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Abstract

Background. Intravenous immunoglobulin (IVIG) can suppress the inflammatory response in adults, but
its role in pregnant women and newborns is poorly studied. While the adult immune system is considered
mature, itisimmature in neonates and suppressed in pregnancy. Since the immune response differs in these
3 groups, the use of IVIG could differentially modulate the immune response.

Objectives. We aimed to explore the effect of IVIG on myeloid blood cells from non-pregnant women,
pregnant women and newborns.

Materials and methods. Whole blood from healthy donors was incubated with lipopolysaccharide
(LPS) and/or IVIG. After O h, 24 h and 48 h of culture, Fe-gamma receptor (CD16, (D32 and (D64) expres-
sion, monocyte and neutrophil bacterial phagocytosis, and cytokine and chemokine concentrations were
determined in the supernatant.

Results. The baseline expression of monocyte (D16 was higher in newborns than in adult women, but
the expression of (D32 and (D64 was similar between groups. Furthermore, LPS and IVIG stimulation,
together or separately, did not change Fc-gamma receptor expression in monacytes or neutrophils and did
not modify their phagocytosis capacity. On the other hand, IVIG did not downregulate the proinflammatory
cytokine response induced by LPS in any group. Interestingly, IVIG induced a strong interleukin 8 (IL-8)
response in neonates but not in non-pregnant or pregnant women.

Conclusions. Ourresults show thatIVIG did not induce changes in Fce-gamma receptor expression, phagocytic
ability, or the cytokine response to LPS in blood cells from neonates, non-pregnant or pregnant women.
However, IVIG induced a strong IL-8 response in neonates that could improve immunity.
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Background

Intravenous human immunoglobulin (IVIG) is a serum-
based polyclonal pharmaceutical preparation used as a med-
ical treatment for immunodeficiencies and an immunomod-
ulator treatment in patients with autoimmunity or infectious
diseases.! Furthermore, IVIG has been used in pregnant
women to treat fetal-neonatal alloimmune thrombocyto-
penia, antiphospholipid syndrome and recurrent pregnancy
loss.2 However, the ex vivo effects of IVIG on healthy preg-
nant women and newborns have been poorly analyzed.

Non-pregnant women, pregnant women and newborns
have different immune responses. Adult female immunity
is mature, pregnant women express tolerogenicity that sup-
presses the immune response to the fetus, while newborn
immunity is immature. In addition, pregnant women and
the fetus share multiple mechanisms that regulate the im-
mune system and develop immunological tolerance during
pregnancy.®

Usually, a lower immune response is detected in new-
borns when comparing adult and newborn immune
mechanisms. However, the newborn is exposed to a dif-
ferent hormonal environment than non-pregnant women.
Pregnancy appears to be useful for contrasting the im-
mune response in non-pregnant women and newborns
because pregnant women express unique tolerogenic and
hormonal characteristics that they share with newborns.6~*
Furthermore, non-pregnant women have a level of immune
maturity shown by pregnant women when facing immu-
noregulatory challenges such as those invoked by IVIG.

The immunoregulatory effects of IVIG involve several
mechanisms, such as inhibiting lymphocyte proliferative re-
sponses, limiting the inflammatory cytokine response, and
apoptosis induction, among others.1%-12 Most of the mecha-
nisms invoked by IVIG depend on binding to Fc-gamma
receptors (FcyRs), expressed on most leukocytes.!? Three
FcyR have been described: FcyRI (CD64), FcyRII (CD32)
and FcyRIII (CD16).!12 CD64 is a high-affinity receptor for
monomeric IgG, while CD32 and CD16 are low-affinity
receptors for IgG. Monocytes constitutively express CD64,
macrophages, neutrophils express CD32, and neutrophils
and natural killer (NK) cells express CD16.13 Upon binding
of IgG to the FcyR, leukocytes mediate cytokine synthesis
and phagocytosis.!? However, FcyR expression is different
in adults and newborns, with monocyte CD16 and CD32
expression lower in adults than in newborns, while CD64
expression is higher in granulocytes in newborns than
in adults.* In mice, the cellular expression of FcyR changes
after IVIG treatment.!>1

Objectives

We used an ex vivo model to explore the effects of IVIG
on neonatal monocytes and granulocytes, and compare
it with the non-pregnant and pregnant response. Whole
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blood (WB) was stimulated with lipopolysaccharide
(LPS), and the effect of IVIG on the expression of FcyRs,
monocyte and granulocyte phagocytic capacity as well
as the proinflammatory response were analyzed.

Materials and methods
Patients and sample collection

The study included 3 groups: non-pregnant women (NP,
n = 18), prepartum pregnant women (P, n = 15) and new-
borns (N, n = 18). All adult donors were healthy women
(25 15 years old) at the time of blood collection, and pa-
tients with comorbidities such as overweight, obesity,
diabetes, hypertension, autoimmunity, and immunosup-
pression were excluded. All babies were born at term (37—
40.3 weeks of gestation) and had healthy anthropomorphic
parameters. The Research Committee reviewed and ap-
proved our study (Project: HM: INV/2015:2020), which was
conducted in accordance with the Declaration of Helsinki.
All participants provided written informed consent.

Peripheral blood (6 mL) was collected by venipuncture
from NP and P participants, while umbilical cord blood
(UCB) was collected by arterial umbilical venipuncture
(n = 18) after placenta delivery. Blood samples were col-
lected using Vacutainer® plastic sodium heparin tubes
(Cat. No. 367876, BD Biosciences, Franklin Lakes, USA).
Both UCB and peripheral blood were processed immedi-
ately after collection.

Cell culture

Whole blood (1 mL) was incubated in 24-well culture
plates (cat. No. 13485; Costar, New York, USA), either alone
or with 10 ng/mL of Escherichia coli O55: B5 LPS (cat. No.
L.2880; Sigma Aldrich, St. Louis, USA), 10 mg/mL of IVIG
(cat. No. 5240IgG6; Kedrigamma Kedrion Group, Barga,
Italy), or LPS/IVIG (both 10 ng/mL) for O h, 24 hand 48 h
at 37°C with 5% CO,.

Evaluation of Fcy receptor expression
in monocytes and neutrophils

After cell culture, 50 pL of WB was mixed with an-
tibodies, including CD45-PacificOrange (cat. No.
MHCD4530; Invitrogen, Waltham, USA), CD14-PE/Cy7
(cat. No. 301804; BioLegend, Santa Clara, USA), CD16-
APC/Cy7 (cat. No. 302018; BioLegend), CD32-PE (cat.
No. 303206; BioLegend), and CD64-APC (cat. No. 305014;
BioLegend). Appropriate compensation was performed,
and isotype controls were used for each antibody. After
15 min of incubation, erythrolysis was performed using
FACS™ Lysing Solution (cat. No. 349202; BD Biosciences).
The samples were washed twice with x1 phosphate-buff-
ered saline (PBS) (1,500 rpm, 5 min, 4°C) and resuspended
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in 100 pL of PBS. Thirty thousand single leukocytes were
acquired on a FACS Aria II flow cytometer (BD Biosci-
ences), and FCS files were analyzed using Infinicyt v. 1.8
software (Cytognos, Salamanca, Spain). The leukocytes
were single cells (FSC-A compared to FSC-H plot), CD45-
positive, and with typical size and complexity (side scatter
(SSC) compared to CD45 plot). Monocytes were SSC™id
forward scatter (FSC)™4CD45+*CD14*, and neutrophils
were SSCMIFSC™4CD45*CD16* cells. The percentage
of CD64-, CD32- and CD16-positive cells and the mean
fluorescence intensity (MFI) were calculated.

Phagocytosis assay

After cell culture, the samples were tested for phago-
cytosis according to the manufacturer’s instructions
(pHrodoTM Green Escherichia coli BioParticle Kit, cat.
No. P35381; Invitrogen). Briefly, WB was precultured
alone or with IVIG, LPS or both, and then incubated
with pHrodo-conjugated opsonized E. coli bioparticles
at 37°C or on ice for 15 min. Leukocytes were immu-
nophenotyped using anti-CD45-PacificOrange (cat. No.
MHCD4530; Invitrogen), CD14-PE/Cy7 (cat. No. 301804;
BioLegend) and CD16-APC/Cy7 (cat. No. 302018; BioLe-
gend). The cells were lysed, washed and counted, their vi-
ability was assessed, and they were resuspended in a wash
buffer for acquisition on an Aria II BD cytometer. Phago-
cytosis was evaluated as the percentage of bacteria-
positive monocytes or neutrophils, while the MFI value
represented the presence of bacteria within a cellular
acidic compartment. The nucleated phagocytes were dis-
criminated using the SSC and FSC parameters, with neu-
trophils defined by the SSC-A™¢FSC-H™¢CD45+*CD14*
phenotype.

Cytokine quantification

After culture, plasma cytokine quantification (in-
terleukin (IL)-8, tumor necrosis factor alpha (TNF-a),
IL-1B, IL-6, IL-10, and IL-12) was performed according
to the manufacturer’s instructions (LEGENDplex human
inflammation kit, cat. No. 740808; BioLegend). Data were
acquired with a FACS Aria III BD cytometer. Logarithmic
transformed data were used to construct standard curves
fitted to 10 discrete points using a 4-parameter logistic
model. Concentrations were calculated using interpola-
tions of the corresponding reference curves.

Statistical analyses

Data analysis employed IBM SPSS Statistics for Windows
v. 25.0 (IBM Corp., Armonk, USA) or GraphPad Prism
7.0 (GraphPad Software, San Diego, USA). Results are ex-
pressed as mean + standard error (M +SE) or mean + stan-
dard deviation (M +SD). Fc-gamma receptors and phago-
cytosis data were analyzed using a bootstrap repeated
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measures analysis of variance (RM-ANOVA), while cy-
tokine kinetics analysis used two-way RM-ANOVA with
Tukey’s multiple comparisons. The 95% confidence inter-
val (95% CI) was calculated for each test, and p < 0.05 was
considered statistically significant. Supplementary data
contain the normality tests, bootstrap and Tukey’s multiple
comparisons analysis for conditions analyzed.

Results

Fc-gamma receptor expression
in monocytes and granulocytes

The P blood samples contained the lowest percentage
of monocytes (2.2 £1.2%), which was lower than in N pa-
tients (8.9 +4.4%, p = 0.001). Also, pregnant women had
the highest percentage of granulocytes (69.2 £6.1%), sig-
nificantly more than N patients (40.9 £10.4%, p = 0.001).
Since the monocyte and granulocyte percentages differed
between P and N, we calculated if the expression of FcyR
per cell was different between the groups and calculated
MF1/% for CD16, CD32 and CD64. Table 1 shows the index
for each Fc-gamma receptor (FcyR) on monocytes and
neutrophils.

At the beginning of the kinetics assessment, N showed
the highest CD16 index in monocytes, with a statistical
difference between the NP and N CD16 index (282 +199,
95% CI: —109.4—674.5 compared to 2003.7 +199; 95% CI:
1,611-2,395). After 24 h and 48 h of culture, the CD16
index decreased for each group, though only the N CD16
index decreased from O h to 48 h (2004 +199; 95% CI:
1611-2,395 compared to 221.1 +141.1; 95% CI: —56—498.3).

Treatment with IVIG, LPS or IVIG+LPS did not induce
significant changes in the CD16 index during kinetics.
Generally, the neutrophil CD16 index was similar in NP
and P, and remained almost unchanged with or without
IVIG or LPS. Meanwhile, the CD16 index in N neutrophils
remained unchanged when WB was cultured alone. In con-
trast, IVIG, LPS and IVIG+LPS decreased the CD16 index
in N after 48 h of culture (525 +199; 95% CI: 133.2-917.3
compared to 273.8 +141.1; 95% CI: —3.3-551; 241.6 +141.1;
95% CI: —35.5-518.8; and 280.8 +141.1, 95% CI: 3.6—558,
respectively).

The monocyte CD32 index was similar between times
and groups throughout, with only IVIG causing a signifi-
cant change in the CD32 index between 24 h and 48 h
in NP women (77.8 £261; 95% CI: —434.8—590.6 compared
to 345.6 +261.1; 95% CI: —167-858.4). Also, the neutro-
phil CD32 index was changed by IVIG between 24 h and
48 h (111.3 +261.1; 95% CI: —401.4—624 compared to
346.4 +261.1; 95% CI: —166.2—859.2). Furthermore, N had
the lowest CD32 index after 48 h of culture with IVIG, with
the response lower than P and NP (194.6 +182, 95% CI:
—163.1-552.5 or 43.7 £257.7; 95% CI: —462.3-549.8 com-
pared to 346.4 £261.1; 95% CI: —166.2—-859.2, respectively).
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Table 1. FcyR index on monocytes or neutrophils of non-pregnant women, pregnant women and newborns

CD16 MFI/% monocytes
WB alone 282 £275 549 +350 1920 £2427 47 28 342 £248 319 £298 80 £35 125 +35 526 £437
+IVIG 282 +275 549 +£350 1920 +2427 862 296 +£122 167 £112 134 £96 132£70 358 £195
+LPS 282 £275 549 £350 1920 £2427 124 416 £434 312 £222 141 £107 126 £109 270 £202
++IVIG+LPS 282 £275 549 +£350 1920 £2427 124 416 £434 312 £222 96 £52 99 £51 383 £447
CD32 MFI/% monocytes
WB alone 230 £137 122 £55 139 £46 310£32 239 £55 227 £159 349 £282 200 £30 344 +£297
+VIG 230 £137 122 £55 139 +46 77 £22 182 £42 127 £62 345 £221 202 £102 201 £118
+LPS 230 £137 122 55 139 46 198 161 192 £106 211 £137 216 £148 144 £45 183 £147
+IVIG+LPS 230 £137 122 £55 139 £46 198 £161 192 £32 211 £137 197 £102 160 £9 172 £106
CD64 MFI/% monocytes
WB alone 232460 208 +110 135 +26 225449 349 £91 164 £103 300+103 191 £53 155 +76
+IVIG 232 £60 208 £110 135 £26 276 £164 270 £68 150 £34.99 281 £187 204 £21 110£13
+LPS 232 +60 208 £110 135+26 432 +254 317 %123 248 £150 399 £218 197 +43 208 £123
+IVIG+LPS 232 60 208 +110 135 £26 432 £60 317 +£123 155 £76 399 £102 250 +£26 133 £66
CD16 MFI/% neutrophils
WB alone 386 +447 432 +£276 351 £337 784 £739 444 +235 369 £302 273 £276 328 £211 324 £253
+VIG 386 +447 432276 351 +337 409 £109 392 +267 431+313 3124269 341 211 324 +238
+LPS 386 +447 432 £276 351 +£337 405 £459 355 £235 403 £274 248 £266 307 £213 306 £243
+IVIG+LPS 386 +447 432 £276 351 +£337 405 £459 355£235 403 £274 332210 374 £240 229 +£180
CD32 MFI/% neutrophils
WB alone 83 +24 145 £81 8910 129 £90 88 +41 80 36 216 £173 63 +£26 120 £88
+IVIG 83 +24 145 £81 89+10 111 £90 37 6 45 £7 346 £263 43 £7 42 £15
+LPS 83 £24 145 £81 8910 104 £67 264 +£314 101 £53 143 £91 75+18 90 £35
+IVIG+LPS 83 +24 145 £81 8910 104 £67 264 £314 101 £53 132 £70 119 £97 60 £33
CD64 MFI/% neutrophils
WB alone 100 £71 159 £49 93 +£27 133 £89 148 £24 190 £128 177 £227 346 +320 164 £106
+IVIG 100 £71 159 £49 93 27 141 £111 184 £84 141 £67 151 £182 169 £51 187 £119
+LPS 100 £71 159 £49 93 27 134 £84 167 £71 165 £77 123 £103 246 £123 177 £127
+IVIG+LPS 100 £71 159 £49 93 +27 134 84 167 £71 165 £77 165 +88 283182 127 £89

Data show the mean + standard deviation (M £SD) for each FcyR index on monocytes or neutrophils. Non-pregnant women (NP, n = 5), pregnant (P, n = 3)
and newborns (N, n = 5). Differences among groups were calculated using a bootstrap repeated measures analysis of variance (RM ANOVA). The whole
bootstrap RM ANOVA is shown in Supplementary Table 1. WB — whole blood; IVIG - intravenous immunoglobulin; LPS - lipopolysaccharide.

The monocyte CD64 index showed some differences be-
tween NP and P, with P monocytes from WB cultured alone
having a lower CD64 index after 48 h than at 24 h of culture
(191.3 £257.7; 95% CI: =314.7—697.4 compared to 208.5 +257;
95% CI: —297.5-714.6). Meanwhile, LPS led to a higher CD64
index after 24 h compared to 0 h of culture in the NP group
(432.9 £202.2; 95% CI: 35.7-830 compared to 232.9 +£199.6;
95% CI: —159—-624.9). In contrast, N monocytes did not show
statistical differences in the CD64 index. However, a lower
CD64 index was detected in N monocytes than NP monocytes
after 48 h of culturing WB alone (221.3 141.1; 95% CI: —55.8—
498.5 compared to 300.8 +202.2; 95% CI: —96.3—697.9), and
with IVIG (146.8 +141.1; 95% CI: —130.3—424 compared to
281.1 £202.2; —95% CI: 116—678.3), LPS (130.3 £141.1; 95% CL:

—146.8-407.5 compared to 3994 +202; 95% CI: 2.2-796.6)
or IVIG+LPS (146.8 £141.1; 95% CI: —130.3—424 compared
t0 399.6 +202.2; 95% CI: 2.4—796). These differences were not
observed in the CD64 index of neutrophils, with only minor
changes detected.

Effect of intravenous immunoglobulin
on phagocytosis

Since IVIG can opsonize antigens or interact with FcyRs
to enhance or reduce the phagocytic capacity of blood cells,
we performed an ex vivo phagocytosis assay. We observed
that monocytes from the NP and P groups had a similar per-
centage of cells that phagocytosed bacteria. On the contrary,
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Table 2. Comparison of pHrodo Escherichia coli phagocytosis in monocytes and neutrophils of non-pregnant women, pregnant women and newborns

ina 24-h culture

Phagocytosis

% monocytes
bacteria-positive
VIG 76.1 £2.5 873 +£28 76+113 82980 782126 37432
LPS 76.1 £2.5 873128 76 £11.3 68.7 £10.0 84.1 £4.5 345 +9
IVIG+LPS 76.1 £2.5 87.3+£28 76 +£11.3 743 £15 88 +£1.0 38545
% neutrophils
bacteria-positive
WB alone 82879 93332 93.7 4.0 785457 932+19 49.1 +294
VIG 82879 93332 93.7 £4.0 51.2£159 925+35 54.8 £9.6
LPS 82879 93332 93.7 +4.0 528 £14.1 949 £6.2 51443
IVIG+LPS 82879 933 +£32 93.7 £4.0 74.7 £0.6 939 +6.9 538432

Data show the mean + standard deviation (M +£5D) of percentage in monocytes and neutrophils. Non-pregnant (NP, n = 3), pregnant (P, n = 3) and
newborns (N, n = 3). Differences between times and groups were calculated using a bootstrap repeated measures analysis of variance (RM ANOVA).
The whole bootstrap RM ANOVA is shown in Supplementary Table 2. WB — whole blood ; IVIG - intravenous immunoglobulin; LPS - lipopolysaccharide.

the percentage of phagocytic monocytes in N was lower
than in NP or P (74.5 £1,076.6; 95% CI: -2,049.9-2,198.9
compared to 90.8 +1,076.6; 95% CI: -2,033.5-2,215.2,
or 93.8 +1076.6; 95% CI: —2,030.6-2,218.2, respectively).
Interestingly, culture conditions (IVIG, LPS, or IVIG+LPS)
or 24 h with stimulation did not induce changes in the per-
centage of phagocytic monocytes in NP or P women, but
the phagocytic ability of N was severely compromised after
24 h of culture, independently of stimulus.

Regarding neutrophils, their intrinsic ability to phago-
cytose bacteria was reduced in N compared to NP and
P women but did not change by stimulus or incubation
time (Table 2). In addition to evaluating the percentage
of cells that phagocytosed bacteria, we quantified the rela-
tive amounts of intracellular bacteria. According to the re-
duced percentage of monocytes that phagocytosed bac-
teria at 24 h of incubation, intracellular bacteria was only
reduced in N, but not in NP or P women. For neutrophils,
the number of phagocytosed bacteria was similar among
the 3 groups based on stimulus and incubation time (Sup-
plementary Table 2).

Cytokine response to intravenous
immunoglobulin

Figure 1 shows the cytokine response to IVIG, LPS and
IVIG+LPS challenge in WB cultures of adults and new-
borns. As expected, all groups had a cytokine response
after the LPS stimulus, and the IL-10, IL-6 and IL-8 con-
centrations were higher than in the WB cultured alone.
However, the IL-6 response was lower in P than in NP
(Fig. 1D, p < 0.001) and N (Fig. 1F, p < 0.001) after 12 h and
24 h of LPS challenge (Fig. 1D-F, p < 0.001 for both). Fur-
thermore, IVIG alone did not evoke an IL-1 or IL-6 in re-
sponse in NP or P women, but it did for IL-8 in N after 12 h

and 24 h of culture (Fig. 11, both p < 0.001). The IVIG+LPS
challenge led to similar IL-1B, IL-6 and IL-8 kinetics
in adults and newborns. In addition, the cytokine response
elicited by IVIG+LPS was similar to the cytokine response
to LPS alone in all groups.

Discussion

Intravenous immunoglobulin is an immunomodulator
used to treat various diseases. However, since non-preg-
nant women, pregnant women and newborns have differ-
ent regulatory and ontogeny statuses, the IVIG immuno-
modulation mechanism could also differ in each group.
The current work presents the basal differences between
groups and the effect of IVIG on myeloid cells under LPS
stimulus in NP, P and N.

Since IVIG can stimulate the synthesis of cytokines and
promote phagocytosis, among other effects, we explored
whether it could change the expression of FcyRs (CD16,
CD32 and CD64) over 24 h. Before the stimulus, consistent
with other reports, our data showed differential expression
of FcyRs at baseline in adults and newborns (Table 1), but
when used alone or in combination, IVIG only reduced
monocyte and neutrophil CD16 expression in newborns
after 24 h. Furthermore, CD16 only reached statistical sig-
nificance in newborns, even though adults and newborns
tended to express lower levels. These results suggest that
adults and newborns could express differential biological
activity elicited by IVIG through varied CD16 expression.

Among FcyRs, the CD32b isoform (FcyRIIb) expresses
immunoreceptor tyrosine-based inhibitory motifs!317 and
could support an inhibitory IVIG-mediated response.
Intravenous immunoglobulin has been reported to in-
crease CD32b expression in myeloid cells, maintaining
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Fig. 1. Cytokine response after lipopolysaccharide (LPS) and intravenous immunoglobulin (IVIG) challenge. Whole blood was cultured for 0 h, 12 h

or 24 hin the presence or absence of LPS and IVIG, after which the plasma was collected, and cytokine levels were determined. Ten pairs of mothers
and neonates are shown, including non-pregnant women (NP, n = 9), pregnant women (P, n = 9) and neonates (N, n = 9). Results are expressed as mean
+ standard deviation (M £SD) with 95% confidence interval (95% Cl) and were analyzed with two-way analysis of variance (ANOVA) with Tukey’s multiple

comparisons and significance set at p < 0.05

an anti-inflammatory response.!1218 Therefore, we ana-
lyzed the CD32 index in monocytes and neutrophils in re-
sponse to IVIG, but its expression was similar in P and N,
with an increased index only observed in NP women (Sup-
plementary Table 1). The study did not analyze the expres-
sion of CD32b. As such, future studies must be conducted
to determine whether IVIG could overexpress CD32b.
Kozicky et al.! reported that IVIG skews monocytes
to an anti-inflammatory response. Even when the expres-
sion level of FcyR is similar among non-pregnant women,
pregnant women and newborns, the transduction signal
induced by IVIG after engaging the FcyR could be differ-
ential and lead to an inflammatory or anti-inflammatory
response. Regarding CD64 expression, Maeda et al.!* re-
ported that neonatal granulocytes expressed higher levels
of CD64, and Luppi et al.2% and Davis et al.?! showed that
CD64 expression in polymorphonuclear cells gradually
increased in the 3 trimester of pregnancy. Our data show
that the monocyte CD64 index was consistently higher
in non-pregnant women than in newborns (Table 1),
though this was not the case for the neutrophil CD64 in-
dex, which remained similar between groups and over time
(Table 1 and Supplementary Table 1). In summary, FcyR

expression in non-pregnant or pregnant women and new-
borns was differential, and IVIG only increased the mono-
cyte and neutrophil CD32 index in non-pregnant women.
Phagocytosis could be regulated by IVIG through FcyR.
However, contrary to Gille et al.,?? we did not observe an in-
crease in phagocytosis after IVIG treatment. Mononuclear
cells were used in the study by Gille et al. (in vitro model),
while we used WB (ex vivo model). We argue that our
ex vivo model is closer to the response that could be ob-
served in vivo. Our findings showed that both adult groups
(non-pregnant and pregnant) expressed more than 80%
of pHrodo E. coli-positive monocytes after 24 h in culture.
In contrast, only 75% of neonatal monocytes had this ability
at the beginning of the culture, which was less than 20% af-
ter 24 h. Such a functional limitation in newborns could be
due to the physiologic leukocytosis. Despite this condition,
IVIG did not change the response to phagocytosis in adults
or newborns. Monocytes and neutrophils are fundamental
phagocytic cells in peripheral blood that support many as-
pects of inflammatory immune responses.? In particular,
they produce large amounts of IL-1f, IL-6 and IL-8.24-26
Intravenous immunoglobulin could limit the produc-
tion of inflammatory cytokines, such as TNF-a, IL-1 and
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IL-6 in patients with sepsis.?’~? However, some studies
found that IVIG could have inhibitory or enhancing effects
on IL-6 concentration.?%3! Our results showed that IVIG
increased IL-8 concentration in newborns but not adults,
suggesting that it may be especially important for modulat-
ing the inflammatory response in newborns. Interestingly,
we observed a low IL-8 response in the mother, indicating
that the pregnant state could modulate the effects of IVIG.
Such an IL-8 response could promote neutrophil migra-
tion and support inflammation in newborns; however,
limited phagocytosis by neutrophils could limit the ef-
fect in the neonate. On the other hand, higher produc-
tion of IL-8 in newborns could compensate for the lower
phagocytic capacity.

Although IVIG has been used in adults and newborns
with sepsis,!83233 contradictory results have been re-
ported. Indeed, since IVIG did not improve fatal outcomes
in newborns, its use is not recommended in this group.343°
In contrast, some authors report prevention of early sepsis
through IVIG treatment,® though its use does not pre-
vent fatal outcomes. More studies are needed to determine
if the clinical condition improves with this immunomodu-
latory drug. Furthermore, it should be elucidated if IVIG
could substantially support the treatment of newborns.

Limitations

Our study had several limitations, such as small sample
sizes and short-term kinetics. Nonetheless, the study showed
differential IL-8 responses between groups, indicating that
IVIG could up-regulate different mechanisms in adults and
newborns. We infer that the hormonal status in pregnant
women and newborns is similar since steroids can pass
through the placenta, as are some of the characteristic
tolerogenic and immunoregulatory responses. However,
we did not analyze the hormonal status in any of the groups
and cannot determine if they regulate the response to IVIG.

Our model was limited to the UCB response after birth,
and newborn peripheral blood can express different re-
sponses. In addition, the response to IVIG can vary in new-
borns if they have an infection at birth. More studies are
needed to determine the responses to IVIG in adults and
newborns.

Conclusions

Intravenous immunoglobulin induced a strong IL-8
response in the cord blood of newborns that could lead
to improved immunity.

Supplementary data
The Supplementary materials are available at https://

doi.org/10.5281/zenodo.10407063. The package includes
the following files:
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Supplementary Table 1. FcyR Index on monocytes
or neutrophils of non-pregnant women, pregnant women
and neonates during 48 h of culture, and the bootstrap RM
ANOVA test for Table 1.

Supplementary Table 2. Mean fluorescence intensity
of bacteria phagocyted by monocytes or neutrophils
of non-pregnant women, pregnant women and neonates,
and the bootstrap RM ANOVA test for Table 2.

PROIVIg Cytokine Normality test dic2023. Excel archive
with the normality test of cytokine.

PROIVIg cytokine Tukey’s test dic2023. Excel archive
with the Tukey test of cytokine.

PROIVIg Fcgamma R monocyte normality test dic2023.
Excel archive with the normality test of FcgammaR
on monocyte.

PROIVIg Fcgamma R PMN normality test dic2023. Excel
archive with the normality test of FcgammaR on PMN.

PROIVIg phagocytosis monocyte normality test dic2023.
Excel archive with the normality test of phagocytosis
on Monocyte.

PROIVIg phagocytosis PMN normality test dic2023.
Excel archive with the Normality test of phagocytosis
on PMN.
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rent study are available from the corresponding author on
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