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Background: Immunological failure during pregnancy is considered one of the etiologies
of recurrent miscarriage (RM). The decreased production of mixed lymphocyte reaction-
blocking factors (MLR-Bf) may play a major role in this condition. Lymphocyte
immunotherapy (LIT), which induces the production of MLR-Bf, has been used in treating
RM patients since 1984. However, the effectiveness of LIT is currently being heatedly
debated. In addition to that, possible changes to the maternal immune system upon
induced MLR-Bf production by LIT remains unclear.

Objectives: To explore the possible impacts that MLR-Bf may have on the expression
of immune biomarkers and pregnancy outcomes, and deduce whether the prevention of
miscarriages is possible with LIT or MLR-Bf in RM patients.

Materials and Methods: \Women with previous early RM (eRM) were enrolled in this
retrospective study after they got pregnant again. LIT was implemented before pregnancy
and during the first trimester. MLR-Bf and immune biomarkers were checked as the
clinical routine. Patients were followed up until 12 gestational weeks. Levels of immune
biomarkers and successful pregnancy rates were compared between MLR-Bf~ group
and MLR-Bf* group stratified by LIT. Independent associations between LIT, or MLR-
Bf, and miscarriage were estimated. All data management and analysis were conducted
using SPSS 20.0.

Results: A total of 1,088 patients, 497 MLR-Bf~ (49 cases accepted LIT),
and 541 MLR-Bff(463 cases induced by LIT) were included in the study.
Percentage of Iymphocytes, the ratio of CD4+ T cells/lymphocytes, and
levels of some rheumatoid biomarkers (anti-U1-nRNP, anti-SAA-52kd, and
anti-CENOP B) were statistically higher in MLR-Bff group than in MLR-
Bf~ group among women without LIT. With LIT treatment the successful
pregnancy rate was statistically higher in MLR-Bft group than in MLR-Bf~ group
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(66.7% vs. 51.0%, P = 0.028) among women with LIT. Meanwhile, LIT was estimated to
have an independent negative association with miscarriage.

Conclusion: Upon LIT treament levels of immune biomarkers were different in women
with and without MLR-Bf when stratified by whether they received LIT. Not MLR-Bf, but
LIT, has an independent protective effect on miscarriage.

Keywords: unexplained recurrent miscarriage, MLB-Rf, rheumatoid biomarkers, successful pregnancy, maternal

immunity

INTRODUCTION

Recurrent miscarriage (RM) is one of the reproductive disorders.
In China, it is defined as two or more consecutive pregnancy
losses before 28 weeks of gestation. Early recurrent miscarriage
(eRM) refers to RM that happens within 12 weeks into pregnancy.
There are many causes of miscarriage (1-3). Unexplained RM
(uRM) is a condition of RM when the etiology of miscarriage
is unknown, and it is observed in 50%-75% of RM cases (4).
It is broadly accepted that uRM, especially eRM is mainly
caused by a defective maternal immune reaction to the fetus (5),
with one of the etiologies believed to be decreased production
of mixed lymphocyte reaction-blocking factors (MLR-Bf) (6,
7). MLR-Bf is reported as an immunoglobulin G-3 with
protective effects for RM patients (8-10). Various mechanisms
have been proposed to explain the effectiveness of MLR-
Bf in preventing miscarriage. Some of the examples include
inhibition of matrix cytotoxic T lymphocytes and blocking
cell-mediated immunity(CMI) against fetal antigens (11, 12).
Although MLR-Bf can be produced naturally, the prevalence
of naturally produced MLR-Bf in Chinese women with RM is
<10% (13). Immune lymphocyte therapy (LIT) is an effective
treatment for uRM, as it leads to the production of MLR-
Bf (14-16). However, its protective effect on women with
RM has been controversial in recent years. Even though the
effectiveness of LIT on patients experiencing uRM has been
reported by several studies (17, 18), the definition for uRM
was not standardized, and the sample sizes for these studies
were small (19). So far, there is no consistent conclusion
for the indications for LIT. Besides, most patients with RM
struggles with more than one pathogenic factors (13). The
maternal immune system in the maternofetal interface deviates
the immune system toward a protective and tolerogenic response
(20). Since now, it is not clear whether MLR-Bf affects other
aspects of the maternal immune system as a circulative immune
protective antibody, or will it guide the maternal body to
an even more tolerant status toward the paternal antigen,
which may exacerbate underlying autoimmune diseases? For
example, the antinuclear antibody(ANA) causes damages to
the embryo and leads to adverse pregnancy outcomes, such
as miscarriage. This study is therefore designed to elucidate
the possible effects of MLR-Bf on the expression of immune
biomarkers and pregnancy outcomes and deduce whether
LIT or positive MLR-Bf can prevent miscarriages in patients
with RM.

PATIENTS AND METHODS

Patients

Women with previous early RM (eRM) were enrolled from
June 30, 2018 to June 30, 2020, in this retrospective study
after they got pregnant again. Those women were divided into
two groups according to whether they had MLR-Bf or not.
The inclusion criteria were (1) pregnant with eRM history; (2)
gestational age < 12 weeks, and (3) being tested for MLR-Bf.
The exclusion criteria were (1) previous experience of sporadic
early miscarriage; (2) abnormal embryo chromosomes of the
current pregnancy; (3) highest human chorionic gonadotropin
(HCQG) level of <50 U/L; and (4) lost to follow-up after hospital
discharge. A successful pregnancy is defined by one reaching
at least 12 weeks of gestation. All patients signed an informed
consent form. For patients with eRM history, it is a protocol in
our department for all their immune biomarkers to be tested
3 months before pregnancy and once pregnancy is determined.
This study was approved by the institutional review board
of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University
(No. SYSEC-KY-KS-2021-026).

Data Classification

Maternal Clinical Features

Demographic and Maternal Factors

For each pregnancy, the maternal age, weight, and height
of the women were recorded. These women were then
classified into three groups based on their body mass index
(BMI) that was calculated according to their weight and
height at the time of hospital admission (<18.5kg/m?, 18.5-
24kg/m?, and >24kg/m?). Regular menstruation was defined
as a regular menstrual cycle that ranges between 21 and
35 days, with the menstruation period lasting from 3 to 7
days, and no dysmenorrhea or irregular menstrual bleeding.
Assisted reproduction (including artificial insemination, in vitro
fertilization, and embryo transfer), multiple pregnancies, and LIT
were recorded as yes or no.

Reproductive History

The women were categorized into three groups based on previous
incidences of early miscarriages: 2, 3, and >4; while previous late
miscarriage and previous preterm delivery were classified into
two categories: 0 and >1.
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Medical History

Detailed medical histories of all patients were obtained, and
they were grouped into eight different categories based on
past conditions. (1) None: No disease was recorded. Those
patients were called women with uRM; (2) Endocrine disorders:
polycystic ovary syndrome, diabetes, insulin resistance, thyroid
dysfunction, hyperprolactinemia, hyperandrogenemia, adrenal
hyperplasia, and other endocrine diseases. (3) Autoimmune
disease: systemic lupus erythematosus, scleroderma, rheumatoid
arthritis, systemic vasculitis, dermatomyositis, and mixed
connective tissue disease. Antiphospholipid syndrome was
also classified in this category. (4) Female reproductive tract
infections: bacterial vaginosis, mycoplasma infection, chlamydia
infection, Candida vaginitis Trichomonas vaginitis, and
gonococcal vaginitis. (5) Uterine malformation: congenital
uterine dysplasia, uterine fibroids, endometrial adenomyosis,
endometriosis, endometrial polyps, and intrauterine adhesions.
(6) Chromosomal abnormalities in either spouse (not including
polymorphism). (7) Other diseases: diseases associated with
other systems or organs not mentioned above. (8) Multiple
diseases: More than one disease that was mentioned above.

Immune Biomarker Measurements
Abbreviations are used to describe the biomarkers,
and their reference values and categories are shown in
Supplementary Table 1.

MLR-Bf testing was performed with a Sysmex XN9000
and a Lambda Antigen Tray (ELISA). IgA, IgG, IgM, C3, C4,
kapp, lamb, IgE, CRP, ASO, RF, ADNaseB, and SAA testings
were performed on a SIEMENS BN II automatic protein
analyzer using the original matching kit (Nephelometry).
White blood cells, lymphocytes, B cells (CD3~CD197),
NK cells (CD37CD16TCD56%), CD4" T cells/lymphocytes
(CD3*tCD4%), CDS8'T cells/lymphocytes (CD3+TCD8™),
CD37CD41/CD37CD8*, and CIK cells (CD3TCD56%) were
tested using the BD FACSCanto II and BD Multitest 6-color
TBNK kit (flow cytometry). Anti-Ul-nRNP, anti-Sm, anti-
SSA-60kd, anti-Ro-52-52kd, anti-SSB, anti-Scl-70, anti-PM-Scl,
anti-JO-1, anti-CENOP B, anti-PCNA, ANuA, AHA, anti-RIB-P,
and AMA-M2 testings were performed using a AESKU HELIOS
and AESKUSLIDES ANA Hep-2 kit (IIFA). Tests for ANA, anti-
dsDNA IgG, and Anti_Clq were performed by a EUROBLOT
Master and the original matching kit (Euroline).

Lymphocyte Immunotherapy

The LIT protocol used in this study was published in a previous
study (15). Briefly, 50ml of peripheral blood was collected
from partners of the participants by venipuncture directly into
heparinized vials. Immediately after blood collection, peripheral
mononuclear white blood cells (WBCs) were aseptically
separated in the laminar flow by Ficoll-Hypaque gradient
centrifugation. WBCs were subsequently washed in saline and
resuspended in 1.0 ml of saline solution. Next, 80-100 million
WBCs were intradermally injected into the forearm of the
pregnant women (1.0 ml divided into five injections, side by
side). Injection will be administered every 2-4 weeks, with four
injections as a full course of treatment. After that, MLR-Bf was

checked to determine the level of production. All the women
with eRM who received LIT in this study were treated before
pregnancy, and conception will be suggested after one course if
MLR-Bf was confirmed positive, or after two courses regardless
of MLR-Bf results. Once pregnancy was confirmed, MLR-Bf was
checked for the patients, and LIT will be done every 1-2 months
up until 12 weeks into pregnancy as a routine in our department.

Statistical Analysis
Successful pregnancy rates were compared between the MLR-
Bf~ group and the MLR-Bf" group stratified by clinical features.
Levels of immune biomarkers were compared between the MLR-
Bf~ group and the MLR-Bf" group stratified by LIT. Continuous
variables were presented as mean =+ standard deviation, or
median with range (minimum, maximum). Categorical variables
were presented as numbers and percentages. Continuous data
were compared by Student’s -test, Wilcoxon test, or Mann-
Whitney U-test, as appropriate, whereas categorical variables
were compared using the Chi-square test or Fisher exact test. The
predictive contributions of maternal clinical features, immune
biomarkers, MLR-Bf, and LIT on miscarriage were analyzed
based on an estimation of the crude and the adjusted odds
ratios (ORs) from univariate logistic regression and multivariate
logistic regression. Variables with a P < 0.10 in the univariate
regression analysis were considered in the multivariate model
using forward stepwise. The possible effect on miscarriage due
to interactions between MLR-Bf and LIT was also analyzed and
considered in the multivariate logistic regression.

All statistical analyses were performed using the SPSS version
24.0 software (IBM Corp.). Values of P < 0.05 were considered to
be statistically significant.

RESULTS

Cohort Population

During the period fixed for this study, a total of 2,286 women with
eRM had been admitted to our hospital, and 1,038 of them were
included in this retrospective cohort study based on the inclusion
and exclusion criteria described (Figure 1). Of the 1,038 patients
that were chosen, 497 women were without MLR-Bf, 49 women
did not have induced MLR-Bf after LIT, 541 women had MLR-Bf,
and 78 women were with naturally produced MLR-Bf.

Maternal Clinical Features of Participating
Patients With and Without Mixed

Lymphocyte Reaction-Blocking Factors

The demographic, reproductive history, and medical history
of participating patients are shown in Table1. There were
no differences in clinical features between women from MLR-
Bf~ and MLR-Bff groups other than age and regularity of
menstruation period. The average age of women from MLR-Bf~
group was higher than that of MLR-Bf™ group, and fewer from
MLR-Bf~ group had regular menstruation when compared.
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(B=2286)

Pregnancy women who had MLR-Bf and other immune biomarkers tests

v

86 women with sporadic miscarriage

157 women with abnormal embryo chromosomes

| 292 Women whose highest HCG< 50u/L |

——’\ 713 women lost follow-up ]

v

Study cohort: 1038 recurrent miscarriage women

|

[ 541 MLR-Bf(+) }

v
78: MLR-Bf(+) 463:MLR-Bf(+)
&LIT(-) &LIT(+)

FIGURE 1 | Flowchart of the cohort study.

l
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Differences in the Immune Biomarker
Levels of Participating Patients With and
Without Mixed Lymphocyte
Reaction-Blocking Factors: Stratified by
Lymphocyte Immunotherapy

The percentage of lymphocytes, the ratio of CD4+ T
cells/lymphocytes, and levels of some rheumatoid biomarkers
(anti-U1-nRNP, anti-SAA-52kd, and anti-CENOP B) were
statistically higher in MLR-Bff group than in MLR-Bf~
group among women without LIT. The only percentage of
CD31CD56™ cells was statistically lower in patients with MLR-
Bf than in without MLR-Bf. No significant statistical differences
were identified among the other immune biomarkers when

comparisons were made between patients with and without
MLR-Bf when stratified by LIT (Table 2).

Differences in the Successful Pregnancy
Rates of Participating Patients With and
Without Mixed Lymphocyte
Reaction-Blocking Factors: Stratified by
Maternal Clinical Features and

Lymphocyte Immunotherapy

As shown in Table 3, the overall rate for successful pregnancy
was higher in the MLR-Bft group (51.7 vs. 65.2%, P <
0.001). When stratified by clinical features, it was noticed
that for women aged below 35, had a regular period, and
undergoing singleton pregnancy, with no medical history,

and after LIT, they achieve a higher successful pregnancy rate
in MLR-Bf* group than in MLR-Bf~ group. In addition to
that, higher successful pregnancy rates were also observed
in MLR-Bft group for all BMI categories. Although
showing no statistical significance, women in MLR-Bf"
group yielded higher successful pregnancy rates in other
categories as well.

Variables Related to Miscarriage in
Participating Patients: Univariate Logistic

Regression Analysis

The crude associations between maternal clinical
features/immune biomarkers and miscarriage were presented as
percentages/levels or crude ORs in Table 4. Crude ORs for age,
weight, BMI, multiple pregnancies, medical history, previous late
miscarriage, MLR-Bf, and LIT were statistically significant, while
NK cells (P = 0.062) and ds-DNA (P = 0.097) had a borderline
statistical significance.

Variables Related to Miscarriage in
Participating Patients: Multivariate Logistic

Regression Analysis

There were interactions between MLR-Bf and LIT on
miscarriage. All variables with significant crude predictive
contributions (P < 0.10) were investigated as independent
predictive contributors in multivariate logistic regression
models (Table 5). It was discovered that only age, BMI, and
LIT contribute as independent predictors of miscarriage. Age
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TABLE 1 | Clinical features of recurrent miscarriage in women with and without MLB-Rf (variables are presented as mean + SD or number/percentage).

Variables MLR-Bf ~ MLR-Bf * P-value
(N = 497) (N =541)
Age (year) 33.2 + 5.1 324+ 4.6 0.010
Height (cm) 159.1 £4.9 159.3 £4.9 0.679
BMI 224 +£39 227 +£34 0.164
Regular menstruation period
Yes 447 (89.9%) 505 (93.3%) 0.047
No 50 (10.1%) 36 (6.7%)
Assistant reproduction
Yes 119 (23.9%) 104 (19.2%) 0.064
No 378 (76.0%) 437 (80.8%)
Multiple pregnancies
Yes 23 (4.6%) 26 (4.8%) 0.892
No 464 (95.4%) 515 (95.2%)
Medical history
No 187 (37.6%) 220 (40.7%) 0.926
Endocrine disorders 70 (14.1%) 63 (11.6%)
Autoimmune disease 10 (2.0%) 14 (2.6%)
Infectious disease 8(1.6%) 10 (1.8%)
Uterine malformation 72(14.5%) 73 (13.5%)
Abnormal chromosome of the couple 5 (1.0%) 6 (1.1%)
Other diseases 43(8.7%) 47 (8.7%)
Multiple diseases 102 (20.5%) 108 (20.1%)
Previous early miscarriage
2 2583 (50.9%) 250 (46.2%) 0.514
3 144 (29.0%) 181 (33.5%)
>4 100 (20.1%) 110 (20.3%)
Previous late miscarriage
0 465 (96.7%) 513 (94.8%) 0.384
>1 32 (3.3%) 28 (5.2%)
Previous preterm birth
0 493 (99.2%) 536 (99.1%) 0.836
>1 4 (0.8%) 5(0.9%)
LIT
Yes 49 (9.9%) 463 (85.6%) <0.001
No 488 (90.1) 78 (14.4%)

as a risk factor had an adjusted OR of 1.079 per year (95% CL:
1.026-1.135). BMI was a protective factor with an adjusted
OR of 0.867 (95% CI: 0.816-0.922). LIT was estimated as an
independent protective factor, with an adjusted OR of 0.039
(95% CI: 0.243-0.633) (Cox & Snell R? = 0.130).

DISCUSSION

In this study, the possible effects of MLR-Bf on the expression
of immune biomarkers and pregnancy outcomes in women with
eRM were investigated along with the independent association
between LIT, or MLR-Bf, and successful pregnancy. It was
discovered that levels of immune biomarkers such as percentage
of lymphocytes, the ratio of CD4" T cells/lymphocytes,
Anti-SSA-60kd, and anti-CENOP B were higher in women
with naturally produced MLR-Bf, and the percentage of CIK

(CD3+tCD56™) cells was lower in women with LIT-induced
MLR-Bf. Successful pregnancy rates were higher in women with
MLR-Bf as well. Besides being higher, successful pregnancy rates
were discovered under certain specific maternal clinical features,
such as younger age, higher BMI, spontaneous conception,
singleton, and in those uRM women and in those who accepted
LIT. The percentage of NK(CD3~CD16"CD56™) cells was the
only immune biomarker, which found to be different between
women who had experienced miscarriage and women with
successful pregnancy. However, no independent association was
found between NK cells and miscarriage. Age was identified as a
risk factor for miscarriage, whereas BMI and LIT were protective
factors for the same.

During this study, some rheumatoid immune biomarkers
were noticed to be different in patients with and without MLR-Bf
when stratified by LIT. This is a field that is rarely investigated. It
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TABLE 2 | Comparison of immune biomarker levels between patients with (N = 541) or without (N = 497) MLR-Bf (biomarker levels are presented as mean + SD or

medians with lowest and highest values).

MLR-Bf~ MLR-Bf+ z P-value
No LIT N = 448 N = 78 (Naturally produced)
IgA (g/L) 2.25+0.77 2.3+£0.71 ~ 0.668
19G (g/L) 16.6 + 5.09 16.04 + 4.71 ~ 0.546
IgM (g/L) 1.37 £ 0.51 1.38 £ 0.47 ~ 0.914
C3 (mg/L) 1056.14 + 183.06 10561.93 + 180.53 ~ 0.920
C4 (mg/L) 224.50 + 74.46 232.27 £ 77.62 ~ 0.480
kapp (g/L) 3.75+1.16 3.64 + 1.06 ~ 0.605
lamb (g/L) 2.01 +0.55 2.01 +0.53 ~ 0.960
IgE (IU/mL) 33 (17.3,105.5) 32 (4.56, 636) ~0.290 0.772
C reactive protein (mg/L) 3.13(3.11, 3.14) 3.11(3.02, 13.20) ~1.400 0.162
ASO (IU/mL) 9.69 (9.50, 11.30) 9.69 (8.38, 11.30) ~0.122 0.903
RF (IU/mL) 87.8 (54.10, 143.00) 89.35 (49.4, 268.00) ~0.303 0.762
ADNaseB (IU/mL) 93.5 (71.13, 148) 99 (89.6, 247) ~0.509 0.611
SAA (mg/L) 7.05 (4.09, 12.38) 6.8 (2.37, 131) —0.415 0.678
White blood cells (10%/L) 7.14 +£3.87 7.55 +2.09 ~ 0.365
Lymphocytes (109/1) 1.90 + 0.97 2.25 + 0.70 ~ 0.003
T cells (CD3%, %) 73.2+6.42 73.78 £ 5.97 ~ 0.482
B cells (CD3-CD19F, %) 14.43 + 4.44 14.71 £ 4.24 ~ 0.626
NK cells (CD3-CD16+CD56™, %) 1213 £ 6.44 11.48 £ 5.71 ~ 0.435
CD4* T cells/lymphocytes (CD3TCD4™, 41.18 + 7.05 43.48 + 6.49 ~ 0.012
%)
CD8* T cells/lymphocytes (CD3*CD8™, 26.67 + 6.39 25.5 £+ 5.00 ~ 0.144
%)
CD3*+CD4+/CD3*TCD8* 1.7 £ 0.68 1.84 £ 0.60 ~ 0.075
CIK cells (CD3TCD56™, %) 2.37 £ 2.01 2.33+2.19 ~ 0.870
Anti-U1-nRNP 0.00 (0.00, 17.00) 1.00 (0.00, 15.00) —2.075 0.038
Anti-Sm 0.00 (0.00, 5.00) 0.00 (0.00, 9.00) —-0.270 0.787
Anti-SSA-60kd 0.00 (1.00, 56.00) 1.5(0.00, 84.00) ~2.163 0.031
Anti-Ro-52-52kd 0.00 (1.00, 83.00) 2.00 (0.00, 98.00) —0.945 0.345
Anti-SSB 0.00 (0.00, 40.00) 0.00 (0.00, 4.00) —0.680 0.497
Anti-Scl-70 0.00 (0.00, 34.00) 1.00 (0.00, 18.00) —0.723 0.470
Anti-PM-Scl 0.00 (0.00, 9.00) 0.5(0.00, 6.00) —0.768 0.442
Anti-JO-1 0.00 (0.00, 12.00) 0.00 (0.00, 4.00) —-0.214 0.830
Anti-CENOP B 0.00 (0.00, 8.00) 1.00 (0.00, 105.00) —2.040 0.041
Anti-PCNA 0.00 (0.00, 11.00) 1,00 (0.00, 10.00) —1.419 0.156
ANUA 0.00 (0.00, 15.00) 0.00 (0.00, 2.00) —-0.410 0.682
AHA 0.00 (0.00, 41.00) 0.00 (0.00, 55.00) —0.855 0.392
Anti-RIB-P 0.00 (1.00, 11.00) 1.00 (0.00, 14.00) —1.483 0.138
AMA-M2 0.00 (1.00, 33.00) 1.00 (0.00, 40.00) —0.598 0.550
ANA (S/CO value) 1.11+£0.74 1.28 £ 1.00 ~ 0.148
Anti-dsDNA IgG (IU/mi) 0.07 (3.68, 85.12) 4.65 (0.33, 195.5) ~0.373 0.709
Anti_C1q (U/mi) 0.34 (3.5, 64.89) 3.38 (0.01, 42.23) ~1.162 0.245
LIT N =49 N = 463(LIT induced)
IgA (g/L) 2.52 £ 0.87 2.26 +£0.78 ~ 0.133
19G (/L) 17.12 £ 4.54 16.79 £ 5.11 ~ 0.772
IgM (g/L) 1.46 £0.52 1.36 £+ 0.51 ~ 0.360
C3 (mg/L) 1,027.82 £ 139.57 1051.64 £ 177.14 ~ 0.540
C4 (mg/L) 223,55 + 57.12 228.77 + 84.07 ~ 0.775
kapp (g/L) 3.84 + 1.10 3.96+1.15 ~ 0.724
lamb (g/L) 2.04 +0.47 2.13+0.60 ~ 0.602

(Continued)
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TABLE 2 | Continued

MLR-Bf~ MLR-Bf+ z P-value

IgE (IU/ml) 37.50 (4.30, 236) 42.00 (4.00, 4300.00) —0.250 0.802
C reactive protein (mg/L) 3.13 (3.02, 8.26) 3.13(3.13, 20.50) -0.807 0.419
ASO (IU/ml) 9.69 (8.38, 148.00) 9.69 (9.01, 80.90) —0.169 0.866
RF (1U/ml) 91.50 (49.40, 394.00) 91.65 (43.0, 853) —0.073 0.942
ADNaseB (IU/ml) 106.00 (69.60, 622.00) 94.00 (50.52, 495) —0.573 0.570
SAA (mg/L) 7.40 (2.83, 89.10) 6.30 (2.83, 204.00) -0.777 0.437
White blood cells (10%/L) 7.36 + 3.30 7.54 +£3.24 ~ 0.721
Lymphocytes (10%/L) 2.07 £0.95 213+ 0.87 ~ 0.635
T cells (CD3*, %) 73.09 + 7.26 7218 £ 6.78 ~ 0.431
B cells (CD3~CD19%, %) 15.55 + 6.18 14.86 + 4.39 ~ 0.372
NK cells (CD3~CD16TCD56%, %) 11.35 + 5.41 13.24 +7.80 ~ 0.140
CD4* T cells/lymphocytes (CD3TCD4 ™, 40.66 + 7.39 40.8 £+ 6.69 ~ 0.905
%)

CD8* T cells/lymphocytes (CD3*CD8™, 25.75 +7.22 25.85 + 5.46 ~ 0.920
%)

CD3*CD4*/CD3*CD8* 1.73+0.63 1.72 £0.56 ~ 0.881
CIK cells (CD3"CD56%, %) 3.24 + 2.04 2.43 +1.90 ~ 0.013
Anti-U1-nRNP 0.00 (0.00, 4.00) 0.00 (0.00, 33.00) —-0.863 0.388
Anti-Sm 0.50 (0.00, 8.00) 0.00 (0.00, 20.00) —1.245 0.213
Anti-SSA-60kd 3.00 (0.00, 20.00) 1.00 (0.00, 56.00) —0.395 0.693
Anti-Ro-52-52kd 7.00 (0.00, 46.00) 3.50(0.00, 98.00) —0.064 0.949
Anti-SSB 0.00 (0.00, 4.00) 0.00 (0.00, 27.00) —0.431 0.667
Anti-Scl-70 1.00 (0.00, 2.00) 0.00 (0.00, 14.00) —0.660 0.509
Anti-PM-Scl 0.00 (0.00, 2.00) 0.00 (0.00, 15.00) -0.828 0.407
Anti-JO-1 1.00 (0.00, 4.00) 0.00 (0.00, 50.00) -0.272 0.786
Anti-CENOP B 1.00 (0.00, 2.00) 1.00 (0.00, 44.00) -0.123 0.902
Anti-PCNA 1.00 (0.00, 3.00) 0.00 (0.00, 15.00) —1.125 0.260
ANUA 0.00 (0.00, 1.00) 0.00 (0.00, 5.00) —-0.867 0.386
AHA 0.00 (0.00, 14.00) 0.00 (0.00, 45.00) —0.284 0.776
Anti-RIB-P 1.00 (0.00, 4.00) 0.50 (0.00, 50.00) —0.025 0.980
AMA-M2 1.50 (0.00, 21.00) 1.00 (0.00, 40.00) —0.231 0.817
ANA(S/CO value) 1.20 £ 0.68 1.32 £0.90 ~ 0.469
Anti-dsDNA IgG (IU/ml) 4.55(0.39, 17.51) 3.83(0.20, 39.51) -0.119 0.906
Anti_C1q (IU/ml) 3.56 (0.60, 9.29) 3.72(0.01, 53.77) -0.137 0.891

is well-known that a pregnancy complicated with rheumatologic
diseases may influence the fetus and/or neonate (21). Anti-SSA-
60kd is one of the biomarkers for Sjogren syndrome. Patients
with Sjogren syndrome (82% with anti-SSA) were reported
to suffer a higher rate of recurrent miscarriage (30% vs. 3%
of controls) (22). Anti-Ul1-nRNP and Anti-CENOP B are the
biomarkers for systemic sclerosis. Nevertheless, we failed to
acquire any published article that discusses the relationship
between these two antibodies and miscarriage, much less the
relationships between them and MLR-Bf. Anti-dsDNA is the
biomarker that is used in screening for the flare of systemic
lupus erythematosus (SLE). It has been demonstrated throughout
the past decades that women with anti-dsDNA face a higher
risk of adverse pregnancy outcomes, including miscarriage (23—
26). One retrospective study of 100 women with undifferentiated
connective tissue disease (UCTD) demonstrated that there was

a significant link between disease flare and both anti-dsDNA-
positive antibodies at baseline (P < 0.01) and disease activity
at the beginning of pregnancy (P < 0.01) (27). Besides, a
subgroup of CD4" T cells (CD4TCD25-Foxp™) seems to have
a significantly positive correlation with SLE activity or anti-
dsDNA titer (28). In our study, we found that among women
without accepted LIT, both lymphocytes and the ratio of CD41 T
cells/lymphocytes were higher in MLR-Bf* group than in MLR-
Bf~ group. We did not test CD4TCD25-Foxp™ cells, however,
combined with other rheumatoid biomarkers. We advised that
more attention should be paid for RM patients with diagnosed
SLE or UCTD. It is interesting to find that among women
who accepted LIT, CIK (CD37TCD56™) cells were lower in the
LIT-induced MLR-Bft group than in MLR-Bf~ group. CIK
(CD3*tCD56™) cells are a subgroup of natural killer T cells
(NKT). An abnormally high level of NKT was reported to
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TABLE 3 | Comparison of successful pregnancy rates between patients with and without MLR-Bf stratified by clinical features.

Variables (%, n/N) MLR-Bf~ MLR-Bf+ P-value
(N =497) (N = 541)

Advanced age(>35 years)

Yes 40.5 (77/190) 50.3 (83/165) 0.065

No 58.6 (180/307) 71.8 (270/376) <0.001
BMI

<18.5 35.3 (18/51) 64.6 (31/48) 0.008

18.5-<24 49.4 (174/352) 59.3 (214/361) 0.004
>24 69.1 (65/94) 81.8 (108/132) 0.027
Regular menstruation period

Yes 51.9 (232/441) 65.1 (329/505) <0.001

No 50.0 (25/50) 66.7 (24/36) 0.124
Assisted reproduction

Yes 60.5 (72/119) 65.4 (68/104) 0.452

No 48.9 (185/137) 65.2 (285/437) <0.001
Multiple pregnancies

Yes 78.3 (18/23) 80.8 (21/26) 0.828

No 50.4 (239/474) 64.5 (332/515) <0.001
Medical history

None 44.4 (83/187) 63.6 (140/220) <0.001

Endocrine disorders 65.7 (46/70) 61.9 (39/63) 0.648

Autoimmune disease 40.0 (4/10) 50.0 (7/14) 0.628

Infectious disease 37.5 (3/8) 70.0 (7/10) 0.168

Abnormal uterine anatomy 45.8 (83/72) 61.6 (45/73) 0.056

Abnormal chromosome of the couple 40.0 (2/5) 83.3 (5/6) 0.137

Other disease 55.8 (24/43) 72.3 (34/47) 0.102

Multiple diseases 60.8 (62/102) 70.4 (76/108) 0.144
Previous early miscarriage

2 56.9 (144/253) 69.2 (173/250) 0.011

3 50.7 (73/144) 60.8 (110/181) 0.119

>4 54.0 (54/100) 68.2 (75/110) 0.019
Previous late miscarriage

0 49.7 (231/465) 64.9 (333/513) <0.001

>1 81.3 (26/32) 71.4 (20/28) 0.370
Previous preterm birth

0 51.5 (254/493) 65.5 (351/536) <0.001

>1 75.0 (3/4) 40.0 (2/5) 0.294
LIT

Yes 51.0 (25/49) 66.7 (309/463) 0.028

No 51.8 (232/448) 56.4 (44/78) 0.450
Total 51.7 (253/497) 65.2 (353/541) <0.001

have associations with RM (29). Marianne found that a decline
in the number of elevated blood CD3*CD56" NKT cells in
response to intravenous immunoglobulin treatment correlates
with successful pregnancy (30). Our findings of decreased
CIK maybe one of the explanations for the higher successful
pregnancy rate in women without MLR-Bf group who received
LIT, as no difference was discovered between women with and
without MLR-Bf among those who did not receive LIT.
Although the effect of LIT and MLR-Bf remains controversial
with the mechanisms yet to be elucidated, the overall successful

pregnancy rates were found to be higher in MLR-Bf *
group and in women who had received LIT. In this present
study, both MLR-Bf and LIT were included to explore their
independent associations with miscarriage. This is something
rarely demonstrated before (31-33). With that, LIT was identified
as the sole contributor to the differences in successful pregnancy
rates. Women with eRM were stratified according to various
clinical features to explore the differences in successful pregnancy
rates between MLR-Bf~ group and MLR-Bf* group. These
differences serve as indicators of LIT. Due to the small subgroup
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TABLE 4 | Comparison of clinical features, Levels of immune biomarkers, MLR-Bf, and LIT between miscarriage women and successful pregnant women.

Variables Miscarriage Successful P-value Crude OR 95%Cl P-value
[N = 428, %, (n/N)] pregnancy
[N =610, %, (n/N)]
Clinical characteristics
Age (year) 34.0 +£5.3 32.0 +£3.3 <0.001 1.094 1.065-1.123 <0.001
Height (cm) 159.1 £ 4.6 159.3+ 4.9 0.659 0.986 0.983-1.002 0.421
BMI 21.9+ 34 23.0 + 4.1 <0.001 0.91 0.881-0.940 <0.001
Regular menstruation 8.6 (37/428) 8.0 (49/610) 0.442 0.923 0.591-1.442 0.725
period (Ref. No)
Assisted reproduction 80.6 (345/428) 77.0 (470/610) 0.669 1.238 0.913-1.680 0.170
(Ref. No)
Multiple pregnancies 2.3 (10/428) 6.4 (39/610) 0.002 2.885 1.409-5.784 0.004
(Ref. No)
Medical history (Ref. No)
Endocrine disorders 11.2 (48/428) 13.9 (85/610) 0.077 1.581 1.12-2.234 0.009
Autoimmune disease 3.0 (13/428) 1.8 (11/610) 1.082 0.687-1.705 0.733
Infectious disease 1.9 (8/428) 1.6 (10/610) 2.265 0.966-5.31 0.060
Uterine malformation 156.7 (67/428) 12.8 (78/610) 1.533 0.58-4.054 0.389
Abnormal chromosome of 0.9 (4/428) 1.1 (7/610) 1.646 1.067-2.539 0.024
the couple
Other disease 7.5 (32/428) 5.8 (568/610) 1.095 0.31-3.865 0.888
Multiple diseases 16.8 (72/428) 22.6 (138/610) 1.057 0.63-1.774 0.832
Previous early miscarriage (Ref. 2)
3 50.1 (127/253) 54.8 (137/250) 0.297 0.918 0.610-1.381 0.681
>4 34.0 (49/144) 28.7 (52/181) 1.186 0.766-1.838 0.445
Previous late miscarriage 3.3 (14/428) 7.6 (40/610) 0.019 2.412 1.308-2.446 0.005
(Ref. No)
Previous preterm birth 0.9 (4/428) 0.8 (5/610) 0.996 0.876 0.234-3.281 0.844
(Ref. No)
Immune biomarkers
I9A (g/L) 2.25 4+ 0.81 227 £0.74 0.705 0.994 0.978-1.239 0.960
19G (g/L) 16.08 £ 5.27 16.19 £ 4.84 0.798 0.996 0.963-1.030 0.797
IgM (g/L) 1.34 £ 0.50 1.40 +£ 0.51 0.134 0.819 0.583-1.148 0.246
C3 (mg/L) 1,043.09 + 167.33 1,059.64 + 188.52 0.287 1.000 1.000-1.000 0.615
C4 (mg/L) 224.87 + 75.43 229.07 + 81.06 0.536 1.000 0.999-1.001 0.674
kapp (g/L) 3.82+1.16 3.8+ 1.11 0.836 1.036 0.859-1.250 0.709
Lamb (g/L) 2.06 + 0.55 2.05+ 0.57 0.867 1.022 0.701-1.409 0.909
IgE® (IU/ml) 37.00 (4.30, 4,300.00) 34.00 (4.00, 1,130) 0.735 1.137 0.825-1.669 0.374
C reactive protein (mg/L) 3.11(3.02, 14.80) 3.13 (3.02, 34.8) 0.997 0.954 0.882-1.032 0.240
ASO (IU/ml) 89.35 (49.40, 540.00) 93.05 (49.40, 853.00) 0.522 0.999 0.997-1.001 0.309
RF (IU/mL) 9.69 (8.38, 148.00) 9.69 (8.38, 80.9) 0.794 0.996 0.972-1.021 0.737
ADNaseB (IU/mL) 96.50 (69.60, 1270.00) 96.00 (69.60, 622.00) 0.774 1.001 0.998-1.002 0.798
SAA® (mg/L) 7.40 (2.37, 215.00) 6.35 (2.37, 344.00) 0.025 1.252 0.722-2.171 0.423
White blood cells (109/L) 7.21 £3.45 7.45 + 3.48 0.261 0.978 0.944-1.015 0.238
Lymphocytes (10%/L) 2.02 + 0.94 2.05+0.9 0.669 0.971 0.848-1.111 0.669
T cells (CD3", %) 73.29 £ 6.21 7241 £6.91 0.068 1.020 0.996-1.043 0.101
B cells (CD3~CD197, %) 1457 £ 4.6 14.84 £ 4.70 0.433 0.985 0.953-1.018 0.379
NK cells 11.87 £ 6.25 13.01 + 7.41 0.026 0.979 0.958-1.001 0.062
(CD3~-CD16+CD56", %)
CD4* T cells/lymphocytes 41.42 £ 6.57 40.97 £ 7.01 0.367 1.009 0.988-1.031 0.400
(CD3*CD4*, %)
CD8* T cells/lymphocytes 26.36 + 6.13 25.94 £ 5.77 0.339 1.008 0.983-1.034 0.517
(CD3*CD8*, %)
CD3+CD4+/CD3*CD8* 1.71£0.58 1.73 £ 0.59 0.721 0.969 0.754-1.244 0.804
(Continued)
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TABLE 4 | Continued

Variables Miscarriage Successful P-value Crude OR 95%ClI P-value

[N = 428, %, (n/N)] pregnancy

[N =610, %, (n/N)]

CIK cells (CD3+CD56™, %) 2.47 £2.03 242 +£1.98 0.711 1.001 0.929-1.079 0.977
Anti-U1-nRNP® (Ref. 0.00 (0.00, 28.00) 0.00 (0.00, 33.00) 0.217 2.774 0.682-13.214 0.200
negative)
Anti-SmP (Ref. negative) 0.00 (0.00, 9.00) 0.00 (0.00, 20.00) 0.422 1.000 ~ ~
Anti-SSA-60kd® (Ref. 1.00 (0.00, 56.00) 1.00 (0.00, 84.00) 0.501 0.933 0.626-1.389 0.733
negative)
Anti-Ro-52-52kd° (Ref. 2.00 (0.00, 98.00) 2.00 (0.00, 98.00) 0.932 1.094 0.760-1.575 0.628
negative)
Anti-SSBP° (Ref. negative) 0.00 (0.00, 40.00) 0.00 (0.00, 4.00) 0.305 ~ ~ ~
Anti-Scl-70° (Ref. negative) 0.50 (0.00, 34.00) 0.00 (0.00, 18.00) 0.296 0.993 0.220-4.484 0.992
Anti-PM-SclP° (Ref. 0.00 (0.00, 9.00) 0.00 (0.00, 15.00) 0.655 ~ ~ ~
negative)
Anti-JO-1¢ (Ref. negative) 0.00 (0.00, 12.00) 0.00 (0.00, 50.00) 0.397 2.247 0.232-21.362 0.485
Anti-CENOP B° (Ref. 1.00 (0.00, 105.00) 1.00 (0.00, 44.00) 0.661 1.877 0.361-9.775 0.454
negative)
Anti-PCNA® (Ref. negative) 0.00 (0.00, 11.00) 0.00 (0.00, 15.00) 0.775 2.247 0.232-21.762 0.485
ANUAP® (Ref. negative) 0.00 (0.00, 15.00) 0.00 (0.00, 5.00) 0.678 ~ ~ ~
AHAS (Ref. negative) 0.00 (0.00, 55.00) 0.00 (0.00, 41.00) 0.068 0.669 0.289-1.549 0.384
Anti-RIB-P° (Ref. negative) 1.00 (0.00, 50.00) 1.00 (0.00, 20.00) 0.588 1.496 0.271-8.249 0.664
AMA-M2¢ (Ref. negative) 1.00 (0.00, 40.00) 1.00 (0.00, 40.00) 0.201 0.791 0.488-1.281 0.340
ANA (S/CO value) 1.16 £ 0.81 1.24 +0.86 0.303 0.902 0.733-1.111 0.331
Anti-dsDNA IgG (IU/ml) 3.78 (0.07, 52.53) 3.89 (0.20, 195.50) 0.538 0.979 0.954-1.004 0.097
Anti_C1q (IU/ml) 3.36 (0.01, 53.77) 3.77(0.60, 64.89) 0.083 1.001 0.972-1.032 0.931
MLB-Rf (Ref. negative) 43.9 (188/428) 57.9 (353/610) <0.001 0.570 0.444-0.732 <0.001
LIT (Ref. No) 41.6 (178/428) 54.8 (334/610) <0.001 0.588 0.458-0.755 <0.001

aAnalysis conducted on the log scale.
b Failed to analyze because of small sample size of positive cases.

Clevels of immune biomarkers were presented as medians with lowest and highest values, ORs were estimated by categorized variables, and the reference groups were “negative”.

sample size, no independent association was made between
medical history and miscarriage. However, we found that the
successful pregnancy rate of women without medical history,
which is considered uRM was higher in MLR-Bf* group than
in MLR-Bf~ group. This was consistent with other researchers.
One study of 140 women with uRM reported that the successful
pregnancy rate was 75.8% in women with MLR-Bf, and 30.0%
in women without MLR-Bf (P < 0.000001) (18). Furthermore,
in our study, we found that women with abnormal reproductive
tract anatomy who were MLR-Bff had a higher successful
pregnancy rate as well, with a borderline statistical significance
(P = 0.056). A larger sample size may yield a significant P-
value. Some immune biomarkers were identified to be differently
expressed in MLR-Bf~ group and MLR-Bff group too, but
no independent associations were discovered between those
biomarkers and miscarriage. To the best of our knowledge,
the patients who were involved in this study were all under
comprehensive treatments, so it was hypothesized for pregnancy
outcomes to be improved.

Non-serological indicators, such as infection factors for
their important roles in causing miscarriage and other adverse

TABLE 5 | Risk factors related to miscarriage in RM patients: multivariate analysis.

Ref OR 95% CI
Age (year) ~ 1.079 1.026-1.135
BMI ~ 0.867 0.816-0.922
LT No 0.392 0.243-0.633

*Interaction of MLR-Bf and LIT was also included in multivariate logistic regression model.

pregnancy outcomes, were not included in this study (34).
Besides, some subsets yielded small sample sizes that reduce the
reliability of the statistical analysis. These problems need to be
addressed for further studies.

In conclusion, LIT is an effective method to improve
pregnancy outcomes for women with eRM. However, patients
should be carefully selected. MLR-Bf* is linked to increased levels
of some rheumatoid biomarkers, which highlight the necessity
for those biomarkers and rheumatic diseases to be screened
before and after pregnancy for patients with eRM.
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