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Background

Previous studies primarily focused on the effects of ALT and virology, but there is a lack of research on the correlations of HBcrAg and pgRNA, two novel virologic markers, with immunological parameters in pregnant women with CHB undergoing prophylactic antiviral intervention.





Methods

We conducted a retrospective cohort study involving 28 HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention. Clinical data, virological markers (HBV DNA, HBsAg, HBeAg, HBcrAg and pgRNA) and 28 cytokines were detected at three time points: 24-28 weeks gestation (before prophylactic antiviral intervention), near birth and within 3 months postpartum.





Results

PgRNA was moderately (correlation coefficient between 0.4 and 0.6) positively correlated with Th1-type cytokines (IFN-γ, IL12p70, IL2, and TNF-α), Th17-type cytokines (IL21), Th2-type cytokines (IL10, IL4, and IL5), and cytokines regulating cell proliferation and differentiation (CTLA4, IL15, IL23, and TGF-β1) and moderately negatively correlated with EGF (correlation coefficient = -0.4), while ALT, HBV-DNA, HBsAg and HBcrAg were insignificantly correlated with cytokines at 24-28 weeks of gestation. Most cytokines tended to be elevated, with statistically significant increases observed only for the chemokines IP10 and MCP-1 during pregnancy. Most cytokines were significantly increased in postpartum women with virologic rebound after treatment discontinuation postpartum, but no significant change in the Th1/Th2 ratio. Changes in virologic markers were significantly correlated with cytokines. Immune activation was more pronounced in postpartum women who developed ALT flare compared to who did not, with Th1-type cytokines (especially IL12p40) and chemokines being main differential cytokines.





Conclusion

PgRNA was more closely correlated with cytokine profiles, and postpartum ALT flare may be the result of the interaction between Th1-type cytokines and chemokines.
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Highlights

	We first comprehensively characterized the dynamics of cytokine profile, as well as HBcrAg and pgRNA profiles, and their correlations in HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention.

	We found a closer correlation between pgRNA and cytokine profiles, compared to HBcrAg and traditional virologic markers HBsAg and HBV DNA.

	The immune status was relatively stable during pregnancy and showed immune activation postpartum, and changes in virologic markers were closely correlated with cytokines changes.

	Immune activation was more pronounced in patients developed ALT flare after discontinuing treatment postpartum, and postpartum ALT flare may be the result of the interactions between Th1-type cytokines and chemokines, and IL12p40 may be the most crucial cytokine.






1 Introduction

Mother-to-child transmission remains a major route of hepatitis B virus (HBV) transmission in China (1). Current guidelines recommend prophylactic antiviral intervention for pregnant women with chronic hepatitis B (CHB) who are HBeAg-positive or high viral loads (2–4). Previous studies primarily focused on the effects on ALT and virology, with limited exploration of immunology, especially cytokine profiles, following prophylactic antiviral intervention in pregnant women with CHB (5–7). Previous studies suggest that hormonal fluctuations during pregnancy influence the immune status (8, 9). Cytokines, as key mediators of immune responses, play a crucial role in HBV infection and life cycle (10). Therefore, investigating cytokine profiles may provide valuable insights into the immune status of pregnant women with CHB undergoing prophylactic antiviral intervention.

HBcrAg and pgRNA are novel virologic markers, and previous studies on these two markers have mainly focused on non-pregnant CHB patients (11, 12). Our previous studies explored HBcrAg and pgRNA profiles in pregnant women with CHB and assessed their potential value in predicting the decline of HBsAg after discontinuing treatment postpartum (13, 14). Chronic HBV infection is widely recognized as the result of viral-host immune interactions. Previous study indicated that pgRNA was correlated with Th1/Th2 immunity in non-pregnant patient with CHB (15). However, data on the correlations of HBcrAg and pgRNA, two novel virologic markers, with immunological parameters in pregnant women with CHB are still lacking.

Therefore, the study aimed to investigate the dynamics and correlations of cytokine profiles with HBcrAg and pgRNA in HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention.




2 Patients and methods



2.1 Study design and patients

We conducted a retrospective cohort study involving pregnant women with CHB enrolled at the outpatient clinic of the Department of Infection of the Second Affiliated Hospital of Chongqing Medical University between August 2015 and December 2019 with the following inclusion criteria: 1) Aged >18 years; 2) HBsAg positivity for > 6 months; 3) Pregnancy; 4) HBeAg positivity; 5) Received prophylactic antiviral intervention at 24-28 weeks of gestation; 6) Regular followed-up at 24-28 weeks of gestation, near birth, and within 3 months postpartum. Exclusion criteria: 1) Patients who initiated antiviral therapy pre-pregnancy; 2) Patients with comorbidities of other viral hepatitis (viral hepatitis A, C, D, and E) and human immunodeficiency virus (HIV) infection; 3) Patients with comorbidities of other liver diseases, such as liver fatty disease, autoimmune liver disease, etc.; 4) Patients with previous or existing decompensated cirrhosis and HCC; 5) Patients with other serious diseases in combination as assessed by the investigator; 6) Patients taking immunosuppressants or other medications that may affect the results of the study; 7) Patients with diseases assessed by the investigator as potentially affecting the results of the study. Supplementary Figure S1 shows the flowchart of enrolled patients, 2 patients continued treatment postpartum and 26 patients discontinued treatment within 12 weeks after delivery based on the wishes of the patient and the decision of the physician.

This study confirms to the ethical guidelines of the 1975 Declaration of Helsinki, was approved by the Ethical Committee of the Second Affiliated Hospital of Chongqing Medical University and registered with the Chinese Clinical Trial Registry (ChiCTR2100054116). We obtained written informed consents from all participants.




2.2 Data collection and laboratory testing

Demographic information including age, labor history, duration of gestation, time of labor, as well as the treatment details including treatment regimen, duration of treatment, and time of discontinuation were collected from the study participants.

Clinical data including serum ALT, HBsAg, HBeAg, HBV DNA HBcrAg, pgRNA and cytokine profile were detected at 24-28 weeks of gestation (before treatment), near birth, and within 3 months postpartum (The parameters were detected within 1 month after treatment discontinuation). Serum ALT levels were assessed using Hitachi 7600-020, Tokyo, Japan (ULN: 40 U/L). HBsAg quantifications were performed by Roche COBAS HBsAgII-Q and the lower limit of detection (LLD) is 0.05 IU/ml. HBeAg quantifications were performed by Abbott GmbH & Co. KG and the LLD is 0.59 PEIU/mL. HBV DNA levels were detected by Roche Amplicor/COBAS TaqMan HBV test v2.0 (Roche Molecular Diagnostics, Pleasanton, CA, USA) and LLD is 100 IU/ml. Serum samples stored at -80°C were used for detecting the levels of novel virologic markers (HBcrAg and pgRNA) and cytokine profiles. HBcrAg levels were detected by Lumipulse® G HBcrAg Fujirebiotech (Japan), with a LLD of 2.1 LogU/mL. PgRNA levels were detected by HBV RNA Quantitative Fluorescence Diagnostic Kit (Sansure Biotech Inc. China) with a LLD of 100 copies/mL.

Cytokines were detected by RayBiotech microarrays, including Th1-type cytokines: Interferon-Beta (IFN-β), Interferon-Gama (IFN-γ), Interleukin 12p40 (IL12p40), IL12p70, IL2, TNF-α (Tumor necrosis factor-α); Th2/Treg-type cytokines: IL4, IL5, IL6, IL10; Th17/Tfh-type cytokines: IL17, IL21, Inducible Synergistic Co-stimulation Molecules (ICOS); chemokines: Regulated upon Activation, Normal T cell Expressed and Secreted Expressed and presumably Secreted (RANTES), Macrophage Inflammatory Protein-1α (MIP-1α), Macrophage-Derived Chemokine (MDC), Monocyte Chemoattractant Protein-1 (MCP-1), Interferon γ Inducible Protein-10 (IP10), Growth-Related Oncogene (GRO), and cytokines regulating cell proliferation and differentiation: T cell Immunoglobulin domain and Mucin domain-3 (TIM-3), Transforming Growth Factor-β1 (TGF-β1), Programmed Death-1 (PD-1), IL23, IL18, IL15, Epidermal Growth Factor (EGF), Cytotoxic T Lymphocyte Associate protein-4 (CTLA4) and Cluster of Differentiation 40 Ligand (CD40L).




2.3 Outcome

The ALT flare is defined as > 2×ULN within 3 months postpartum, the ULN of ALT is 40 U/L. Viral rebound is defined as an increase in HBV DNA levels to more than 2000 IU/mL or an increase of more than 1 log10 from the lowest level (16).




2.4 Statistical analysis

Data are expressed as counts and percentages for categorical variables, and as mean (standard deviation) or median (range) for continuous variables. The student t-test or Mann-Whitney U-test was used for comparisons between continuous variables in different groups. Paired-samples t-tests or Mann-Whitney U tests were used for comparison between variables (ALT, HBsAg, HBV DNA, HBcrAg, pgRNA and cytokines) at different timepoints within groups. Discrimination Analysis (OPLS-DA) was used to compare the differential cytokines between the two groups, and cytokines with variables importance in the projection (VIP) values greater than 1 were displayed on the lollipop chart (17). Correlations between variables were analyzed by Spearman correlation analysis. Univariate and multivariate linear regression analyses were performed to identify the serum cytokines correlated with serum pgRNA, and cytokines with a p value less than 0.05 in univariate linear regression were enrolled in multivariate linear regression analysis. The correlation network diagram of variables was visualized by Cytoscape v.3.9.0 (18). Data were analyzed using SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and R version 4.3.1 software. Two-sided p values were calculated for all tests and a p value < 0.05 was considered statistically significant.





3 Results



3.1 The baseline characteristics of HBeAg-positive pregnant women with CHB

Table 1 shows the baseline characteristics of the enrolled pregnant women. The age of pregnant women ranged from 21-37 years old, 75.0% were younger than 30 years old. Most of the pregnant women had no parity history (82.1%), normal ALT levels (89.3%), and high viral loads (89.3%). Only one pregnant woman with CHB was diagnosed with compensated cirrhosis. Nine pregnant women received TDF prophylactic antiviral intervention at 24-28 weeks of gestation and 18 pregnant women received LdT prophylactic antiviral intervention, and 1 pregnant woman was switched to TDF treatment after 1 month of LdT treatment. A total of 92.9% pregnant women discontinued prophylactic antiviral intervention after delivery (26/28).


Table 1 | The baseline characteristics of HBeAg-positive pregnant women with CHB.






3.2 Overall dynamics of cytokine profiles and virologic markers in pregnant women undergoing prophylactic antiviral intervention

We analyzed the overall dynamics of cytokine profiles and virological markers in HBeAg-positive pregnant women with CHB during pregnancy and postpartum (Figure 1). During pregnancy, levels of HBsAg, HBV DNA, HBcrAg, pgRNA, and ALT significantly decreased, whereas during the postpartum period, levels of HBsAg, HBV DNA, and ALT significantly increased. However, no significant changes were observed in levels of HBcrAg and pgRNA during the postpartum period. Cytokine profiles tended to increase during pregnancy, with statistically significant increases observed only for chemokines MCP-1 and IP-10. While during the postpartum period, multiple cytokines significantly increased, including chemokines (MCP-1 and IP-10), Th1-type cytokines (IFN-γ, IL12p40, IL12p70, IL2, and TNF-α), Th17/Tfh-type cytokines (IL17 and IL21), Th2-type cytokines (IL10, IL5, and IL6) and other cytokines regulating cell proliferation and differentiation (CTLA4, IL15, IL23, PD-1, and TGF-β1), suggesting an immune flare postpartum.




Figure 1 | Overall dynamics in virologic markers and cytokine profiles during pregnancy and postpartum. The radiogram in (A) shows the dynamics in cytokine profiles at three time points, with different colors representing different time points. (B–F) shows the dynamics of ALT, HBsAg, HBV DNA, HBcrAg and pgRNA, respectively. Horizontal axis represents different time points, vertical axis represents ALT and different virological markers. p < 0.05 is marked by *, p < 0.01 is marked by ** and p < 0.001 is marked by ***.






3.3 Cytokine profile was closely correlated with pgRNA

To further investigate viral-immune interactions, we analyzed the correlations of cytokine profiles with traditional virologic markers (HBsAg and HBV DNA), and novel virologic markers (HBcrAg and pgRNA).

Before prophylactic antiviral intervention, HBsAg was significantly positively correlated with HBV-DNA, HBcrAg, and pgRNA. PgRNA was moderately (correlation coefficient between 0.4 and 0.6) positively correlated with multiple cytokines (Figure 2A), including Th1-type cytokines (IFN-γ, IL12p70, IL2, and TNF-α), Th17-type cytokines (IL21), Th2-type cytokines (IL10, IL4, and IL5), and cytokines regulating cell proliferation and differentiation (CTLA4, IL15, IL23, and TGF-β1) and was moderately negatively correlated with EGF (correlation coefficient = -0.4). While ALT, HBV-DNA, HBsAg and HBcrAg showed no significant correlation with cytokines. Furthermore, a network diagram based on the correlation coefficients between the variables (virologic markers and cytokines) revealed that pgRNA correlated more closely with the cytokine profile (Figure 2B). We further explored the biological processes, signaling pathways, and cytokine interactions involved in cytokines closely correlated with pgRNA (Supplementary Figure S2). To further confirm the correlations between cytokines and pgRNA, we performed the univariate and multivariate linear regression analyses. The results from the univariate linear regression analysis are consistent with the results of the Spearman correlation analysis. And multivariate linear regression analysis indicated that cytokines IFN-γ and IL4 were independently and negatively correlated with pgRNA, and IL10 was independently and positively correlated with pgRNA (Supplementary Table S1).




Figure 2 | Correlation of virologic markers and cytokine profiles at time of 24-28 weeks of gestation. (A, B) describe the correlations between virologic markers and cytokine profiles at time of 24-28 weeks of gestation. (A) The correlation heatmap only shows the correlation coefficients with statistical significance (p-values less than 0.05), the number in each square represents the correlation coefficient between two variables. The blue squares represent positive correlations and red squares represent negative correlations, and the darker the color, the stronger the correlation between two variables. (B) The correlation network diagram (visualized by Cytoscape) shows the correlation between virologic markers and cytokines and the variables in the center of the diagram indicating more complicated correlation with other variables. The red line and green line between the variables represent positive correlation, and negative correlation, respectively. The thickness of the lines represents the strength of the correlation, the thicker the line, the stronger the correlation.



We further investigated the correlations between the changes in cytokine profiles and the changes in HBcrAg and pgRNA after prophylactic antiviral intervention. Changes in HBsAg were significantly positively correlated with changes in HBV DNA and negatively correlated with changes in cytokines GRO, RANTES, IL17, and EGF. Changes in HBcrAg were significantly positively correlated with changes in PD-1 and negatively correlated with changes in TGF-β1. Additionally, changes in pgRNA were significantly negatively correlated with changes in cytokines RANTES, IL4, CTLA4, and IL15. However, changes in ALT and HBV DNA were not significantly correlated with changes in cytokines. The above results indicated that cytokine profiles during pregnancy in HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention closely correlated with virologic changes (Figure 3A).




Figure 3 | Heatmap of correlation between changes in virologic markers and cytokine profiles during pregnancy and postpartum. (A, B) describe the correlation between changes in parameters during pregnancy and patients experienced viral rebound postpartum, respectively. The correlation heatmap only shows the correlation coefficients with statistical significance (p-values less than 0.05), the number in each square represents the correlation coefficient between two variables. The blue squares represent positive correlations and red squares represent negative correlations, and the darker the color, the stronger the correlation between variables.






3.4 Changes in virologic markers closely correlated with cytokine profiles in postpartum women who experienced virologic rebound

Twenty-six postpartum women discontinued treatment, of whom 24 experienced virologic rebound. We found that levels of ALT, HBsAg, HBV DNA and pgRNA after discontinuing treatment postpartum were significantly increased compared to levels at the time of near birth, except for HBcrAg, which showed no significant increase. In addition, levels of ALT and HBsAg were even increased over the levels before prophylactic antiviral intervention, while levels of HBV DNA and pgRNA were returned to the levels before prophylactic antiviral intervention (Supplementary Figure S3). Most cytokines were significantly increased after discontinuing treatment postpartum (Figure 4A), including cytokines regulating cell proliferation and differentiation (PD-1, IL23, IL18, and CTLA4), Th2/Treg-type cytokines (IL5, IL6, and IL10), Th17/Tfh-type cytokines (IL17 and IL21), Th1-type cytokines (IFN-γ, IL12p40, IL12p70, IL2, and TNF-α) and chemokines (MCP-1 and MDC). Further analysis showed no significant change in the Th1-type/Th2-type cytokine ratio (Figure 4B). The Wayne diagram indicated the cytokine that were significantly changed during pregnancy and after discontinuing treatment postpartum (Figure 4C).




Figure 4 | Dynamics in cytokine profiles and Th1/Th2 ratio in patients who experienced viral rebound. (A) The horizontal axis represents the levels of cytokines (log2 transformed), the vertical axis represents different cytokines; Green, red and blue represents 24-28 weeks of gestation, near birth and postpartum, respectively; Black * represents comparisons between 24-28 weeks of gestation and near birth; orange * represents comparisons between 24-28 weeks of gestation and postpartum, and purple * represents comparisons between near birth and postpartum. (B) The horizontal axis represents different time points, and the vertical axis represents the ratio of Th1/Th2-type cytokines. (C) Purple represents the comparison between 24-28 weeks of gestation and near birth, blue represents the comparison between 24-28 weeks of gestation and postpartum, and green represents the comparison between near birth and postpartum. Red and black fonts represent higher and lower level of cytokines at the latter timepoint compared to the previous timepoint, respectively. Bolded font represents cytokines that changed in all three comparisons. P < 0.05 is marked by *, P < 0.01 is marked by **, and P < 0.001 is marked by ***.



We proposed to explore the role of cytokine profiles in viral rebound. Therefore, we analyzed the correlation between the changes of cytokine profiles and virologic markers. The change in ALT was positively correlated with the change in IL4 and negatively correlated with the change in pgRNA. The change in HBsAg was positively correlated with the changes in HBV DNA and IL12p40. The change in HBV-DNA was positively correlated with the changes in MIP-1α and CD40L and the change in HBcrAg was positively correlated with the change in MDC, whereas the change in pgRNA was not significant correlated with the changes in cytokines (Figure 3B).




4.5 Cytokine profiles varied in different populations of pregnant women with CHB

To further confirm the differences in cytokine profiles and dynamics in pregnant women with different characteristics, we performed subgroup analyses to characterize differences in cytokine profiles and dynamics during pregnancy and postpartum after treatment discontinuation in pregnant women with CHB, based on age, parity history, and antiviral regimens (Figure 5). There were no significant differences in cytokine profiles among pregnant women regarding age, except that a higher level of MIP-1α was found in patients older than 30 years old at postpartum period compared to those younger than 30 years old. Cytokine increases were more pronounced in pregnant women younger than 30 years old during pregnancy and postpartum period compared to those older than 30 years old. Pregnant women with CHB with parity history had lower MIP-1α levels at 24-28 weeks of gestation, but higher MIP-1α levels after discontinuing treatment postpartum compared to those without parity history. Cytokine profiles changes were more pronounced after discontinuing treatment postpartum in pregnant women with CHB without parity history compared to those with parity history. In addition, we found significant differences in cytokine profiles between pregnant women received different antiviral regimens. The effect of TDF administration on cytokine profile during pregnancy in pregnant women with CHB was more pronounced than that of LdT administration, showing significant increases in the levels of MCP-1, IFN-β, IFN-γ, IL2, IL21, and IL23. Moreover, the two antiviral drugs had different effect on the dynamics of cytokine profiles after discontinuing treatment postpartum.




Figure 5 | Subgroup analysis of cytokine profile differences. (A) The heatmap visualized by Sangerbox (31) describes cytokine profile difference regarding age, parity history, treatment regimen, ALT flare at three time points. Red represents high levels of cytokines, the darker the color, the higher the level, and blue represents low levels of cytokines, the darker the color, the lower the level. (B) The score plot analyzed by OPLS-DA between patients developed ALT flare and who did not (R2X=0.499, R2Ycum=0.573, Q2 = 0.226). (C) VIP (variables important in the projection) values, explaining the extent to which a variable contributes to the projection, normally used as a criterion to identify variables important to the discrimination method developed.






3.6 Postpartum ALT flare exhibited immune activation

Previous studies indicated that postpartum ALT flare may be closely related to immune changes. In this study, the incidence of postpartum ALT flare after discontinuing treatment was 42.3% (11/26). We compared the difference and changes of virologic markers and cytokine profiles in pregnant women regarding postpartum ALT flare in order to explore the virologic markers and cytokines that may be correlated with the development of postpartum ALT flare (Supplementary Figure S4).

Levels of HBcrAg and pgRNA significantly decreased during pregnancy in pregnant women who did not develop ALT flare, while levels of HBsAg significantly increased after discontinuing treatment postpartum in pregnant women who developed ALT flare. The dynamics of HBV DNA were consistent between the two groups, showing a significant decrease during pregnancy and a significant increase after discontinuing treatment postpartum, returning to levels at 24-28 weeks of gestation. Levels of ALT were significantly increased after discontinuing treatment postpartum regardless of the development of ALT flare, while a higher level of ALT was observed in patients who developed postpartum ALT flare at postpartum period compared to those who did not (Supplementary Figure S4A).

Cytokine profiles showed no significant difference between the two groups at 24-28 weeks of gestation and near birth, whereas higher levels of IFN-γ, IL2, IL21, and IL10 were observed in patients who developed ALT flare after discontinuing treatment postpartum (Supplementary Figure S4B). Moreover, we found that more significant increases of cytokine profiles in patients who developed ALT flare after discontinuing treatment postpartum compared to those who did not (Supplementary Figure S4C). We further analyzed the differences in cytokine profiles between the two groups by OPLS-DA to identify the cytokines with VIP values ≥1, which were ranked based on the value, and finally screened the key cytokines that might be associated with the development of postpartum ALT flare. Data in Figure 5 showed that IL12p40 was the most crucial differential cytokine, followed by cytokines IP-10, IFN-β, IL21, TIM-3, ICOS, MCP-1, IFN-γ, IL12p70, MIP-1α, IL23, and IL2.





4 Discussion

This study is the first to comprehensively characterize the dynamics of cytokine profile, as well as HBcrAg and pgRNA profiles, and their correlations in HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention. We found a closer correlation between pgRNA and cytokine profiles before prophylactic antiviral intervention. After prophylactic antiviral intervention, the levels of virologic markers decreased while the immune status was relatively stable during pregnancy except for the increases of chemokines MCP-1 and IP-10, and the changes of virologic markers were closely correlated with cytokines. After postpartum treatment discontinuation, immune activation occurred, and additionally, most participants experienced virologic rebound and 42.3% experienced ALT flare. Changes in virologic markers were closely correlated with cytokines, and postpartum ALT flare may be the result of the interactions between Th1-type cytokines and chemokines, with IL12p40 potentially being the most crucial cytokine. Therefore, our findings improve the understanding of pregnant women with CHB undergoing prophylactic antiviral intervention in terms of viral-immune interactions.

Previous studies have demonstrated that maternal immune response during pregnancy, regulated by estrogen and progesterone, is shifted toward Th2 and Treg and manifests as immunosuppression. In contrast, hormone levels drop significantly after delivery, causing the postnatal immune response to shift toward Th1 and Th17, manifesting immune activation (19, 20). Studies related to cytokine changes from late pregnancy to near delivery in healthy pregnancies were limited (19, 21). Regarding cytokine changes in the postpartum period, it’s reported that both pro-inflammatory (IFN-γ and IL2) and anti-inflammatory cytokines (IL4 and IL10) levels were increased postpartum, but the increase in pro-inflammatory cytokines was more pronounced in healthy pregnancies (21, 22). There is a lack of immunological studies on pregnant women with CHB undergoing prophylactic antiviral intervention (23–25). The present study first found that HBeAg-positive pregnant women with CHB undergoing prophylactic antiviral intervention had insignificant changes in cytokine profiles during late pregnancy, with only increases in chemokines, whereas levels of various cytokines increased significantly after discontinuing treatment postpartum, with an equal degree of Th1-type and Th2-type immune activation. Dynamics in Th1/Th2 ratio in pregnant women with CHB may differ from healthy pregnancies, which are characterized by elevated Th1/Th2 ratios postpartum (21). Therefore, the immune response may be more complex under prophylactic antiviral intervention, delivery and treatment discontinuation. In addition, our study found that cytokine profiles differed by age and delivery history, and that antiviral drugs, indicating the cytokine profiles were different in different host factors and antiviral drugs. And future well-designed prospective studies with large sample are needed to clarify the impact of these factors on dynamics of cytokine profiles in pregnant women with CHB.

There are fewer studies on the correlation between novel virologic markers and immunity, especially in pregnant women with CHB. A previous study suggested that serum pgRNA levels were negatively correlated with Th1-type cytokines and positively correlated with Th2-type cytokines in non-pregnant CHB patients (15). In the present study, we found for the first time that in HBeAg-positive pregnant women with CHB, pgRNA were more closely correlated with cytokines than HBcrAg and traditional markers (HBV DNA and HBsAg) at 24-28 weeks of gestation, and that pgRNA was positively correlated with Th1 cytokines, Th2 cytokines, and Th17 cytokines, and negatively correlated with EGF. Changes of virologic markers were closely correlated with cytokine. Multivariate linear regression analysis indicated that cytokines IFN-γ and IL4 were independently and negatively correlated with pgRNA, and IL10 was independently and positively correlated with pgRNA. The viral-immune interactions are more complicated in pregnant women with CHB and different from non-pregnant patients. PgRNA can be recognized by the retinoic acid-inducible gene-I (RIG-I), a pattern recognition receptor of the host, activating the immune response and promoting the expression of IFN-γ (26). In turn, the immune status may influence the HBV replication (27, 28). Future studies could focus on how cytokine-related signaling pathways and upstream and downstream key immune cells are involved in HBV synthesis and transcription in pregnant women with CHB.

Immune reactivation is thought to underlie the development of postpartum ALT flare (24). Previous studies have suggested significant activation of CD4+ and CD8 +T cells in patients with postpartum ALT flare (7, 29). Recently, Liu Y et al. reported that the postpartum period in pregnant women with CHB may be an opportunity to achieve clinical cure, as evidenced by the high rate of HBsAg loss after interferon combined with oral antiviral treatment (30). Therefore, research on the mechanism underlying postpartum ALT flare may provide valuable insights into cure of CHB. Cytokines are secreted by various immune cells, which are the executors of the immune response, thus analysis of cytokine profiles contributes to the understanding of the overall immune response in patients developed postpartum ALT flare. Since cytokines correlate with each other, we used the OPLS-DA method to identify the differences in cytokine profiles between patients who developed postpartum ALT flare and those who did not. Our results suggest that postpartum ALT flare may be the result of the interactions between Th1-type cytokines and chemokines, and IL12p40 may be the most crucial cytokine, which may help to identify key targets for future studies on the immune mechanisms underlying ALT flare.

Our study adds to the knowledge of immunology and its correlation with virology in HBeAg-positive pregnant women with CHB. There are also several limitations to this study. First, this study was a retrospective study with a small sample size, maternal baseline characteristics, viral characteristics, antiviral treatment, and sampling time points may influence the results. However, we included pregnant women with similar age, high viral load and receiving first-line antiviral regimens to minimize the bias. And paired-samples Mann-Whitney tests were used to analyze the dynamics of variables to improve the test efficacy. Nonetheless, future well-designed prospective cohorts with large samples are needed to further validate our findings and clarify the impact of confounding factors. Second, only 2 subjects chose to continue treatment postpartum, which limits our ability to determine whether the postpartum immune activation was caused by delivery or discontinuation of treatment. Finally, we identified cytokines that were closely correlated to the occurrence of postpartum ALT flare, which needs to be further validated by basic experiments.




5 Conclusions

PgRNA was more closely correlated to cytokine profiles, and postpartum ALT flare may be the result of the interaction between Th1-type cytokines and chemokines.
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References

1. Jing, W, Liu, J, and Liu, M. Eliminating mother-to-child transmission of HBV: progress and challenges in China. Front Med. (2020) 14:21–9. doi: 10.1007/s11684-020-0744-2

2. You, H, Wang, F, Li, T, Xu, X, Sun, Y, Nan, Y, et al. Guidelines for the prevention and treatment of chronic hepatitis B (version 2022). J Clin Trans Hepatol. (2023) 000:000–0. doi: 10.14218/JCTH.2023.00320

3. European Association for the Study of the Liver. Electronic address eee, European Association for the Study of the L. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. J Hepatol. (2017) 67:370–98. doi: 10.1016/j.jhep.2017.03.021

4. Terrault, NA, Lok, ASF, McMahon, BJ, Chang, KM, Hwang, JP, Jonas, MM, et al. Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology. (2018) 67:1560–99. doi: 10.1002/hep.29800

5. Chang, CY, Aziz, N, Poongkunran, M, Javaid, A, Trinh, HN, Lau, D, et al. Serum alanine aminotransferase and hepatitis B DNA flares in pregnant and postpartum women with chronic hepatitis B. Am J Gastroenterol. (2016) 111:1410–5. doi: 10.1038/ajg.2016.296

6. Giles, M, Visvanathan, K, Lewin, S, Bowden, S, Locarnini, S, Spelman, T, et al. Clinical and virological predictors of hepatic flares in pregnant women with chronic hepatitis B. Gut. (2015) 64:1810–5. doi: 10.1136/gutjnl-2014-308211

7. Huang, M, Gao, Y, Yin, X, Zhang, X, Hao, Y, Hu, J, et al. Characterization of T cell immunity in chronic hepatitis B virus-infected mothers with postpartum alanine transaminase flare. BMC Infect Dis. (2021) 21:922. doi: 10.1186/s12879-021-06634-2

8. AbdulHussain, G, Azizieh, F, Makhseed, M, and Raghupathy, R. Effects of progesterone, dydrogesterone and estrogen on the production of th1/th2/th17 cytokines by lymphocytes from women with recurrent spontaneous miscarriage. J Reprod Immunol. (2020) 140:103132. doi: 10.1016/j.jri.2020.103132

9. Piccinni, MP, Giudizi, MG, Biagiotti, R, Beloni, L, Giannarini, L, Sampognaro, S, et al. Progesterone favors the development of human T helper cells producing Th2-type cytokines and promotes both IL-4 production and membrane CD30 expression in established Th1 cell clones. J Immunol. (1995) 155:128–33. doi: 10.4049/jimmunol.155.1.128

10. Xia, Y, and Protzer, U. Control of hepatitis B virus by cytokines. Viruses. (2017) 9. doi: 10.3390/v9010018

11. Carey, I, Gersch, J, Wang, B, Moigboi, C, Kuhns, M, Cloherty, G, et al. Pregenomic HBV RNA and hepatitis B core-related antigen predict outcomes in hepatitis B e antigen–negative chronic hepatitis B patients suppressed on nucleos(T)ide analogue therapy. Hepatology. (2020) 72:42–57. doi: 10.1002/hep.31026

12. Liu, R, Yang, L, Jiang, T, Lu, Y, Zhang, L, Shen, G, et al. Hepatitis B core-related antigen serum levels may be a predictor of acute flare of chronic hepatitis B among pregnant women in the immune-tolerant phase of chronic HBV infection after short-course antiviral therapy. Virulence. (2023) 14. doi: 10.1080/21505594.2023.2186335

13. Wang, C-R, Liu, X-Q, Li, H, Zhang, Q, Zhong, G-C, Tang, Q, et al. PgRNA kinetics predict HBsAg reduction in pregnant chronic hepatitis B carriers after treatment cessation. Front Cell Infection Microbiol. (2022) 12. doi: 10.3389/fcimb.2022.1055774

14. Wang, C-R, Liu, X-Q, Shen, W, Zhong, G-C, Li, H, Tang, Q, et al. Profiles of HBcrAg and pgRNA in pregnant women with chronic HBV under different disease phases and antiviral prophylaxis. Open Forum Infect Dis. (2024) 11. doi: 10.1093/ofid/ofae241

15. Gu, Y, Chen, L, Lian, Y, Gu, L, Chen, Y, Bi, Y, et al. Serum HBV pregenomic RNA is correlated with Th1/Th2 immunity in treatment-naive chronic hepatitis B patients. J Med Virol. (2020) 92:317–28. doi: 10.1002/jmv.25612

16. Hadziyannis, SJ, Sevastianos, V, Rapti, I, Vassilopoulos, D, and Hadziyannis, E. Sustained responses and loss of HBsAg in HBeAg-negative patients with chronic hepatitis B who stop long-term treatment with adefovir. Gastroenterology. (2012) 143:629–636.e621. doi: 10.1053/j.gastro.2012.05.039

17. Boccard, J, and Rutledge, DN. A consensus orthogonal partial least squares discriminant analysis (OPLS-DA) strategy for multiblock Omics data fusion. Analytica Chimica Acta. (2013) 769:30–9. doi: 10.1016/j.aca.2013.01.022

18. Shannon, P, Markiel, A, Ozier, O, Baliga, NS, Wang, JT, Ramage, D, et al. Cytoscape: A software environment for integrated models of biomolecular interaction networks. Genome Res. (2003) 13:2498–504. doi: 10.1101/gr.1239303

19. Spence, T, Allsopp, PJ, Yeates, AJ, Mulhern, MS, Strain, JJ, and McSorley, EM. Maternal serum cytokine concentrations in healthy pregnancy and preeclampsia. J Pregnancy. (2021) 2021:6649608. doi: 10.1155/2021/6649608

20. Monteiro, C, Kasahara, T, Sacramento, PM, Dias, A, Leite, S, Silva, VG, et al. Human pregnancy levels of estrogen and progesterone contribute to humoral immunity by activating TFH/B cell axis. Eur J Immunol. (2021) 51:167–79. doi: 10.1002/eji.202048658

21. Shimaoka, Y, Hidaka, Y, Tada, H, Nakamura, T, Mitsuda, N, Morimoto, Y, et al. Changes in cytokine production during and after normal pregnancy. Am J Reprod Immunol. (2000) 44:143–7. doi: 10.1111/j.8755-8920.2000.440303.x

22. Tagawa, N, Hidaka, Y, Takano, T, Shimaoka, Y, Kobayashi, Y, and Amino, N. Serum concentrations of dehydroepiandrosterone and dehydroepiandrosterone sulfate and their relation to cytokine production during and after normal pregnancy. Clin Chim Acta. (2004) 340:187–93. doi: 10.1016/j.cccn.2003.10.018

23. Li, L, Wang, L, Huang, C, Diao, L, Zhang, Y, Zhang, X, et al. Chronic hepatitis B infection alters peripheral immune response in women with reproductive failure. Am J Reprod Immunol. (2019) 81. doi: 10.1111/aji.2019.81.issue-3

24. Joshi, SS, and Coffin, CS. Hepatitis B and pregnancy: virologic and immunologic characteristics. Hepatol Commun. (2020) 4:157–71. doi: 10.1002/hep4.1460

25. Zhang, Q, Liu, X, Pang, X, Wang, H, Du, J, Ren, H, et al. Recovery of host adaptive immune function promoted the reduction of hepatitis B surface antigen in nucleoside analog-experienced chronic hepatitis B patients with low hepatitis B surface antigen levels. Cytokine. (2023) 164. doi: 10.1016/j.cyto.2023.156140

26. Kim, GW, Imam, H, Khan, M, and Siddiqui, A. N6-Methyladenosine modification of hepatitis B and C viral RNAs attenuates host innate immunity via RIG-I signaling. J Biol Chem. (2020) 295:13123–33. doi: 10.1074/jbc.RA120.014260

27. Wieland, SF, Eustaquio, A, Whitten-Bauer, C, Boyd, B, and Chisari, FV. Interferon prevents formation of replication-competent hepatitis B virus RNA-containing nucleocapsids. Proc Natl Acad Sci U S A. (2005) 102:9913–7. doi: 10.1073/pnas.0504273102

28. Romero, R, and Lavine, JE. Cytokine inhibition of the hepatitis B virus core promoter. Hepatology. (1996) 23:17–23. doi: 10.1002/hep.510230103

29. Song, A, Liu, Y, Cao, Z, Lu, J, Ren, S, Zheng, S, et al. Clinical features and T cell immune characteristics of postpartum hepatitis flare in pregnant women with HBeAg-positive chronic HBV infection. Front Immunol. (2022) 13. doi: 10.3389/fimmu.2022.881321

30. Lu, J, Zhang, S, Liu, Y, Du, X, Ren, S, Zhang, H, et al. Effect of Peg-interferon α-2a combined with Adefovir in HBV postpartum women with normal levels of ALT and high levels of HBV DNA. Liver Int. (2015) 35:1692–9. doi: 10.1111/liv.2015.35.issue-6

31. Shen, W, Song, Z, Zhong, X, Huang, M, Shen, D, Gao, P, et al. Sangerbox: A comprehensive, interaction-friendly clinical bioinformatics analysis platform. Imeta. (2022) 1:e36. doi: 10.1002/imt2.v1.3




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Tang, Wang, Li, Chen, Liu, Xue, Qiu, Zeng and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-15-1511855-g002.jpg
: ® 0 Qe
s >0 - Zz20200 LA TEE e T I 2207wl
Be8bc oot 8Z 0288515885850 0¢2
AT b | L
HBsAg 44 45 il
HBV DNA
HBcrAg ‘ ; |
PORNA | | .,..fyl SoslE e MEosiS @ Wovas o5 0.71
GRO 04 07 ‘
P-10 | | 04 040404
mee-1 |
MDC | |
MIP-1a 043
RANTES
IFNb | 0545
IFNg |
.-'12p4° 0-14
IL-12 p70
IL-2
014
043
0.71






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        PgRNA closely correlates to cytokine profile in HBeAg-positive pregnant women undergoing prophylactic antiviral intervention

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Highlights

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 Study design and patients

          



          		

            2.2 Data collection and laboratory testing

          



          		

            2.3 Outcome

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 The baseline characteristics of HBeAg-positive pregnant women with CHB

          



          		

            3.2 Overall dynamics of cytokine profiles and virologic markers in pregnant women undergoing prophylactic antiviral intervention

          



          		

            3.3 Cytokine profile was closely correlated with pgRNA

          



          		

            3.4 Changes in virologic markers closely correlated with cytokine profiles in postpartum women who experienced virologic rebound

          



          		

            4.5 Cytokine profiles varied in different populations of pregnant women with CHB

          



          		

            3.6 Postpartum ALT flare exhibited immune activation

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1511855-g004.jpg
® 24-28 weeks gestation(G1)
B Near Birth(G2)
A Postpartum(G3)

—®— *%% %%
* G1V.S.G2

= =L * G1V.S.G3

* G2V.S.G3

Th17/Tfh  IL-17
ICOS

Th1

Chemokine
MCP-1

IP-10
GRO

0 2 4 6 8 10 12 14
log2 (pg/mL)

G1VS.G2 G1V.S.G3

IFN-y / IL10

G2VS.G3
Size of each list

G1VS.G2 G1vs.c3 G2VS.G3
Number of elements: specific (1) or shared by 2, 3, ... lists
N 0 ¢ |
3(1) g t |
G1vs G2 G1vs G3 G2vs G3
Chemokines
Th1
Th17
Th2
Others





OEBPS/Images/fimmu-15-1511855-g005.jpg
Cytokine_type

1 1 r I I. GRO Z score Expression
| 11l | [ 1 hh eo L

MCP-1 -2 0 2 4

'||"I'u|. LI 'I'.'|.l' . &

RANTES Therapy:

l I I I 7 IFNg ;J:;F .
11 i I FI11INI B * [ ie-i2p40 oo = = 5 i
Bl 1 i1 ANl [ - P1zp70 B P1(5.0%)
-2 ®No R2X=0.499, R2Y=0.573,Q2=0.226
I 1R I I TNFa ® ves c
B R DI AP IR NN DN D) NRcos 570 ek gostation .
I IL-17 @ Near birth
] I II l" Il 0 IRMINE g :f,ii?f“&‘;‘;
IL-10 Chemgkinc. 2.0
IL-4 ® Thi
I | I I i :Thl7/Tfh .
i L6 Qo g '
1 IR |I|l .l ||| l:l 1 Y CS I N O 0 O O O O O O T
CTLA4 -
l IIII ] IIIIIII [ 10BN geor
| I IL-15 05
HI II ) IIII I | ['RT
IL-23 -
I 1 I [ 11l 1 PD-1 -

IP.10
IFNb
IL.21
TIM.3
ICOS
IFNg
IL.23
IL.2

TGF-bl

RIRE 11
INEIN WIITA N B DLRYE

Period

IL.12.p40
MCP.1
IL.12.p70
MIP.1a






OEBPS/Images/fimmu.2024.1511855_cover.jpg
’ frontiers | Frontiersin Immunology

PgRNA closely correlates to cytokine
profile in HBeAg-positive pregnant
women undergoing prophylactic
antiviral intervention





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1511855-g001.jpg
- 24-28 Weeks gestation

e N@ar birth B

e Postpartum

TiM-3,, CRO 1p_10

TGF-b1 120

PD-1

MCP-1

300

MDC

MIP-1a

RANTES

IFNb

200

=l
IFNg D
=
IL-12 p40 é
IL-12 p70 100
10 oq ILA17 0
24-28 weeks gestation Near Birth Postpartum
200000
-
150000 £
=
= o
2 <
& 100000 §
P Q
* Z
=
50000
0 . .
24-28 weeks gestation Near Birth Postpartum 24-28 weeks gestation Near Birth Postpartum
10
10
2 8
. E
£ =
2 2 6
o °
5 <
8 4 Z 4
T S
o
2 2
0

24-28 weeks gestation Near Birth Postpartum 24-28 weeks gestation Near Birth Postpartum





OEBPS/Images/fimmu-15-1511855-g003.jpg
1
0.71
043
0.14
-0.14
-0.43
-0.71

1

eIl ,“ -3
19-401

\-0d -] “

mﬂ_ 2 H ENE s E=sH
51-11 TEN cEEES N .
493 @ 0
P1L0 -] ]
10¥00 b-] a

gl an
&N 4
all |
0=l

(Tl

L1

F
fole] | | |
3
=

BANL
z g
0dzLl
opdziN g 2 B
BN Al

EIE] -} m m.

SALNVY 0
El-dlii [ ] - m
d
=

IL-12 p40

oan -] g
bW 2
ol
OMO

3
vnaied I g
:

By1ogH

vnaAgH @ m.
BysaH | | o m ]

1
0.71
043
0.14
-0.14
-0.43
-0.71

1

EE s

EnIL g -] “ "
rdol u . lnnl SHEE S B BS
ez-1l ‘oN EEE sEEsE _- g8

8Ll ]

IL-23

IL-18

S [ J(]
03 W

w110 e =
Jo0rao b

gl

gl

Ll [ ][ ]
0kl

(T b+ |

2. a
Sleke]

BN
zl

0£dZ 1
ord Z1-1
B4
an 4|

sainvy 8 b i
el-din -
oaw m M
b-d oW m
0bdl
odo @

vieBd m
:

I_-15 0.5008

CD40L
CTLA4

ByiogH
YNNG ABH

BysaH





OEBPS/Images/table1.jpg
Parity history, n (%) 5 (17.9%)
Age < 30y, n (%) 21 (75.0%)
Normal ALT, n (%) 25 (89.3%)

HBV-DNA > 1.0E+06 IU/mL, n (%) 25 (89.3%)

Cirrhosis, n (%) 1 (3.6%)

TDF treatment, n (%) 9 (32.1%)

HBV-DNA, IU/mL 2.28E+07 (2.15E+05~1.47E+08)
qHBsAg, ITU/mL 3.8E+04 (2.8E+03~1.08E+05)
PgRNA, pg/mL 1.5E+08 (3.25E+05~9.0E+08)
HBcrAg, pg/mL 8.40 (6.2~9.2)

ALT, U/L 25.6 (13~65)

ALT, alanine aminotransaminase; DNA, deoxyribonucleic acid; HBV, hepatitis B virus;
HBcrAg, hepatitis B core related antigen; pgRNA, pre-genomic ribonucleic acid; qHBsAg,
quantitative hepatitis B surface antigen; TDF, tenofovir disoproxil fumarate.





