 
A1 and hnRNP A2) [9]. In our previous study, HUVEC 
and HEK293 cells showed immunofluorescence and nu-
clear staining pattern of BD sera [5-8], which looks very 
similar to the target protein staining pattern [10-12]. 

NuMA is an important nuclear protein, which is dis-
seminated in the peripheral centrosomal region to each 
spindle pole during the process of mitosis [13]. The char-
acterization of reactive autoantibodies in immunofluores-
cence patterns with NuMA has been defined in interphase 
stage of cells, in which it looks like a fine, freckled nucle-
ar staining with negative nucleoli, whereas mitotic cells 
have bright staining on spindle poles [14]. On the basis of 
sequence analysis, some key antigenic epitopes [15, 16] 
were considered to be mainly located in the C-terminal 
of NuMA. Therefore, the aim of this study was to prove 
whether NuMA is the target antigen of BD and the exis-
tence of antibody against C-NuMA in the blood circulation 
may cause BD pathology. 
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Material and methods 

Collection of samples 

Serum samples were collected from 32 BD patients 
(average age, 40 years; range, 18-80 years; 12 males, 
20 females), who fulfilled the international BD diagnos-
tic criteria [17]. The control sera from 32 healthy donors 
(average age, 25 years; range, 21-32 years; 25 females, 
7 males) and 32 patients with SLE (average age, 31 years; 
range, 16-54 years, 26 females, 6 males) were selected. 
Ethically approved samples were provided by the Chinese 
PLA General Hospital. Samples were taken from consent-
ing patients, and stored at -80 °C. 

Indirect immunofluorescence assay 

The HEK293 cells were cultured in DMEM medium 
containing 10% fetal bovine serum (HyClone, UT), using 
a procedure described before [18]. In brief, the cultured 
cells were placed on microscopic slides with cover slip, 
with freshly prepared 4% paraformaldehyde fixative. The 
coated slides were washed with water at least three times. 
Then, 10 BD patients’ sera (1:20) in PBS were added, and 
the slides were incubated for 1 hour at 37°C temperature. 
After extensive washing, the slides were incubated with 
fluorescein isothiocyanate-conjugated antibody (goat-anti 
human IgG) (ImmunoHunt, Beijing, China), which was 
diluted 1:200 in PBS at 37°C temperature for 1 hour. Slides 
were adjusted for examination under fluorescence micro-
scope (AMG, Bothell, WA, USA). 

Plasmid construction, expression, and 
purification of NuMA C-terminal peptide 

Based on our standard lab procedures described in 
detail before [5], the cDNA encoding the open reading 
frames of C-terminal peptide (C-NuMA, amino acid resi-
dues 1522-2115) was achieved by RT-PCR, using extract-
ed total RNA from HEK293 cells as a template. Then, the 
cDNA of C-NuMA was amplified using adopter primers 
with the EcoRI and HindIII recognition sequences. The 
particular sequences of primers were as follows: 
•	 5’-GAA TTC ATG GGA AGA ACT GAG-3’ (forward 

primer of C-NuMA, EcoRI restriction site); 
•	 5’-AAG CTT GTG CTT TGC CTT GC-3’ (Reverse 

primer of C-NuMA, HindIII restriction site). 
The obtained PCR product was cloned into pET-28a 

(+) vector (prokaryotic expression vector preserved by 
our lab), and were over-expressed in E.coli BL21 (DE3). 
The expression products were purified by high affinity 
Ni-charged resin (GenScript, NJ, China) and then stored 
at -80°C freezer for further analysis. 

Mass spectrometry 

The procedure of mass spectrometry was described be-
fore [19]. In brief, 2 μg purified recombinant human C-Nu-

MA protein was denatured (100°C for 10 minutes) and 
analyzed by SDS-PAGE. The excised gel was destained 
with 50% acetonitrile and 25 mM NH

4
HCO

3
, and dried in 

a vacuum centrifuge. Then, the gel pieces were incubated 
with 25 mM NH

4
HCO

3
 (adding 10 mM dithiothreitol) for 

2 hours at 37°C temperature. Subsequently, the gel pieces 
were added into 25 mM NH

4
HCO

3
 (adding 55 mM iodo-

acetamide) to incubate for 45 minutes at room temperature 
in the dark. Next, gel pieces were washed with 25 mM 
NH

4
HCO

3
 for 10 minutes and dried in a vacuum concen-

trator (Savant Instruments, NY, USA). Finally, the gel 
was digested in 20 μL 0.05 M NH

4
HCO

3
 buffer contain-

ing trypsin (Sigma-Aldrich, MO, USA) at 37°C overnight. 
The peptides were acquired using the AB4700 Proteomics 
Analyzer (Applied Biosystems, MA, USA). The Mascot 
search engine was used for data analysis (Matrix Sciences, 
London, UK). 

Western blotting 

The procedure of Western blot was described previ-
ously [20]. The purified recombinant proteins of C-NuMA 
were separated by SDS-PAGE and transferred to the polyvi-
nylidene difluoride (PVDF) membrane. Blocked the mem-
branes with 5% non-fat milk in PBS at 37°C temperature for 
1 hours, the membranes were then incubated with 10 sera 
from BD patients (same group to immunofluorescence de-
tection) and 10 healthy controls (1:1000 dilution) at 4°C tem-
perature, overnight. After three times washing with 1% PBST 
buffer, the unbounded antibodies were removed. Then mem-
branes were immersed with conjugated HRP-goat anti-human 
IgG (1:6000 dilutions, ImmunoHunt, Beijing, China) for 1 
hour at 37°C temperature. Then, the membranes were detected 
by chemiluminescence kit (Applygen, Beijing, China). 

Immunoprecipitation 

The immunoprecipitation assay was performed as per 
our recently published study [12]. The C-NuMA was incu-
bated at 4°C temperature for overnight, with equal volume 
of positive BD sera, which was used in the Western blot-
ting. Then, A-sepharose beads (Sigma, MO, USA) were 
added and kept at 4°C for overnight. To obtain the immune 
complexes (antigen-IgG complexes), the mixture were 
centrifuged for 2 minutes at 5,000 rpm, and the superna-
tants were separated into another centrifuge tube. Then, 
the immune complexes were washed three times with 200 
μL (0.1% PBST). The immune complexes and the super-
natants were both detected by SDS-PAGE.

ELISA 

ELISA procedure was performed as previously defined 
[21]. The recombinant protein C-NuMA (100 ng/mL) was 
coated on microtiter plate with 0.05 M carbonic buffer 
for overnight at 4°C. Subsequently, 100 μL goat sera 10% 
was added as a blocking material and incubated the plate 
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Fig. 1. Immunofluorescent pattern of samples containing anti-NuMA antibody and BD sera. A) HEK293 cells stained 
with BD serum and antibody to NuMA show the same pattern in various stages of division, an intense positive reactions 
in HEK293 cells with BD sera. B) HEK293 cells were incubated with HC serum and PBS served as a control
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Fig. 2. Analysis of purified recombinant protein by mass spectrometry and Western blot. A) NuMA protein was overex-
pressed in E. coli BL21 after IPTG-induced expression (band 1) and purified using Ni-NTA (band 2). Then, the amino 
acid sequences of the purified band were identified by MALDI-TOF-TOF mass spectrometry. B) The Western blot 
analysis of NuMA probed with 10 BD patients sera and 10 HC as a result, 2 BD patients sera reacted positive, but no HC 
sera. The recombinant purified protein reacts with anti-NuMA antibody as positive control (bottom row)
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for 2 hours at 37°C. The material was dispensed and the 
plates were patted with paper towel. Then, the 100 μL sera 
of BD, SLE, and HC were added in dilution buffer (1 : 
100), and the plate was left in incubator at 37°C tempera-
ture for 1 hour. Then, the liquid material was removed and 
the plate was washed with 0.1% PBST buffer. Secondary 
antibody HRP-conjugated goat anti-human IgG (1 : 20000 
dilutions) was added to each well for 1 hour at 37°C. Then, 
TMB substrate 50 μL was added and the plate was kept in 
a dark place at room temperature for 10 min, which pro-
duced blue color. Finally, the stop solution was added and 
the antibody titer was measured by ELISA reader (Tecan, 
Hombrechtikon, Switzerland) at 450/ 620 nm. 

Statistical analysis 

Statistically, results were measured by Fisher’s exact 
test with prism version 5 (GraphPad, La Jolla, CA, USA) 
to estimate the prevalence of autoantibodies in BD patients 
and healthy control (HC) samples. ELISA results were 
analyzed by t test using SPSS software (version 17, IL, 
USA). P < 0.05 was considered significant. The definition 
of critical point was a number with a higher value than that 
of the healthy controls (mean, +2 SD). 

Results 

Indirect immunofluorescence assay 

The HEK293 cells were used to screen the BD sera 
and autoantigen was verified at cell level. Cells were 
incubated with anti-NuMA antibody, which indicated 
a classic pattern of NuMA protein. The two BD sera 
matched with the pattern of antibody staining (Fig. 1). 

Identification and verification of NuMA autoantigen

The purified recombinant protein was identified by 
MALDI-TOF/TOF mass spectrometry. Peptide mass 
finger printing detail and amino acid sequences showed 
a protein score as 893, the coverage of the amino acid 
sequences were 22% of NuMA (UniProtKB/Swiss-Prot. 
number Q14980), and the credible peptides were present 
in the C-terminal of NuMA sequences (Fig. 2A). To de-
termine the activity of the recombinant proteins, West-
ern blot analysis was performed with sera samples from 
BD patients and healthy people (based on staining of the 
mitotic spindles). The recombinant protein could be sig-
nificantly recognized by sera from BD patient, but not by 
healthy donor (Fig. 2B). 

The prevalence of antibody against C-NuMA 

Immunoprecipitation was performed to verify the re-
sults of Western blot (Fig. 3A). Immunoprecipitates con-
firmed the presence of 67 kDa band indicating that C-Nu-
MA was indeed an autoantigen of BD. ELISA evaluations 
were performed with the recombinant C-NuMA protein, 
which revealed autoantibodies in 9 of 32 patients with BD 
(28%), 2 of 32 patients with SLE (6%), and 1 of 32 with 
HC (3%), based on the cut-off value and mean +2 SD of 
HC (Fig. 3B). It was observed that the anti-NuMA anti-
body had a significantly higher prevalence in BD than SLE 
(p < 0.05) or HC (p < 0.05), which further confirms that 
NuMA has a immunogenic worth in BD pathogenesis. 

The clinical characteristics in BD patients 

Out of 32 BD subjects, 9 showed positive reactions 
with recombinant C-NuMA proteins and 23 patients 
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Fig. 5. A) Schematic representation of the secondary structure of full-length NuMA. The position of tubulin is given on 
the full-length sequence. B) Antigenic epitopes prediction result of NuMA. The yellow color indicate feasible epitopes, 
but the green not according to IEDB Analysis Resource (http://tools.immuneepitope.org/main/). The threshold of pre-
dicted residue scores is 0.399

showed negative reaction. In BD patients with positive re-
activity for recombinant human C-NuMA, symptoms were 
observed in patients as recurrent oral ulcers in 9 patients 
(100%), recurrent genital ulcers in 8 cases (89%), skin le-
sions in 4 patients (44%), gastrointestinal involvement in 
4 cases (44%), and only one subject with anterior uveitis, 
joint involvement, and vascular involvement was observed, 
respectively. No major clinical differences appeared when 
compared to 9 anti-NuMA antibody-positive with 23 neg-
ative subjects. Details are summarized in Figure 4. 

Discussion 
NuMA is nuclear protein and plays an important role 

in mitotic spindle formation. It consists of globular head, 
tail domains, and a central rod domain separating the 
head domains from tail domains as a coiled-coil spacer 
[22]. As it contains a nuclear targeting sequence, the site 
for binding to the mitotic spindle is responsible for nucle-
ar reformation[23]. It has been proposed that the C-ter-
minus of NuMA contains binding site for tubulin (Fig. 
5A), and its involvement in BD pathology was reported 
[24]. NuMA has a strong affinity and directly binds to 
tubulin [25]. BepiPred linear epitope prediction analysis 

showed [26] twenty-eight epitopes that were predicted 
for C-terminus of NuMA. The average score of C-NuMA 
(1522-2115) was higher than the remaining peptide of 
NuMA (1-1521), as shown in (Fig. 5B), indicating that 
some antigenic epitopes are located on the C-terminal of 
NuMA. 

As cell surface proteins carry epitopes, which can 
cross-react with antibodies, similarly, several nuclear pro-
teins have been detected at cell surface, and in most cases 
they were called as autoantigens [27]. Since the existence 
of autoantibodies is a matter of discussion, autoantibodies 
to the NuMA protein were initially reported in a variety 
of autoimmune conditions including Söjgren’s syndrome, 
polyarthritis, and SLE [28]. NuMA as antigen was con-
firmed by immunofluorescent staining of mitotic spindle 
apparatus and immunoprecipitation methods [29, 30]. 
In this study, we used purified recombinant human C-ter-
minal domains of NuMA to analyze the sera levels of 
autoantibodies. It was observed that 9 patients exhibited 
a positive reaction, among the 32 BD patients. Evidences 
from previous studies showed that NuMA is one of target 
proteins during programmed cell death [31]. The injection 
of NuMA antibody to interval and progenitor cells can 
lead to disappearance of the mitotic apparatus [32]. 
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Conclusions
Keeping in view the above facts and findings, it is sug-

gested that the existence of NuMA antibody in BD patients 
may lead to the same results targeted as cell apoptosis. Al-
though NuMA is not associated to a defined autoimmune 
pathology, the presence of high titers circulating antibodies 
against C-NuMA may be a potential target antigen in Han 
Chinese BD patients. 

The authors declare no conflict of interest. 

References
1.	Lee KH, Chung HS, Kim HS, et al. (2003): Human alpha-eno-

lase from endothelial cells as a target antigen of anti-endothe-
lial cell antibody in Behçet’s disease. Arthritis Rheum 48: 
2025-2035.

2.	Direskeneli H (2006): Autoimmunity vs autoinflammation 
in Behçet’s disease: do we oversimplify a complex disorder? 
Rheumatology 45: 1461-1465.

3.	Sherer Y, Gorstein A, Fritzler J, et al. (2004): Autoantibody 
explosion in systemic lupus erythematosus: More than 100 
different antibodies found in SLE patients. Semin Arthritis 
Rheum 34: 501-537.

4.	Yaniv G, Twig G, Shor D, et al. (2015): A volcanic explosion 
of autoantibodies in systemic lupus erythematosus: a diversity 
of 180 different antibodies found in SLE patients. Autoimmun 
Rev 14: 75-79.

5.	Chen P, Shi L, Jiang Y, et al. (2015): Identification of heat 
shock protein 27 as a novel autoantigen of Behçet’s disease. 
Biochem Biophys. Res Commun 456: 866-871.

6.	Chen P, Yang W, Tian Y, et al. (2015): Electron Transfer 
Flavoprotein Subunit Beta Is a Candidate Endothelial Cell 
Autoantigen in Behçet’s Disease. PLoS ONE 10: e0124760. 

7.	Chen P, Yan H, Tian Y, et al. (2015): Annexin A2 as a target 
endothelial cell membrane autoantigen in Behçet’s disease. 
Sci Rep 5: 8162.

8.	Xun Y, Chen P, Yan H, et al. (2014): Identification of prohib-
itin as an antigen in Behçet’s disease. Biochem Biophys Res 
Commun 451: 389-393.

9.	Steiner G, Hartmuth K, Skiner K, et al. (1992): Purification 
and partial sequencing of the nuclear autoantigen RA33 
shows that it is indistinguishable from the A2 protein of the 
heterogeneous nuclear ribonucleoprotein complex. J Clin In-
vest 90: 1061-1066.

10.	Wiik AS, Høier-Madsen M, Forslid J, et al. (2010): Antinu-
clear antibodies: a contemporary nomenclature using HEp-2 
cells. J Autoimmun 35: 276-290.

11.	Price CM, Mccarty GA, Pettijohn DE (1984): NuMA protein 
is a human autoantigen. Arthritis Rheum 27: 774-779.

12.	Zhang W, Zhang C, Chen P, et al. (2016): Circulation auto-
antibody against Lamin A/C in patients with Sjögren’s syn-
drome. Oncotarget 7: 80252-80261.

13.	Cleveland DW (1995): NuMA: a protein involved in nuclear 
structure, spindle assembly, and nuclear re-formation. Trends 
Cell Biol 5: 60-64.

14.	Andrade LE, Chan EK, Peebles CL, et al. (1996): Two major 
autoantigen-antibody systems of the mitotic spindle appara-
tus. Arthritis Rheum 39: 1643-1653.

15.	Hasssan C, Chabrol E, Jahn L, et al. (2015): Naturally Pro-
cessed Non-canonical HLA-A*02:01 Presented Peptides.  
J Biol Chem 290: 2593-2603.

16.	Ternette N, Block PD, Sánchez-Bernabéu A, et al. (2015): 
Early Kinetics of the HLA Class I-Associated Peptidome of 
MVA HIV consv-Infected Cells. J Virol 89: 5760-5771.

17.	International Study Group for Behçet’s Disease (1990): Crite-
ria for diagnosis of Behçet’s disease. Lancet 335: 1078-1080.

18.	Du H, Chen G, Wang S, et al. (2012): Immunological screen-
ing and characterization of highly specific monoclonal anti-
bodies against 20 kDa Hgh. Bioanalysis 4: 2161-1268.

19.	Sun S, Ma H, Han G, et al. (2011): Efficient enrichment and 
identification of phosphopeptides by cerium oxide using on-
plate matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometric analysis. Rapid Commun Mass Spectrom 
25: 1862-1868.

20.	Cho SB, Ahn KJ, Kim DH, et al. (2012): Identification of 
HnRNP-A2/B1 as a target antigen of anti-endothelial cell IgA 
antibody in Behçet’s disease. J Invest Dermatol 132: 601-608.

21.	Du H, Li C, Jin H, et al. (2013): Generation and evaluation 
of antibodies against human MGF E-peptide by reverse phase 
protein microarray and reverse competitive ELISA. Bioanalysis 
5: 2269-2275.

22.	Taimen P, Parvinen M, Osborn M, et al. (2004): NuMA in rat 
testis – Evidence for roles in proliferative activity and meiotic 
cell division. Exp Cell Res 298: 512-520.

23.	Gueth-Hallonet C, Weber K, Osborn M (1996): NuMA: a bi-
partite nuclear location signal and other functional properties 
of the tail domain. Exp Cell Res 225: 207-218.

24.	Ooka S, Nakano H, Matsuda T, et al. (2010): Proteomic sur-
veillance of autoantigens in patients with Behçet’s disease by 
a proteomic approach. Microbiol Immunol 54: 354-361.

25.	Haren L, Merdes A (2002): Direct binding of NuMA to tubulin 
is mediated by a novel sequence motif in the tail domain that 
bundles and stabilizes microtubules. J Cell Sci 115: 1815-1824.

26.	Larsen JE, Lund O, Nielsen M (2006): Improved method for 
predicting linear B-cell epitopes. Immunome Res 2: 2

27.	Jordan P, Ktible D (1996): Autoimmune diseases: nuclear au-
toantigens can be found at the cell-surface. Molecular Biology 
Reports 22: 63-66.

28.	Szalat R, Ghillani-Dalbin P, Jallouli M, et al. (2010): An-
ti-NuMA1 and anti-NuMA2 (anti-HsEg5) antibodies: Clinical 
and immunological features: A propos of 40 new cases and 
review of the literature. Autoimmun Rev 9: 652-656.

29.	Mozo L, Gutiérrez C, Gómez J (2006): Antibodies to mitotic 
spindle apparatus: clinical significance of NuMA and HsEg5 
autoantibodies. J Clin Immunol 26: 438-446.

30.	Whitehead C, Winkfein R, Fritzler M, et al. (1996): The spin-
dle kinesin-like protein HsEg5 is an autoantigen in systemic 
lupus erythematosus. Arthritis Rheum 39: 1635-1642.

31.	Sun QY, Schatten H (2006): Role of NuMA in vertebrate 
cells: review of an intriguing multifunctional protein. Front 
Biosci 11: 1137-1146.

32.	Taimen P, Berghäll H, Vainionpää R, et al. (2004): NuMA 
and nuclear lamins are cleaved during viral infection–inhibi-
tion of caspase activity prevents cleavage and rescues HeLa 
cells from measles virus-induced but not from rhinovirus 
1B-induced cell death. Virology 320: 85-98.


