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Purpose: Infection is the most common complication after left ventricular assist device (LVAD) implantation. The immune status of
LVAD patients is relevant for the incidence and severity of infection, but it is unknown if there is a predisposing immune status prior to
LVAD implantation that contributes to an increased risk for infection in the post-implant period. We analyzed the pre-LVAD immune
status in patients with infection within 3 months after LVAD implantation in comparison to infection-free patients.

Patients and Methods: Fifty-four consecutive LVAD patients were included in this study. According to their infectious history in the
first 3 months after LVAD implantation, these patients were grouped into an infection (n=23) and an infection-free group (n=31). Pre-
LVAD blood samples were obtained for flow cytometric analysis of immunological parameters including B cells, subsets of T,
dendritic and natural killer cells. Patient-specific, clinical and laboratory data were recorded.

Results: Blood count analysis prior to LVAD implantation showed comparable counts of erythrocytes (p=0.19), platelets (p=0.33) and
leukocytes (p=0.50) between patients with infection and infection-free patients in the post-implant period. Patients with infection in the
first 3 months after LVAD implantation had lower concentrations of lymphocytes (p=0.02). Forty percent of the patients with infection
showed more often pre-LVAD neutrophil-to-lymphocyte ratios (NLR) >7 than patients without infection in the first 3 months after
LVAD implantation (14%, p=0.05). Patients with infection already had lower percentages of CD3" T cells (p=0.03), CD19" B cells
(p<0.01), BDCA2" pDCs (p=0.03) and BDCA4" plasmacytoid DCs (pDCs) (p=0.05) prior to LVAD implantation than infection-free
patients.

Conclusion: Our results demonstrated that patients with infection in the early post-implant period showed lower concentrations of
lymphocytes, especially of CD3" T cells and CD19" B cells, decreased percentages of BDCA2" and BDCA4" pDCs, and had more
often NLRs >7 indicating moderate-to-severe inflammation. Thus, we identified specific immunological changes pre-LVAD that could
help to identify patients at risk for infection in the early post-implant period.
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Introduction

Left ventricular assist device (LVAD) support is an established treatment option for patients with advanced heart failure
but comprises the risk for infection following implantation. Infection is the most common complication after LVAD
implantation, leading to major morbidity and mortality.' Between 19% and 39% of the patients with implanted
continuous-flow LVAD suffer from infection, and >10% result in LVAD-related death.' The 1-year mortality is 5.6
times greater in patients with infection compared to infection-free patients.” An association between infection and
cerebrovascular events in LVAD patients is assumed.>* Predisposing factors for infection are an elevated body mass

index (BMI), young age, female sex, prior cardiac surgery or intra-aortic balloon pump, trauma at the driveline site and
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duration of LVAD support."® Further, the host’s immune status is relevant for the incidence and severity of infection, and
it has been reported that LVAD implantation alters the immunobiology, thereby affecting the response to infection.®’

However, it has not been investigated so far, if there is a predisposing immune status prior to LVAD implantation that
contributes to an increased risk for infection in the post-implant period. Thus, the present study analyzed the pre-LVAD
immune status in patients that suffer from infection early (3 months) after LVAD implantation in comparison to infection-
free LVAD patients.

Materials and Methods

Study Groups and Clinical Characteristics

This study was approved by the Ethics Committee of the Medical Faculty of the University of Leipzig, Germany (ID:
225/17-ek) and was performed according to the guidelines of the Declaration of Helsinki (2013). Written informed
consent was obtained from all patients before study initiation.

The study included 54 patients who underwent LVAD implantation between September 2018 and January 2021.
Citrated blood and serum were obtained prior to LVAD implantation. Immunological parameters, including cytokines,
B cells, and subsets of T cells, dendritic cells (DCs) and natural killer (NK) cells were quantified. Patient-specific, clinical
and laboratory data were recorded. The postoperative course of the first 3 months after LVAD implantation, including the
occurrence and type of infection, was documented. Infection was defined according to the definition of the International
Society of Heart and Lung Transplantation (ISHLT) and divided into 3 types: LVAD-specific, LVAD-related and non-
LVAD infection.® LVAD-specific infections are related to the device and do not occur in non-LVAD patients such as
pump, cannula, pocket or driveline infections. LVAD-related infections can be associated with the implanted device and
include for example infective endocarditis, LVAD-related bloodstream infection, mediastinitis or wound infection. Non-
LVAD infection comprises infections that are not affected by the LVAD such as respiratory tract infection, urinary tract
infection, and Clostridium difficile infection.®

Inclusion criteria were (i) age >18 years, (ii) indication for LVAD implantation and (iii) informed consent. Exclusion
criteria were (i) pregnancy, (ii) known immunodeficiency, (iii) malignant disease and (iv) infection within 6 weeks prior
to LVAD implantation.

Blood Sampling
After peripheral blood withdrawal, citrated blood samples were analyzed using flow cytometry. Sera were centrifuged at
2000 *g at room temperature (RT) for 10 min, aliquoted, and frozen at —20°C until analysis.

Flow Cytometry

Citrated blood samples were used to determine the proportion of the following immunological cell populations: total CD3"*
T cells and their proportion of CD4" and CD8" T cells as well as their degree of terminal differentiation/senescence (CD57)
and activation (CD25); total CD16"CD56" NK cells and the proportion of their subpopulations (CD56™€", CD56%™ and
CD56™¢ NK cells) and the degree of terminal differentiation (CD57); total regulatory T cells (Tigs) defined as CD3"/CD4"/
CD25"€/CD127"; total CD19" B cells; total dendritic cells (DCs) and their subsets expressing blood dendritic cell
antigen (BDCA) 1, 2, 3 or 4. BDCA 1 and 3 indicate subsets of myeloid DCs (mDCs), whereas BDCA 2 and 4 indicate
subsets of plasmacytoid DCs (pDCs). In brief, samples were incubated with different antibody panels for 20 min at RT:
panel A: CD57-APC, CD56-FITC, CD16-APC, CD3-PerCP/Cy5.5, CD19-PE; panel B: CD57-APC, CD8-FITC, CD25-PE
-Cy7, CD4-APC-H7, CD3-PerCP/Cy5.5; panel C: lineage cocktail 1-FITC, HLA-DR-PerCP, CD304-APC, CD303-PE;
panel D: lineage cocktail 1-FITC, HLA-DR-PerCP, CD1c-PE, CD141-APC; panel E: CD127-Alexa Fluor 647, CD25-PE-
Cy7, CD4-APC-Cy7, CD3-PerCP-Cy5.5. The antibodies were purchased from Becton Dickinson (BD, Franklin Lakes, NJ,
USA) and BioLegend (San Diego, CA, USA). Following antibody incubation, erythrocytes were lysed with 2 mL FACS
lysing solution (BD Biosciences) for 10 min. After centrifugation at 300 *g for 5 min at RT, the cells were washed with
4 mL phosphate-buffered saline (PBS), followed by additional centrifugation. The cells were fixed by adding 500 pL of 1%
formalin-PBS. Flow cytometric analysis was performed using a BD LSR II cytometer with FACS-Diva 2.0 software version
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6.1.3 (BD Biosciences). Standardization of the instrument was performed by weekly measurements of Cyfometer Setup and
Tracking Beads (BD Biosciences). In general, 100,000 events were recorded in each panel.

Quantification of Cytokines

The cytokines interleukin (IL)-2, IL-4, IL-10 and interferon (IFN)-y were quantified in the serum samples using the Bio-
Plex Pro Human Screening Panel Splx EXP (Bio-Rad, Hercules, CA, USA), according to the manufacturer’s instructions.
For multiplex assay analysis, a Luminex® 200 device and Luminex XPonent® software version 3.1 (Luminex, Austin,
TX, USA) were used. The cytokines tumor necrosis factor (TNF)-a, IL-6 and IL-1 were quantified using ELISA
MAX™ Deluxe Sets (BioLegend) according to the recommended protocols of the manufacturer and the Tecan reader
Infinite PRO 200 and the i-control™ software (both Tecan Group AG, Ménnedorf, Switzerland).

Statistics

Data were collected and evaluated using Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA). Statistical
analyses were performed using SPSS version 28 (IBM Corp., Armonk, NY, USA). Data are presented as mean =+ standard
deviation of the mean for continuous variables and as the number (percent) for categorical variables. A comparison of the
means was performed with Student’s #-test in case of normal distribution or with Mann—Whitney U-test in case of non-
normal distribution. Group comparisons of ordinal data were performed using the y?-test for frequencies greater than 5 or
using Fisher’s exact test for frequencies lower or equal to 5. Logistic regression analysis was used to identify
confounding factors for early infection after LVAD implantation. P values <0.05 were considered significant.

Results

Twenty-three patients (43%) suffered from infection in the first 3 months after LVAD implantation. A comparison of
demographic and clinical data between patients with and without infection in the first 3 months after LVAD implantation
showed that both groups were comparable (Table 1). No confounding factors for early infection after LVAD implantation
could have been detected in logistic regression analysis comprising demographic data (age, gender, BMI), clinical data

Table | Demographic and Clinical Characteristics of Patients Prior to LVAD Implantation

Infection Group | Non-Infection Group p value
(n=123) (n=31)

Age at implantation [yrs] 62.1 £89 572 +£98 0.06
Male gender 18 (78.3%) 26 (83.9%) 0.87
BMI [kg/m?] 29.6 £ 6.9 288 £ 5.6 0.31
Etiology |

ICM Il (47.8%) 16 (51.6%)

DCM 12 (52.2%) 15 (48.4%)
NYHA classification 0.17

Class Il 2 (8.3%) 0 (0%)

Class llI I'l (45.8%) Il (35.5%)

Class IV I'l (45.8%) 20 (64.5%)
INTERMACS 0.71

I 2 (8.7%) 2 (6.5%)

2 7 (30.4%) 6 (19.4%)

3 12 (52.2%) 21 (67.7%)

4 2 (8.7%) 2 (6.5%)

(Continued)
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Table | (Continued).

Infection Group | Non-Infection Group p value
(n=23) (n=3l1)
Indication of LVAD 0.09
Bridge to transplant | (4.3%) 5 (16.1%)
Bridge to candidacy 9 (39.1%) 17 (54.8%)
Destination therapy 13 (56.5%) 9 (29.0%)
LVAD device 0.41
HeartMate 3™ 19 (82.6%) 29 (93.5%)
HVAD™ 4 (17.4%) 2 (6.5%)
Comorbidities
Arterial hypertension 21 (91.3%) 27 (87.1%) 0.96
Hyperlipoproteinemia 13 (56.5%) 16 (51.6%) 0.94
Diabetes mellitus type 2 10 (43.5%) 13 (41.9%) |
Chronic kidney disease 17 (73.9%) 18 (58.1%) 0.36
Hypothyroidism | (4.3%) 5 (16.1%) 0.36
Chronic inflammatory disease 2 (8.7%) 0 (0%) 0.35
COPD/bronchial asthma 3 (13.0%) 1 (3.2%) 0.40
Presence of CRT/ICD 18 (78.3%) 21 (67.7%) 0.59
Prior valve surgery 8 (34.8%) 4 (12.9%) 0.11
Prior CVA 5 (21.7%) 3 (9.7%) 0.40
Prior malign disease 2 (8.7%) 5 (16.1%) 0.69
History of chemotherapy/radiation | (4.3%) 2 (6.5%) |
Intolerances™ 3 (13.0%) 7 (22.6%) 0.58
History of drug abuse 0 (0%) 2 (6.5%) 0.50
Nicotine consumption 0.39
Current nicotine abuse 4 (17.4%) 7 (22.6%)
Former nicotine abuse 13 (56.5%) Il (35.5%)
Non-smoker 3 (13.0%) 4 (12.9%)
Not specified 3 (13.0%) 9 (29.0%)
Alcohol consumption 0.56
Current alcohol abuse 1 (4.3%) 2 (6.5%)
Former alcohol abuse | (4.3%) 5 (16.1%)
No alcohol abuse 8 (34.8%) 9 (29.0%)
Not specified 13 (56.5%) I5 (48.4%)

Note: #Includes intolerances to medicines, foods, insect venoms.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronisa-
tion therapy; CVA, cerebrovascular accident; DCM, dilatative cardiomyopathy; HTx, heart transplantation; ICD,
implantable cardioverter-defibrillator; ICM, ischaemic cardiomyopathy; INTERMACS, Interagency Registry for
Mechanically Assisted Circulatory Support; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction;

NYHA, New York Heart Association.

(eg, indication, etiology, NYHA class, INTERMACS), comorbidities as well as drug, nicotine and alcohol consumption
(p > 0.05 for all tested variables).
Patients of the infection group suffered from either LVAD-specific, LVAD-related or non-LVAD infections, while the major

type of infection was a percutaneous driveline infection that occurred in 70% of the patients in the infection group (Table 2).
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Table 2 Type of Infection Occurring Within 3 Months
Following LVAD Implantation

Infection Group
(n=23)

LVAD-specific infections

Percutaneous driveline infection 16 (69.6%)
LVAD-related infections

Pathogens detected in blood culture 8 (34.8%)
Non-LVAD infections

Pulmonary infection 8 (34.8%)

Urinary infection 9 (39.1%)

Clostridium difficile infection 2 (8.7%)

Pathogens detected in blood culture 4 (17.4%)

Other 5 (21.7%)

Abbreviation: LVAD, left ventricular assist device.

Blood count analysis prior to LVAD implantation showed comparable counts of erythrocytes (p = 0.19), platelets (p =
0.33) and leukocytes (p = 0.50) between patients with infection and infection-free patients in the post-implant period
(Supplemental Table 1). Patients with infection in the first 3 months after LVAD implantation had lower concentrations of

lymphocytes (p = 0.02) (Supplemental Table 1). Lymphopenia, defined as <1x10° lymphocytes/L, occurred in 41% of the

patients with infection and in 24% of infection-free patients (p = 0.33). Patients with infection showed more often pre-
LVAD neutrophil-to-lymphocyte ratios (NLR) >7, which indicates moderate to severe/critical inflammation, than patients
without infection in the first 3 months after LVAD implantation (patients with infection: 40% with NLR > 7, patients
without infection: 14% with NLR > 7, p = 0.05).

A detailed flow cytometric analysis revealed remarkable differences between both groups: Patients with infection in the
first 3 months after LVAD implantation already had lower percentages of CD3" T cells (p = 0.03), CD19" B cells (p < 0.01),
BDCA2" pDCs (p = 0.03) and BDCA4" pDCs (p = 0.05) prior to LVAD implantation than patients who were free from
infection in the first 3 months (Table 3).

Table 3 Flow Cytometric Parameters Prior to LVAD Implantation in Patients
Suffering from Infection Within the First 3 Months Following LVAD Implantation
and Infection-Free Patients

Infection Group | Non-Infection Group p value
(n=23) (n=31)
Total DCs [%] 0.47 £ 0.36 0.56 = 0.27 0.15
BDCAI™ DCs [%] 41.8 = 145 435+ 134 0.34
BDCA2" DCs [%] 250 £ 105 312 £ 124 0.03
BDCA3" DCs [%] 62.1 £204 64.9 £ 252 0.33
BDCA4" DCs [%] 23.7 £ 10.6 28.7 £ 10.8 0.05
Tregs [%] 76 +34 6.7 +23 0.17
CDI9" B cells [%] 4932 86+ 5.1 < 0.0l
CD3" T cells [%] 392+214 49.6 + 13.9 0.03
CD3*/CD8" T cells [%] 27.1 £98 29.7 £ 143 0.23
(Continued)
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Table 3 (Continued).

Infection Group | Non-Infection Group p value
(n = 23) (n=31)
CD8*/CD57"* T cells [%] 38.1 £ 19.0 306 + 144 0.06
CD8*/CD25" T cells [%] 68+72 55+ 45 0.23
CD3*/CD4" T cells [%] 676112 643 % 160 0.2l
CD4%/CD57" T cells [%] 132 £ 14.6 86 +93 0.10
CD4%/CD25" T cells [%] 18.1 £ 16.8 14.6 + 16.0 0.22
Total NK cells [%] 99+58 9.1£75 0.36
CD57" NK cells [%] 325+ 164 285+ 162 0.19
CD56°8" NK cells [%] 48+ 3.1 62 +50 0.13
CD56%™ NK cells [%] 56.2 + 25.1 580 + 15.6 0.39
CD56™# NK cells [%] 33.0 £ 245 30.6 + 124 0.34
CD56%™"ee NK cells [%] 892+75 885+ 75 0.38

Abbreviations: BDCAI/2/3/4, blood dendritic cell antigen 1/2/3/4; CD, cluster of differentiation; DCs,
dendritic cells; NK cells, natural killer cells; T.g, regulatory T cells.

The percentages of CD4" T cells (p = 0.21), CD8" T cells (p = 0.23), total DCs (p = 0.15), BDCA1" (p = 0.34) and BDCA3"
DCs (p = 0.33), Tyegs (p = 0.17), total NKs (p = 0.36) and subsets of NK cells (CD356""€" NK cells: p = 0.13; CD56"™ NK cells:
p = 0.39; CD56™% NK cells: p = 0.34; CD56%™"°¢ NK cells: p = 0.38) were comparable between the groups. The CD57
expression of CD4" T cells, CD8" T cells and NK cells as well as the activation status of CD4" and CD8" T cells measured by
CD25 expression did not differ between patients with infection and infection-free patients (Table 3). Serum cytokine concentra-
tions of the proinflammatory cytokines IL-1f (p = 0.44), IL-2 (p = 0.46), IL-6 (p = 0.37), IL-17A (p=0.14), IFN-y (p = 0.16) and
TNF-a (p = 0.16) as well as the anti-inflammatory cytokines IL-4 (p = 0.20) and IL-10 (p = 0.19) were comparable between both
groups in the pre-LVAD period (Table 4).

Table 4 Serum Concentrations of Pro- and Anti-Inflammatory Cytokines

Prior to LVAD Implantation in Patients Suffering from Infection Within

the First 3 Months Following LVAD Implantation and in Infection-Free

Patients
Infection Group | Non-Infection Group p value
(n=23) (n=3l1)
IL-1B [pg/mL] 227 £522 2.06 = 5.06 0.44
IL-2 [pg/mL] 0.10 £ 0.32 0.09 £ 0.29 0.46
IL-4 [pg/mL] 0.04 = 0.11 0.02 £ 0.09 0.20
IL-6 [pg/mL] 53.9 £50.7 48.8 + 58.0 0.37
IL-10 [pg/mL] 0.49 + 1.22 0.25 £ 0.75 0.19
IL-17A [pg/mL] 0.18 £ 0.51 043 £ .15 0.14
IFN-y [pg/mL] 0.69 + 2.96 0.07 £ 0.22 0.16
TNF-a [pg/mL] 0.42 + 0.85 0.66 = 0.90 0.16

Abbreviations: IFN-y, interferon v; IL, interleukin; TNF-q, tumor necrosis factor o.
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Discussion

Our study investigated if the pre-LVAD immune status differed between patients that suffer from infection in the first 3
months after LVAD implantation in comparison to infection-free LVAD patients. Our results demonstrated that patients
with infection in the early post-implant period showed lower concentrations of lymphocytes, especially of CD3" T cells
and CD19" B cells, decreased percentages of BDCA2" and BDCA4" pDCs, and had more often NLRs >7 indicating
moderate-to-severe inflammation. Thus, we identified specific immunological changes pre-LVAD that could help to
identify patients at risk for infection in the early post-implant period who could benefit from increased vigilance and/or
more liberal antibiotic therapy.

Lymphocytes comprise cell subsets such as innate T helper cells and NK cells, but also antigen-specific T and B cells.
These cell subsets exhibit various effector function with the aim to reduce the expansion of pathogens such as viruses,
bacteria and parasites.” Lymphopenia is associated with increased infection risk and an increased risk of infection-related
death.'® Although both study groups were comparable for the incidence of lymphopenia prior to LVAD implantation,
patients suffering from infection in the early post-implant period had significantly lower concentrations of lymphocytes
than infection-free patients. This indicates that even low concentrations of lymphocytes that range within the reference
could have an effect on infection risk. Low circulating B and T cell numbers have been shown to predispose patients for
infectious diseases.'"'?

T cell activation and senescence were analyzed by expression of CD57 and CD25. Comparable values of activated
and senescent T cells were documented in patients suffering from infection and infection-free patients. The reduced
percentages of T (and B) cells seem to contradict this finding; however, the absolute or relative counts of T and B cells do
not allow conclusions on the state of activation or senescence. Therefore, the reduced percentages of T (and B) cells do
not contradict the finding of comparable T cell activation and senescence or comparable serum cytokine concentrations in
the study groups.

DCs are antigen-presenting cells that are involved in the activation and maturation of T cells, thereby adjusting the
immunological reaction to antigens.'® Furthermore, DCs mutually regulate B and NK cells.'* BDCA2" and BDCA4"
DCs are subsets of pDCs that can be activated by bacteria to produce IFN-a and proinflammatory cytokines as well as
prime naive CD4" T cells.'> Furthermore, pDCs induce the maturation, activation and cytokine production of NK cells
that are a relevant component of viral defense.'® A reduction of pDCs, as it has been shown in our study, might be
a relevant factor for a reduced immunological reaction in defending pathogens and seems to lead to a higher infection
rate in LVAD patients in the early post-implant period. The infection-reducing properties of pDCs have been described in

several studies'®™"”

and comprise cytoprotective effects and T cell activation as well as fine-tuning of adaptive immune
responses through enhanced T cell differentiation.*

We found that patients with infection in the first 3 months after LVAD implantation showed more often moderate to
severe/critical inflammation according to NLR in the pre-LVAD period than patients without infection. NLR is a cheap
and easy to calculate parameter from blood count analysis that reflects the inflammation status and stress, and indicates
the balance between innate and adaptive immune responses.”’ NLR reflects the dynamic relationship between the innate
immune system, represented by neutrophils, and the adaptive cellular immune system, represented by lymphocytes. It has
been used as a rapid and valid marker for acute, subacute and chronic inflammation in association with infectious
diseases, and allows a differentiation in mild, moderate, severe and critical inflammation.”! Healthy individuals have
mean NLR values around 1.7.%* In LVAD patients, NLR is increased, and studies reported median pre-LVAD NLR of 4.3
and post-implant NLR at 4-6 months after implantation of 4.4.%* Higher pre-LVAD NLR is associated with mortality and
right ventricular failure.>*** According to our study results, pre-LVAD NLR > 7 could be an indicator for patients at risk
for infection in the early post-implant period. However, only 40% of the patients with infection in our study had NLR
values greater than 7, which indicates that NLR alone is not a valuable marker for post-implant infection and should be
combined with additional parameters.

According to our data, it could be hypothesized that a pre-LVAD immune monitoring including the analysis of T cells,
B cells, DCs and NLR is helpful to decrease the post-implant infection risk when combined with an increased vigilance
or adapted antibiotic therapy. The ISHLT and American Heart Association (AHA) Guidelines recommend a secondary
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antibiotic prophylaxis for the prevention of infectious events during routine procedures or dental work.?®*’ Further,
subsets of monocytes and macrophages and their activation status should be investigated to increase the knowledge of the
effects on the innate immune system. A prospective study should investigate if patients at risk for post-implant infections
would benefit from a post-implant prophylactic antibiotic regimen. Furthermore, it is conceivable to investigate if the
application of immunoglobulins or adoptive T cell therapy is helpful to reduce the risk for post-implant infection in
predisposed patients.

Conclusion

We identified specific immunological changes pre-LVAD involving lower concentrations of T and B cells, decreased
percentages of pDCs, and a higher incidence of NLRs >7 in patients with infection in the early post-implant period
compared to infection-free patients. A pre-LVAD immune monitoring could help to identify patients at risk for infection
in the early post-implant period. These patients could benefit from increased vigilance and more liberal antibiotic therapy
in the early post-implant period.

Abbreviations

AHA, American Heart Association; BDCA, blood dendritic cell antigen; BMI, body mass index; CD, cluster of
differentiation; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronisation therapy; CVA, cerebro-
vascular accident; DCs, dendritic cells; DCM, dilatative cardiomyopathy; HTx, heart transplantation; ICD, implantable
cardioverter-defibrillator; ICM, ischaemic cardiomyopathy; IFN-y, interferon-y; IL-2/4/6/10, interleukin-2/4/6/10;
ISHLT, International Society for Heart and Lung Transplantation; LVAD, left ventricular assist device; LVEF, left
ventricular ejection fraction; mDCs, myeloid dendritic cells; NK, natural killer; NLR, neutrophil-to-lymphocyte ratio;
NYHA, New York Heart Association; pDCs, plasmacytoid dendritic cells; RT, room temperature; TNF-a, tumor necrosis
factor o; Tyegs, regulatory T cells.
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