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Abstract 

Background  NAT10 is the firstly recognized RNA acetyltransferase that participates in multiple cellular biological 
processes and human disease. However, the role of N-acetyltransferase 10 (NAT10) in ankylosing spondylitis (AS) is still 
poorly elaborated.

Methods  Fifty-six patients with New-Onset AS, 52 healthy controls (HC), 20 patients with rheumatoid arthritis (RA) 
and 16 patients with systemic lupus erythematosus (SLE) were recruited from The First Afliated Hospital of Nan-
chang University, and their clinical characteristics were recorded. The expression level of NAT10 in peripheral blood 
mononuclear cell (PBMC) was examined using reverse transcription-quantitative PCR analysis. The correlations 
between the expression level of NAT10 in the New-Onset AS patients and disease activity of AS were examined, 
and receiver operating characteristic (ROC) curves were built to evaluate predictive value in AS. Univariate analysis 
and multivariate regression analysis were used to analyze the risk factors and construct predictive model.

Results  The mRNA expressions of NAT10 in PBMC from new-onset AS patients were significantly low and there 
were negative correlation between mRNA NAT10 and ASDAS-CRP, BASDIA in new-onset AS patients. ROC analysis 
suggested that mRNA NAT10 has value in distinguishing new-onset AS patients from HC, RA and SLE. Furthermore, 
a novel predictive model based on mRNA NAT10 and neutrophil percentages (N%) was constructed for distinguish-
ing new-onset AS patients from HC (AUC = 0.880, sensitivity = 84.62%, specificity = 76.92%) and the predictive model 
correlated with the activity of new-onset AS. Furthermore, the predictive model could distinguish new-onset 
AS patients from RA and SLE (AUC = 0.661, sensitivity = 90.38%, specificity = 47.22%). Moreover, the potential predictive 
value of the combination of predictive model-HLA-B27 for AS vs. HC with a sensitivity of 92.86% (39/42), a specificity 
of 100.00% (52/52) and an accuracy of 96.81% (91/94) was superior to that of HLA-B27, which in turn had a sensitivity 
of 84.44% (38/45), a specificity of 100.00% (52/52) and an accuracy of 92.78% (90/97).

Conclusion  The present study suggested that the decreased mRNA NAT10 may play a role in AS pathogenesis 
and predictive model based on mRNA NAT10 and N% act as bioindicator for forecast and progression of diseases.
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Introduction
Ankylosing spondylitis (AS) is a type of rheumatic dis-
ease that leads to systemic inflammation and osteogen-
esis, and is a highly disabling and destructive type of 
arthritis [1]. AS attack mostly young people and affect 
0.09%-0.3% of the global population [2]. Although the AS 
pathogenesis is mainly involved in the combined effects 
of environmental triggers, infection, genetic susceptibil-
ity, and immune disorders, the concrete pathogenesis is 
still unclear [2]. Due to the limited understanding of dis-
ease pathogenesis, there is no diagnostic test specific to 
AS and there is still a lack of specific therapeutic targets 
for AS, which usually cause a delay in onset diagnosis for 
AS and cannot get effective treatment in time [3, 4].

N4-acetylcytidine (ac4C) is a highly conserved modifi-
cation of RNA. N-acetyltransferase 10 (NAT10) increased 
the formation of ac4C on Erna, Erna, and mRNA, thereby 
maintaining the accuracy of protein translation and sta-
bilizing the mRNA [5]. NAT10 involves in multiple bio-
logical function via its acetyltransferase activity, such 
as apoptosis, pyroptosis, proliferation, metastasis, and 
autophagy [6–11]. Interestingly, the prognostic and 
immunological role of NAT10 have been observed in 
multiple tumors [12]. Remarkably, aberrant NAT10 and 
the ac4C levels also contributes to infectious diseases 
including HIV and influenza A virus infection [13, 14]. 
Moreover, several studies also show that level of NAT10 
are associated with inflammatory responses and systemic 
lupus erythematosus (SLE) [15, 16]. All these studies 
demonstrate the multi-functionality of NAT10. How-
ever, the role of NAT10 in AS pathogenesis is still poorly 
elaborated.

In the present study, we firstly determined the mRNA 
expression of NAT10 in peripheral blood mononuclear 
cell (PBMC) from patients with new onset AS and eval-
uated its clinical significance. We demonstrated that 
the mRNA level of NAT10 in PBMC from patients with 
new onset AS was significantly decreased than that in 
healthy controls (HC), rheumatoid arthritis (RA) and 
SLE, and decreased NAT10 negatively correlated with 
the activity of AS. Further research showed that the 
predictive model based on NAT10 and neutrophil per-
centages (N%) exhibited a better predictive value for 
distinguishing patients with new-onset AS from HC 
with the area under the curve (AUC) = 0.880 and the 
predictive model positively correlated with the activity 
of AS. And, the predictive model showed a certain pre-
dictive value for distinguishing patients with new-onset 
AS from RA + SLE. Furthermore, the combination of 

predictive model (mRNA NAT10-N%) and HLA-B27 
could further improve the diagnostic value. Thus, our 
findings have proved that NAT10 involved in the patho-
genesis and was an independent predictive biomarker 
of new-onset AS.

Materials and methods
Sample subjects
Potential sample subjects including AS who fulfilled the 
modified New York 1984 criteria for AS [17], and age 
or sex-matched healthy control (HC) without autoim-
mune diseases and free of other inflammatory condi-
tions for this study were consecutively enrolled from 
the First Affiliated Hospital of Nanchang University. 
Those AS patients with other inflammatory, autoim-
mune, or hormonal diseases, cancers, or mental dis-
orders, were excluded. All AS patients were new-onset 
that was diagnosed for the first time and had not yet 
used immunosuppressive agents or corticosteroids 
prior to recruitment. In addition, RA patients fulfilled 
the revised ACR criteria for RA [18] and SLE patients 
fulfilled the revised ACR criteria for SLE [19] were 
recruited from the First Affiliated Hospital of Nanchang 
University as autoimmune disease control. All study 
protocols complied with the principles outlined in the 
Declaration of Helsinki and was approved by the Ethics 
Committee of The First Affiliated Hospital of Nanchang 
University (approval no. (2023) CDYFYYLK(01–057)).

Collection of peripheral blood mononuclear cell samples 
and RNA extraction
Over the course of the study, the trained staff collected 
all subjects and their clinical and laboratorial infor-
mation. To isolate peripheral blood mononuclear cell 
(PBMC), fasting blood (3  mL) was collected from the 
elbow vein into EDTA-coated tubes and then the PBMC 
was isolated using previously-reported protocols [20]. 
Thereafter, the determination of cell concentrations in 
each isolated sample, 2 × 106 PBMC/patient were incu-
bated with a 0.75  ml TRIzol reagent (Invitrogen Bio, 
Waltham, MA, United States) and total RNA was then 
extracted according to manufacturer protocols. RNA 
integrity and quantity from AS patients and HC were 
determined (using A260/A280 and A260/A230 ratios) 
by a NanoDrop ND-1000 spectrophotometer (Invitro-
gen Bio, Waltham, MA, United States). The final iso-
lates were each then stored at -80℃ until PCR analyses.
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Reverse transcription‑quantitative PCR analysis
The cDNA samples were acquired from 1  g total RNA/
isolate by a reverse transcription reaction using a Prime-
Script RT kit (Takara Bio Inc., Kyoto, Japan).

Thereafter, the product was used as a template for PCR 
in an ABI 7500 Real-time PCR System (Invitrogen, Cali-
fornia, USA) that employed SYBR Premix Ex TaqTM 
II (Takara Bio Inc., Kyoto, Japan). And the protocol for 
the PCR assays was as follows: initial denaturation step 
at 95℃for 5  min, followed by 40 cycles of 15  s at 95℃ 
(denaturation), 1  min at 60℃ (annealing and elonga-
tion), and 2 min at 72℃ (final extension). The primers of 
NAT10 (F: 5’GGG​ATT​GGC​CTG​CAG​CAT​A3’, R: 5’GGC​
TCC​ATG​ACC​ACA​TCC​TT3’) used in the present study 
were designed by Primers 5 software, verified by primer-
BLAST and synthesized by Shanghai Shenggong. In 
each subject, GADPH (F: 5’TGC​ACC​ACC​AAC​TGC​
TTA​GC3’, R: 5’GGC​ATG​GAC​TGT​GGT​CAT​GAG3’) 
was used as an internal control. For all subjects, relative 
NAT10 expression was derived using the 2−ΔΔCt compar-
ative threshold cycle method [8, 21].

Clinical assessments and laboratory indexes
Blood samples from the EDTA tubes were used to detect 
blood routine parameters of AS patients and HC by a 
Sysmex XE-2100 analyzer (Sysmex Bio, Kobe, Japan), 
including the white blood cell counts (WBC), lympho-
cyte counts (L) and percentages (L%), monocyte counts 
(M) and percentages (M%), neutrophil counts (N) and 
percentages (N%), red blood cell counts (RBC), hemo-
globin (HGB), hematocrit (HCT), platelet count (PLT), 
plateletcrit (PCT), mean platelet volume (MPV), and 
platelet distribution width (PDW). Erythrocyte sedi-
mentation rate (ESR) was examined by an Automatic 
ESR analyzer TEST1 system (ALIFAX Bio, Udine, Italy). 
The IMMUNE 800 system (Beckman Coulter, San Jose, 
CA, United States) was used to evaluate serum levels of 
CRP from AS patients. The negative or positive results of 
human leukocyte antigen-B27 (HLA-B27) were acquired 
using HLA-B27 nucleic acid detection kit (fluorescent 
PCR method) (Suzhou Tianlong Biotechnology Co., LTD, 
China) on ABI 7300 Real-time PCR System (Invitrogen, 
California, USA). The disease activity of AS was evalu-
ated by the AS Disease Activity Score-C reaction protein 
(ASDAS-CRP), the Bath AS Disease Activity Index (BAS-
DAI), and the Bath AS Functional Index (BASFI) [22, 23].

Statistical analysis
All data are expressed in terms of means ± SE. Statistical 
analysis was performed using GraphPad Prism (version 
5.0; GraphPad Software, Inc.) and SPSS (version 16.0; 
SPSS, Inc.). A Student’s t-test or a Mann–Whitney U-test 

was used to compare the differences in NAT10 expression 
and blood routine parameters between groups accord-
ing to the normality. The Spearman method was used for 
correlation analysis. Risk factors analysis was performed 
using univariate analysis and multivariate regression 
analysis. Receiver operating characteristic (ROC) curves 
were performed to evaluate the predictive efficiency of 
NAT10, blood routine parameters and predictive model. 
A two-sided P < 0.05 was considered to indicate statistical 
significance.

Results
Characteristics of the study subjects
A total of 144 subjects were recruited in the present study 
from Jul 2020 to Nov 2023, including 56 patients with 
new-onset AS, 52 HC, 20 RA and 16 SLE subjects. The 
demographic characteristics of new-onset AS, HC and 
RA + SLE subjects are provided in Table 1. No significant 
differences were noted between patients with new-onset 
AS and HC subjects regarding age or sex. Autoimmune 
disease control (Patients with SLE and RA) and AS were 
not age or sex-matched due to the difference in age or sex 
of onset of the these diseases (the incidence of RA was 
high among women 50–60 years of age and the incidence 
of SLE was high among women 20–40 years of age, while 
that of AS was high among men of 10–40 years of age). 
Moreover, the WBC, PLT, PDW, N and N% were signifi-
cantly increased in the new-onset AS as compared with 
those in HC subjects, while the HGB, HCT, MPV, L, 
L% and M% were significantly decreased (all P < 0.0500; 
Table  1). When compared to RA + SLE, the RBC, HGB, 
HCT, L and L% were significantly increased in the new-
onset AS, while the PDW and N% were significantly 
decreased (all P < 0.0500; Table 1).

The expression of mRNA NAT10 in peripheral blood 
mononuclear cell from patients with new‑onset AS was low
The mRNA expression level of NAT10 in PBMC was first 
evaluated in patients with new-onset AS and the HC sub-
jects using qRT-PCR. A significantly lower expression of 
NAT10 was observed in the patient group with new-onset 
AS compared to the HC group (P = 0.0003; Fig. 1A). No 
association was noted between mRNA expression level of 
NAT10 and age or sex in patients with new-onset AS or 
HC subjects (all P > 0.0500; Fig. 1B-E).

Decreased mRNA NAT10 expression in peripheral 
blood mononuclear cell correlates with disease activity 
of new‑onset AS
To explore whether the mRNA expression level of NAT10 
in PBMC from patients with new-onset AS could be used 
to assess disease activity, Spearman correlation test was 
used to investigate the relationship between the mRNA 
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expression level of NAT10 and clinical characteristics 
including ASDAS-CRP, BASDAI, BASFI, CRP, ESR, ECR, 
WBC, RBC, HGB, HCT, PLT, MPV, PCT, PDW, L, L%, 
M, M%, N, N%. The decreased mRNA expression level 
of NAT10 in PBMC from patients with new-onset AS 
was found to correlate with ASDAS-CRP (rs = -0.3209, 
P = 0.0180; Fig.  2A), BASDIA (rs = -0.3358, P = 0.0114; 
Fig. 2B). However, the decreased mRNA expression level 
of NAT10 in PBMC from patients with new-onset AS did 
not correlate with other clinical characteristics that indi-
cates the activity of the disease (data no shown).

HLA-B27 is the primary laboratory index to diagnose 
AS. Among the 56 patients with AS, 45 patients were 
tested for HLA-B27 and 38 patients were positive. Then, 
we explored the the association between the decreased 
mRNA expression level of NAT10 in PBMC from 
patients with new-onset AS and HLA-B27. However, no 
difference was found between HLA-B27 positive patients 
with new-onset AS and HLA-B27 negative patients with 
new-onset AS in the mRNA expression level of NAT10 
(data no shown). Furthermore, the relationship between 

the mRNA expression level of NAT10 in HLA-B27 posi-
tive patients with new-onset AS and the above clinical 
characteristics was determined. The decreased mRNA 
expression level of NAT10 in PBMC from HLA-B27 posi-
tive patients with new-onset AS was found to correlate 
with ASDAS-CRP (rs = -0.3329, P = 0.0441; Fig.  3A), 
BASDIA (rs = -0.3332, P = 0.0409; Fig.  3B), BASFI 
(rs = -0.3383, P = 0.0378; Fig. 3C).

Using NAT10 and routine laboratory indicators 
for predicting patients with new‑onset AS from HC
Therefore, a ROC curve was drawn to assess the potential 
predictive value of the mRNA expression level of NAT10 
in PBMC for new-onset AS, and the values showed that 
the area under the ROC curve (AUC) for distinguishing 
new-onset AS from HC was up to 0.702 [95% CI = 0.604–
0.800; P = 0.0003], with a cutoff value of < 0.5212, a sensi-
tivity of 48.21%, and a specificity of 90.38% (Fig. 4).

As shown in Table  2, in all routine laboratory indica-
tors, the AUC of L% and N% for distinguishing new-
onset AS from HC was higher than 0.800. To determine 

Table 1  Demographic characteristics of new-onset AS, HC and RA + SLE subjects

AS ankylosing spondylitis, ASDAS AS Disease Activity Score, BASDAI Bath AS Disease Activity Index, BASFI Bath AS Functional Index, CRP C reaction protein, ESR 
erythrocyte sedimentation rate, HC healthy control, HCT hematocrit, HGB hemoglobin, HLA-B27 human leukocyte antigen-B27, L lymphocyte counts, L% lymphocyte 
percentages, M monocyte counts, M% monocyte percentages, MPV mean platelet volume, N neutrophils counts, N% neutrophil percentages, PCT plateletcrit, PDW 
platelet distribution width, PLT platelet count, RA rheumatoid arthritis, RBC red blood cell counts, SLE systemic lupus erythematosus, WBC white blood cell counts
* P < 0.05, AS compared to HC
# P < 0.05, AS compared to RA + SLE

Demographic characteristics HC New-onset AS RA + SLE

Age (years) 32.56 ± 9.37 30.95 ± 10.55 50.67 ± 15.13#

Sex (male/female) 35/17 38/18 4/32#

ASDAS-CRP 2.87 ± 1.20

BASDAI 4.48 ± 1.80

BASFI 4.04 ± 1.51

HLA-B27 positive/total 0/52 38/45

CRP (mg/l) 18.86 ± 31.68

ESR (mm/h) 20.87 ± 21.93

WBC (109/l) 6.39 ± 1.15 7.27 ± 1.63* 7.26 ± 3.24

RBC (1012/l) 5.00 ± 0.45 4.87 ± 0.72 4.17 ± 0.47#

HGB (g/l) 150.65 ± 12.34 139.5 ± 16.28* 119.61 ± 17.88#

HCT (l/l) 0.45 ± 0.04 0.43 ± 0.05* 0.38 ± 0.05#

PLT (109/l) 243.02 ± 42.30 288.73 ± 80.33* 267.63 ± 114.89

MPV (fl) 10.55 ± 0.82 9.78 ± 1.07* 10.12 ± 1.36

PCT (%) 0.25 ± 0.04 0.28 ± 0.07 0.26 ± 0.09

PDW (fl) 12.66 ± 1.69 14.43 ± 2.40* 15.93 ± 0.89#

L (109/l) 2.24 ± 0.50 1.90 ± 0.48* 1.39 ± 0.67#

L (%) 35.50 ± 7.25 26.81 ± 5.92* 22.71 ± 7.02#

M (109/l) 0.45 ± 0.15 0.44 ± 0.13 0.43 ± 0.18

M (%) 6.70 ± 1.76 6.18 ± 1.72* 6.57 ± 2.34

N (109/l) 3.54 ± 0.91 4.78 ± 1.42* 5.33 ± 2.76

N (%) 55.02 ± 7.32 65.02 ± 7.17* 71.26 ± 8.64#
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the predictive model based on the combination of mRNA 
NAT10 and routine laboratory indicators for distinguish-
ing new-onset AS patients from HC, and with a view to 
the less number of subjects, we selected mRNA NAT10, 
L% and N% for further univariable and multivariable 
analyses. Based on multivariate analysis, mRNA NAT10 
and N% were selected as variables for predictive model 
(Table  3). Based on regression coefficients, a model 
was built to predict new-onset AS patients from HC as 

follow: P = 0.229*N%-0.786*NAT10-12.902. P, predic-
tive value. The value of each subject was reckoned, and 
a greater value would predict higher probability for new-
onset AS (Fig. 5A).

The predictive model based on combination of 
mRNA NAT10 and N% performed best in distinguish-
ing new-onset AS patients from HC with AUC of 0.880 
[95% CI, 0.816–0.944] (Fig.  5B), which was superior 
to mRNA NAT10 (Fig. 4) and N% (Table 2). When the 

Fig. 1  Expression of mRNA NAT 10 in HC, AS and their association with sex, age. A AS patients had decreased mRNA NAT10 compared with HC. B 
The expression of mRNA NAT10 was similar in female and male from AS patients. C The expression of mRNA NAT10 was similar in female and male 
from HC. D The expression of mRNA NAT10 was not associated with age in AS patients. E The expression of mRNA NAT10 was not associated 
with age in HC. AS: ankylosing spondylitis, HC: healthy control, NAT10: N-acetyltransferase 10

Fig. 2  Correlation between the expression of mRNA NAT10 in PBMC from AS patients with disease activity. A The expression of mRNA NAT10 
in PBMC negatively correlated with ASDAS-CRP. B The expression of mRNA NAT10 in PBMC negatively correlated with BASDIA. AS: ankylosing 
spondylitis, ASDAS-CRP: AS Disease Activity Score-C reaction protein, BASDAI: Bath AS Disease Activity Index, NAT10: N-acetyltransferase 10, PBMC: 
peripheral blood mononuclear cell
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cutoff value of predictive model as -0.1876, the sensitiv-
ity was 84.62% and the specificity was 76.92%.

In addition, 45 patients were tested for HLA-B27 and 
38 patients were positive. All HC were tested for HLA-
B27 and were negative. Using the cutoff value for pre-
dictive model as -0.1876 and the result of the HLA-B27 
test, the potential predictive value of the combination 
of predictive model-HLA-B27 to distinguish patients 
with AS from HC was explored. It was showed that the 
combination model of predictive model-HLA-B27 was 
able to effectively discriminate patients with AS from 
HC with a sensitivity of 92.86% (39/42), a specificity 
of 100.00% (52/52) and an accuracy of 96.81% (91/94) 
(Table 4). The potential predictive value of the combi-
nation of predictive model-HLA-B27 for AS vs. HC was 
superior to that of HLA-B27, which in turn had a sensi-
tivity of 84.44% (38/45), a specificity of 100.00% (52/52) 
and an accuracy of 92.78% (90/97).

Fig. 3  Correlation between the expression of mRNA NAT10 in PBMC from HLA-B27 positive AS patients with disease activity. A The expression 
of mRNA NAT10 in PBMC from HLA-B27 positive AS patients negatively correlated with ASDAS-CRP. B The expression of mRNA NAT10 in PBMC 
from HLA-B27 positive AS patients negatively correlated with BASDIA. C The expression of mRNA NAT10 in PBMC from HLA-B27 positive AS patients 
negatively correlated with BASFI. AS: ankylosing spondylitis, ASDAS-CRP: AS Disease Activity Score-C reaction protein, BASDAI: Bath AS Disease 
Activity Index, BASFI: Bath AS Functional Index, HLA-B27: human leukocyte antigen-B27, NAT10: N-acetyltransferase 10, PBMC: peripheral blood 
mononuclear cell

Fig. 4  ROC analysis for the predictive value of the expression of mRNA NAT10. NAT10: N-acetyltransferase 10, ROC: receiver operating characteristic

Table 2  The performance of routine indicators

HCT hematocrit, HGB hemoglobin, L lymphocyte counts, L% lymphocyte 
percentages, M monocyte counts, M% monocyte percentages, MPV mean 
platelet volume, N neutrophils counts, N% neutrophil percentages, PCT 
plateletcrit, PDW platelet distribution width, PLT platelet count, RBC red blood 
cell counts, WBC white blood cell counts

Indicator AUC​ Sensitivity (%) Specificity (%) Cutoff

WBC 0.676 67.31 71.15 6.810

HGB 0.698 67.31 63.46 147.5

HCT 0.640 53.85 71.15 0.4345

PLT 0.688 44.23 94.23 302.5

MPV 0.723 59.62 80.77 9.950

PDW 0.743 63.46 92.31 15.35

L 0.699 57.69 78.85 1.885

L (%) 0.839 71.15 82.69 30.2

M (%) 0.653 67.31 63.46 6.35

N 0.769 71.15 80.77 4.02

N (%) 0.857 71.15 86.54 60.95
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The predictive model based on NAT10 and N% correlated 
with disease activity
To explore whether the predictive model based on 
NAT10 and N% could be used to assess disease activ-
ity of new-onset AS, a Spearman’s analysis was used 
to investigate associations between predictive value of 
predictive model and clinical characteristics, including 
ASDAS-CRP, BASDAI, BASFI, CRP, ESR, ECR, WBC, 
RBC, HGB, HCT, PLT, MPV, PCT, PDW, L, L%, M, M%, 
N, N%. More importantly, the high value of predictive 
model was found positively correlated with the clinical 
activity, as indicated by the ASDAS-CRP (rs = 0.3422, 
P = 0.0140; Fig.  6A), CRP (rs = 0.4020, P = 0.0035; 

Fig.  6B), WBC (rs = 0.4387, P = 0.0011; Fig.  6C), L 
(rs = -0.3143, P = 0.0232; Fig.  6D), L% (rs = -0.8415, 
P < 0.0001; Fig.  6E), N (rs = 0.6894, P < 0.0001; Fig.  6F), 
N% (rs = 0.8814, P < 0.0001; Fig. 6G).

Using NAT10 and predictive model for predicting patients 
with new‑onset AS from RA + SLE
Compared to RA and SLE patients, the mRNA expres-
sion level of NAT10 in PBMC was clearly decreased in 
new-onset AS patients (P = 0.0003; Fig.  7A). Moreover, 
ROC curve was drawn to assess the potential predic-
tive value of the mRNA expression level of NAT10 in 
PBMC for new-onset AS, and the results showed that 

Table 3  Univariable and multivariable analysis of risk factors correalted with new-onset AS

AS ankylosing spondylitis, L% lymphocyte percentages, NAT10 N-acetyltransferase 10, N% neutrophil percentages

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

L% -0.209 0.745–0.884  < 0.0001

N% 0.215 1.133–1.357  < 0.0001 0.200 1.009–1.478 0.040

NAT10 -0.651 0.331–0.822  < 0.0001 -0.790 0.262–0.786 0.005

Fig. 5  The predictive value based mRNA NAT10 and N%, and the ROC analysis. A The predictive value between AS patients and HC. B ROC analysis 
of predictive model. NAT10: N-acetyltransferase 10, N%: neutrophil percentages, ROC: receiver operating characteristic

Table 4  Predictive efficiency of predictive model-HLA-B27 for AS

AS ankylosing spondylitis, HLA-B27 human leukocyte antigen-B27, HC healthy control

A, predictive model > -0.1876 or HLA-B27 positive

  Categories Positive Negative sensitivity specificity accuracy

  AS (42) 39 3 92.86% (39/42) 100% (52/52) 96.81% (91/94)

  HC (52) 0 52

B, HLA-B27 positive

  Categories Positive Negative sensitivity specificity accuracy

  AS (45) 38 7 84.44% (38/45) 100% (52/52) 92.78% (90/97)

  HC (52) 0 52
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the AUC for distinguishing new-onset AS from RA and 
SLE patients was up to 0.723 (95% CI = 0.620–0.826, 
P = 0.0003; Fig. 7B), with a cutoff value of < 0.8078, a sen-
sitivity of 67.86%, and a specificity of 75.00%.

Subsequently, the value of each RA and SLE subject 
was reckoned based on predictive model: P = 0.229*N%-
0.786*NAT10-12.902, a lower value would predict 
higher probability for new-onset AS (Fig.  7C). And, 
the predictive model based on combination of mRNA 
NAT10 and N% could distinguish new-onset AS 
patients from RA and SLE patients with AUC of 0.661 
(95% CI = 0.541–0.782, P = 0.0104; Fig. 7D), with a cut-
off value of < 3.440, a sensitivity of 90.38%, and a speci-
ficity of 47.22%.

Discussions
To date, more and more number of RNA modifications 
have been reported such as N6 methyladenosine (m6A), 
3 pseudouridine, 5-methylcytidine, and ac4C, which 
involve in mRNA stability, splicing, transport, transcrip-
tion, and translation, affecting a variety of cellular and 
biological processes [24]. ac4C catalyzed by the NAT10 
plays important roles in mRNA stability and translation 
[25]. NAT10 is the firstly recognized RNA acetyltrans-
ferase that participates in multiple cellular biological 
processes. Recently, the association of the dysregulation 
of NAT10 and human diseases have been discovered. It 
has been found that a specific NAT10 inhibitor Remod-
elin could be used as a potential remedy for the 

Fig. 6  Correlation between predictive model and disease activity of AS. A The predictive model positively correlated with ASDAS-CRP. B The 
predictive model positively correlated with CRP. C The predictive model positively correlated with WBC. D The predictive model negatively 
correlated with L. E The predictive model negatively correlated with L%. F The predictive model negatively correlated with N. G The predictive 
model negatively correlated with N%. AS: ankylosing spondylitis, ASDAS: AS Disease Activity Score, CRP: C reaction protein, L lymphocyte counts, 
L%: lymphocyte percentages, N neutrophils counts, N%: neutrophil percentages, WBC: white blood cell counts
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Hutchinson-Gilford progeria syndrome [26]. Moreover, 
NAT10 dysregulation is correlated with various types of 
tumors, infectious diseases and inflammatory diseases 
[8, 26–28]. However, the relationship between NAT10 
dysregulation and the development of AS needs to be 
elucidated.

Guo et al. found that the mRNA expression of NAT10 
in CD4+T from peripheral blood was expressed differ-
entially in SLE patients versus HC [15]. However, little 
was known about the mRNA expression of NAT10 in 
peripheral blood in AS. The current study firstly exam-
ined mRNA expression of NAT10 in New-Onset AS 
patients and healthy counterparts by RT-PCR and found 
that NAT10 was significantly downregulated in PBMC 
from New-Onset AS patients. Our result and the study 
of Guo et  al. [15] demonstrated the level of NAT10 in 
immune cell from autoimmune disease, such as AS and 
SLE were expressed differentially. It has been theorized 
that immune cell dysfunction that govern AS are linked 
to alteration in the level of NAT10.

In accordance with other reports showing that the 
expression of NAT10 in immune cell correlated with 
disease severity [8], our study found that the decreased 

mRNA expression of NAT10 in PBMC of patients with 
new-onset AS negatively correlated with ASDAS-CRP 
and BASDIA, which indicated the activity of AS. Moreo-
ver, the decreased mRNA expression of NAT10 in PBMC 
from HLA-B27 positive patients with new-onset AS neg-
atively correlated with ASDAS-CRP, BASDIA and BASFI. 
These results indicated that the mRNA expression of 
NAT10 in PBMC may be used as markers for disease 
activity in new-onset AS, especially HLA-B27 positive 
patients with new-onset AS.

The early correct diagnosis of AS is important in order 
to decrease disease burden through early intervention to 
reduce disability experienced by many patients. It is well-
known that the diagnosis of AS depended on the patient’s 
history, clinical presentation, laboratory findings (HLA-
B27, ESR, CRP) and diagnostic imaging findings. How-
ever, early clinical presentation and imaging changes of 
many HLA-B27 (-) patients are atypical and acute phase 
reactants of these patients are not high, and HLA-B27 is 
present in healthy people [29], which brings enormous 
diagnostic challenges to us. Recently, some review iden-
tified NAT10 as a potential target for diagnosis, therapy, 
and prognosis in clinical application [11]. Furthermore, 

Fig. 7  The expression of mRNA NAT10, the predictive value based mRNA NAT10 and N% in RA + SLE, and their ROC analysis. A The expression 
of mRNA NAT10 in PBMC between patients with AS and patients with RA, patients with SLE. B ROC analysis of the expression of mRNA NAT10. C The 
predictive value between patients with AS and patients with RA, patients with SLE. D ROC analysis of predictive model. AS: ankylosing spondylitis, 
NAT10: N-acetyltransferase 10, N%: neutrophil percentages, PBMC: peripheral blood mononuclear cell, RA: rheumatoid arthritis, ROC: receiver 
operating characteristic, SLE: systemic lupus erythematosus
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evidence from Tao et al. [30] have discovered that NAT10 
was a significant player in Human head and neck squa-
mous carcinoma (HNSCC) and a promising predictive 
biomarker for HNSCC patients. This present study exam-
ined the potential predictive value of NAT10 for AS and 
data showed that the AUC for distinguishing new-onset 
AS from HC was up to 0.702 (a sensitivity of 48.21%, and 
a specificity of 90.38%) and the AUC for distinguishing 
new-onset AS from RA + SLE was up to 0.723 (a sensitiv-
ity of 67.86%, and a specificity of 75.00%). The fact that 
NAT10 plays a role in distinguishing new-onset AS from 
HC, RA + SLE and NAT10 correlates with disease activity 
raises the possibility that NAT10 might be utilized as a 
diagnostic, prognostic and therapeutic target for AS.

Recently, some researches testified that the combina-
tion of blood routine parameters and immunological 
indicators may use as predictive indicator for state, devel-
opment, and prognosis of diseases [31]. And our previ-
ous study manifested that the predictive model based on 
m6A RNA-binding proteins and blood routine param-
eters could be used to distinguish AS patients from HC 
[32]. Thus, we choose mRNA NAT10 and N% to set up 
a mathematical model for predicting AS according to 
univariable and multivariable analyses, and the predic-
tive model based on mRNA NAT10 and N% exhibit best 
value in distinguishing AS patients from HC with a AUC 
of 0.880, with a sensitivity of 84.62% and a specificity of 
76.92%, which was superior to mRNA NAT10 and N%. In 
addition, the predictive model based on mRNA NAT10 
and N% could distinguish new-onset AS patients from 
RA and SLE (AUC = 0.661, sensitivity = 90.38%, specific-
ity = 47.22%). Moreover, the predictive model based on 
mRNA NAT10 and N% correlated with clinical activity 
indicating by the ASDAS-CRP, CRP, WBC, L, L%, N, N%. 
These results indicated that mRNA NAT10 and N% have 
synergistic role on predicting AS and evaluating activity.

Since the most commonly used biomarker in AS is 
HLA-B27 for diagnosis. And the combination of newer 
genetic biomarkers and HLA-B27 can improve the diag-
nostic efficiency [33]. The potential predictive value of 
the combination of predictive model-HLA-B27 to distin-
guish patients with AS from HC was explored. And, the 
results showed that the combination model of predic-
tive model-HLA-B27 was able to effectively discriminate 
patients with AS from HC with a sensitivity of 92.86% 
(39/42), a specificity of 100.00% (52/52) and an accuracy 
of 96.81% (91/94), which was superior to that of HLA-
B27 with a sensitivity of 84.44% (38/45), a specificity 
of 100.00% (52/52) and an accuracy of 92.78% (90/97). 
These data indicated that the combination of predictive 
model (mRNA NAT10-N%) and traditional biomarkers 
could further improve the diagnostic value.

Finally, the study had some limitations needed to state. 
Firstly, we only recruited some subjects from one institu-
tion, which may generate some certain risk of deviation. 
Secondly, our study only recruited 20 patients with RA 
and 16 patients with SLE as autoimmune disease control 
may limit value of the predictive model based on mRNA 
NAT10 and N% in real clinical practice, due to N% also 
significantly rises in other inflammatory diseases excepts 
AS, RA, SLE. Thirdly, the level of ac4C modification and 
the functional role of decreased NAT10 in AS should be 
explored in future.

Conclusion
The current study firstly measured the mRNA expression 
of NAT10 in PBMC of AS, HC, RA, SLE and described 
that decreased mRNA NAT10 in PBMC correlated with 
disease activity of new-onset AS. Moreover, the predic-
tive model based on mRNA NAT10 and N% may act as 
bioindicator for forecast and progression of diseases. 
Furthermore, the combination of predictive model 
(mRNA NAT10-N%) and B27 could further improve the 
diagnostic value. The precise mechanisms underlying the 
functions of NAT10 in AS still need to investigate. There-
fore, the role of NAT10 in AS may provide insights into 
the pathogenesis of AS.
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