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Abstract
Transfer factors are known since 1955 due to their activities on the immune system. Although
the reports on the effects on diverse immune mechanisms, their role on Th1, Th2, Th17 and
Treg responses was still not described. In this sense, the present work focused on the evaluation
of such immune responses. For that, human lymphocytes, and mice thymic, splenic and Peyer’s
cells were stimulated with Lipopolysaccharides and Concanavalin A, and then treated with
isolated transfer factors (Imuno TF®). The culture medium was harvested and the quantification
of Th1 cytokines (IL-2 and IFN-γ), Th2 cytokines (IL-4, IL-5, and IL-13), Th17 cytokine (IL17), Treg cytokine (IL-35), inflammatory cytokines (IL-6 and TNF-α), and anti-inflammatory
cytokine (IL-10) was performed, as well as the quantification of mRNA levels. Imuno TF®
positively regulated Th1 cytokines, while decreased Th2 cytokines. It also increased levels of
mRNA and secretion of the anti-inflammatory cytokine IL-10, whereas it reduced levels of
mRNA and the secretion of pro-inflammatory cytokines IL-6 and TNF-α. Finally, it reversed
the hypersecretion of IL-17 and did not promote significant changes in IL-35 secretion. This
highlights the role of Imuno TF® in the regulation of the immune responses.

1. Introduction
Recently, it has been a wide interest in products that can strengthen the immune system against
pathogenic microorganisms, such as bacteria and virus. One of these products is Imuno TF®, a
nutritional supplement composed of oligo- and polypeptides fractions from porcine spleen, also
known as transfer factors (TF). They were first described in 1955 and later characterized at the
molecular level [1–3], being now understood as short chains of amino acids with small pieces
of ribonucleic acid (RNA) attached [4,5].
To date, however, few studies have shed light on the fully elucidation of its mechanism of
action. The current body of research shows that the TF main role in the immune system is the
regulation of the immune responses. There is evidence that TF are released by CD4 +
1

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.06.371435; this version posted November 7, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

lymphocytes [6,7] and then essentially involved in the Th1 response, leading to an increase in
Th1 cytokine levels (essentially IFN-) and suppressing the production of Th2 cells and their
related cytokines such as IL-4, IL-5, IL-6, IL-10 and IL-13 [8,9].
Preliminary studies have also shown that TF can potentially play roles in: (i) CD4+ cells
activation, triggering the production of IL-1 and IFN- [8–11]; (ii) macrophage activation,
through the stimulation of IFN-𝛾 production [9,10], (iii) modulation of the response to the
recognition of micro-organism through the activation of TLR4-MD2 complex, which occurs
through the MyD88-mediated NF-B pathway [12]; (iv) inhibition of TNF-α production,
through the inhibition of the NF-B [12,13]; and (v) possible maintenance of physiological IL7 levels [14]. In this sense, TF can possibly regulate the immune system by stimulating it
against microorganisms, while avoiding immune hyperresponsiveness.
In this regard, a current central issue is to understand which cytokines are indeed expressed
and secreted when TF are endogenously released or exogenously administered. In this sense,
the present work aims to help in the better understanding on the mechanisms of action of the
TF on the immune system, focusing on Th1, Th2, Th17 and Treg responses.

2. Materials and Methods

2.1. Reagents
Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine serum (FBS), penicillinstreptomycin, and phosphate-buffered saline (PBS) were obtained from Gibco BRL (Grand
Island, CA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT),
Lipopolysaccharides (LPS) and Concanavalin A (ConA) were purchased from Sigma-Aldrich
(St. Louis, Mo., USA). Imuno TF® was supplied by Infinity Pharma Brasil (Campinas, SP,
Brazil), a Fagron company (Rotterdam, The Netherlands).

2.2. Animal and cell culture studies
The experiments were conducted using human lymphocytes and mice thymic, Peyer´s and
splenic cells. This study was carried out after approval by the local Human and Animal Ethics
Committees (approval numbers 4.142.254 and AN0018-2014, respectively). The animals were
housed under specific pathogen-free conditions. The human lymphocytes were isolated from
fresh heparinized venous blood via centrifugation over Ficoll gradients (Histopaque-1077;
Sigma-Aldrich, Gillingham, United Kingdom) according to the manufacturer’s protocol.
Human lymphocytes were incubated with LPS (1.0 μg/mL) or ConA (2.5 μg/mL) for 2 hours,
at 37º C, in a 5% CO2 humidified atmosphere and treated or not with Imuno TF® (10 μg/mL
and 100 μg/mL) for 24 hours. Mice were euthanized and their thymus, spleen, and Peyer's
patches from intestinal wall were removed for in vitro analysis. Purified cells obtained from
mice tissues were washed and resuspended in appropriate culture medium. The cells were
cultured in RPMI-1640, supplemented with 10% FCS, L-glutamine (2mol/L), and antibiotics
(100U/mL penicillin and 100 mg/mL streptomycin). Five hundred thousand (5x105) cells were
seeded in 25 cm2 culture flasks and maintained at 37°C under an atmosphere of 5% CO2. Fresh
medium was added every 2 days, and the cells were harvested and diluted 5-fold every 7 days.
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Cells were stimulated with LPS (1.0 μg/mL) or ConA (2.5 μg/mL) for 2 hours and treated or
not with Imuno TF® (10 μg/mL and 100 μg/mL) for 24 hours.

2.3. Thymocytes, Spleen and Peyer´s patches preparation
Male BALB/c mice, aged four-eight weeks, were obtained from the animal facility of the
Federal University of São Paulo (UNIFESP) (São Paulo, Brazil). The mice thymic cells
(thymocytes) were prepared by smashing thymic tissue through a 100 µm mesh. The cells were
then washed and suspended in RPMI-1640 medium that was supplemented with 10% FCS, Lglutamine (2 mol/L), and antibiotics (100 U/mL penicillin and 100 mg/mL streptomycin). The
cells were cultured in flasks at 37°C with 5% CO2 in humidified air. The spleen cells (2×106
cells/well) from mice were incubated in culture flask and stimulated with LPS and Con A, as
previously described. The cells were maintained in an incubator with 5 % CO2 at 37°C for 72
h. Subsequently, the cells were centrifuged at 700×g for 8 min and the supernatant was
collected for cytokine determination by specific solid-phase sandwich enzyme-linked
immunosorbent assay (ELISA). The BALB/C mice (4-8 weeks) had about 5 to 10 lymphoid
follicles from the Peyer´s patches removed and transferred, under aseptic conditions, to a
polyethylene tube containing DMEM medium supplemented with 10% foetal bovine serum,
penicillin (100 U/mL) and streptomycin (100 µg/mL). The follicles were macerated, with the
aid of a syringe plunger, against a nylon membrane with 40 µm pores. The cell suspension was
centrifuged at 1000 rpm for 5 minutes. After centrifugation, the cells were washed twice with
5 ml of culture medium. At the end of the washing, the cell pellet was resuspended in 5 mL of
supplemented medium, for counting viable lymphocytes, by staining with the trypan blue
exclusion dye. The cells isolated from Peyer´s patches were transferred in triplicate, to a 24well plate, at a concentration of 1.0x106 cells/well. After treatment with Imuno TF®, stimulated
or not with Con A or LPS, lymphocytes were incubated for 24 hours and the supernatant was
used for cytokine determination by ELISA.

2.4. Cytotoxicity evaluation of Imuno TF® by MTT assay
For all the experiments, a stock solution of Imuno TF® was prepared by dissolving the
compound directly in culture media at 10-300 µg/mL. The cell viability of control and Imuno
TF®-treated human lymphocytes and mice thymocytes cells were measured using a standard
MTT assay. Briefly, 5×104 viable cells were seeded into clear 96-well flat-bottom plates in
RPMI 1640 medium supplemented with 10% foetal bovine serum (FBS) and incubated with
different concentrations (10-300μg/mL) of Imuno TF® for 24h. Then, 10 μL/well of MTT (5
mg/mL) was added and the cells were incubated for 4h. Following incubation, 100μL of 10%
sodium dodecyl sulphate (SDS) solution in deionized water was added to each well and left
overnight. The absorbance was measured at 595 nm using a microplate reader (Molecular
Device).
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2.5. Cytokines quantification
Cells were stimulated for 2 hours with LPS or Con A, treated or not with Imuno TF®
(100μg/mL) for 24h, as describe above (item 2.2). The culture medium was harvested and the
quantification of Th1 cytokines (IL-2 and IFN-γ), Th2 cytokines (IL-4, IL-5, and IL-13), Th17
cytokine (IL-17), Treg cytokine (IL-35), inflammatory cytokines (IL-6 and TNF-α), and antiinflammatory cytokine (IL-10) was performed using ELISA kits (R&D Systems, Minneapolis,
MN, USA) according to the manufacturer’s protocol.

2.6. Reverse transcription quantitative PCR (RT qPCR)
Total RNA extracted from cells samples was converted to cDNA using a SuperScript ® III RT
kit (Invitrogen, Carlsbad, CA), according to the manufacturer's protocol. The concentration of
RNA was detected using a NanoDrop 2000 (Thermo Fisher Scientific, Inc.). GAPDH were
used as the internal control. The thermocycling conditions were as follows: 95˚C for 10 min
followed by 35 cycles of 95˚C for 15 sec and 55˚C for 40 sec. The 2 ΔΔCq method was used
to quantify the relative gene expression levels of the target genes. Relative standard curves
were generated by serial dilutions and all samples were run in triplicates. Table 1 indicates the
sense and antisense sequences of primers used in qRT-PCR analysis.
Table 1: Sense and antisense sequences of primers used in qRT-PCR analysis.
Forward 5′-CGGTGTGAACGGATTTGGC-3′
GAPDH [15]
Reverse 5′-GTGAGTGGAGTCATACTGGAAC-3′
IFN-γ [16]
IL-2 [16]
IL-4 [17]
IL-5 [18]
IL-13 [19]
IL-17 [20]

IL-35
(IL-2p35/Ebi3) [21]

IL-6 [22]
TNF-α [16]
IL-10 [17]

Forward 5′-ATGAAATATACAAGTTATAGC-3′
Reverse 5′-TTACTGGGATGCTCTTCGACCTCGAAACAGCAT-3′
Forward 5′-GAATGGAATTAATAATTACAAGAATCCC-3′
Reverse 5′-TGTTTCAGACCCTTTAGTTCAG-3′
Forward 5´-AAAGAACACAAGCGATAAGGAA-3´
Reverse 5´- TTCAGTGTACTCTTCTTGATTTCATT-3´
Forward 5´- AGCTGCCTACGTGTATGCCA-3´
Reverse 5´-GCAGTGCCAAGGTCTCTTTCA-3´
Forward 5'-GCTCCTCAATCCTCTCCTGTT-3'
Reverse 5'-GCAACTTCAATAGTCAGGTCC-3'
Forward 5′-CTCCAGAAGGCCCTCAGACTAC-3′
Reverse 5′-GGGTCTTCATTGCGGTGG-3′
(IL-12 p35) Forward 5´-CTGCATCAGCTCATCGATGG-3´
(EBi3) Forward 5´-TGTTTCCCTGACTTTCCAGG
(IL-12 p35) Reverse 5´- CAGAAGCTAACCATCTCCTGGTTT-3´
(EBi3) Reverse 5´-GGGGCAGCTTCTTTTCTTCT-3´
Forward 5′-ATGAACTCCTTCTCCACAAG-3′
Reverse 5′-ACATTTGCCGAAGAGCCCTCAG-3′
Forward 5′-CAGAGGGAAGAGTTLCCCAG-3′
Reverse 5′-CCTTGGTCTGGATAGGAGACG-3′
Forward 5′-GAGCAGGTGAAGAGCGCATTTAGTA-3′
Reverse 5′- GCCATCCTGGGTGTTTTGTTCTCCA-3′
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2.7. Statistical analysis
The results were expressed as the mean ± standard error of mean (SEM) from at least three
independent experiments, unless stated otherwise. Paired data was evaluated by Student’s ttest. One-way analysis of variance (ANOVA) was used for multiple comparisons. A p value of
<0.05 was considered significant.

3. Results

3.1. Cell viability
To determine the optimal concentration without compromising cell viability, the MTT test with
dose-response of Imuno TF®-mediated effects on cell proliferation was performed (Figure 1).
The concentrations of 10 μg/mL and 100 μg/mL were defined as the study doses.

Figure 1: Effects of Imuno TF® on (A) human lymphocytes, (B) murine thymocytes, (C) murine Peyer´s
cells and (D) murine splenocytes. Cells were treated with different concentrations of Imuno TF ® for
24 hours; 10 and 100 μg/mL were defined as test concentrations for all experiments. Values are
expressed as mean ± SEM (n=3), and ∗ indicates p< 0.05.
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3.2. Th1 cytokines secretion
Figure 2 shows the significant increase of IL-2 and IFN-γ levels (*p<0.05) in the supernatant
of human lymphocytes and murine thymocytes (Imuno TF® standalone or in the presence of
LPS and ConA). In the lymphocytes, treatment with Imuno TF® demonstrated a reduced
cytokines secretion when compared to LPS and ConA groups, indicating that Imuno TF® does
not compromise the Th1 response. Thymocytes also showed reduced levels of IL-2 and IFNγ, but with values similar to control group and statistically lower (# p <0.05) than LPS and
ConA-treated cells.

Figure 2: Evaluation of the secretion of Th1 cytokines by human lymphocytes (A and B) and murine thymocytes
(D and E). The concentrations of 10 and 100 μg/mL of Imuno TF ® were used for 24 hours. Values are expressed
as mean ± SEM (n=3), ∗ indicates p < 0.05 vs. control (non-treated cells), and # indicates p < 0.05 vs. LPS and
ConA-treated cells. (C and D) show the influence of Imuno TF ®, alone, on the secretion of Th1 cytokines.

In addition, Figure 3 shows the secretion of IL-2 and IFN-γ on Peyer´s patches cells and on
splenocytes, both from mice. The results showed a similar secretion profile when compared
with human lymphocytes.
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Figure 3. Effects of Imuno TF® on IL-2 and IFN-γ secretion by Peyer´s cells (A and B) and splenocytes (D and
E). Cells were treated with 10 and 100 μg/mL of Imuno TF ® for 24 hours. Values are expressed as mean ± SEM
(n=3), ∗ indicates p < 0.05 vs. control (non-treated cells). (C and F) show the influence of Imuno TF® on the
secretion of Th1 cytokines.

3.3. Th2 cytokines secretion
Differently from the profile observed in Th1 cytokine secretion, Th2 cytokines were reduced
on the cells that were challenged by LPS and ConA and were treated with Imuno TF® (#p
<0.05). In addition, Imuno TF®, in the absence of LPS and ConA, significantly reduced (*p
<0.05) the cytokine secretion of the Th2 response. Figure 4 shows the influence of Imuno TF®
on cytokine secretion.
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Figure 4: Th2 cytokines secretion by human lymphocytes and murine thymocytes. Cells were treated with 10 and
100 μg/mL of Imuno TF® for 24 hours. Values are expressed as mean ± SEM (n=3), ∗ indicates p < 0.05 vs.
control (non-treated cells) and # indicates p < 0.05 vs. LPS and ConA-treated cells. (D and H) show the influence
of Imuno TF® on the secretion of Th2 cytokines.

The influence of Imuno TF® alone on the cytokine secretion of Peyer´s patches and the
splenocytes obtained both from mice was also evaluated (Figure 5).

3.4. Th17 and Treg secretion
The secretion of IL-17 and IL-35 were evaluated and are represented on Figures 6-7.
Regarding on human lymphocytes, the treatment of cell cultures with Imuno TF® reduced the
levels of IL-17 (#p <0.05), when compared with stimulated-cells (LPS and ConA). The
secretion of IL-35 showed no significant reduction. On the other hand, the Imuno TF®-treated
thymocyte cultures showed significant reduction (#p <0.05) in IL-35 secretion (Figure 6).
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Figure 5: Secretion of IL-4, IL-5, and IL-13 secretion by Peyer´s cells (A, B, and C) and splenocytes
(E, F, and G) after treatment with Imuno TF® on. Cells were treated with 10 and 100 μg/mL for 24
hours. Values are expressed as mean ± SEM (n=3), ∗ indicates p<0.05 vs. control (non-treated cells)
and # indicates p<0.05 vs. LPS and ConA-treated cells. (D and H) show the influence of Imuno
TF® on the secretion of Th2 cytokines.

Figure 6: Effects of Imuno TF® on IL-17 and IL-35 from human lymphocytes (A and B) and murine thymocytes
(D and E). Cells were treated with 10 and 100 μg/mL of Imuno TF ® for 24 hours. Data shown are representative
of three independent experiments. The values are expressed as mean ± SEM, ∗p < 0.05 indicates statistical
difference vs. control (non-treated cells), and #p < 0.05 indicates statistical difference vs. LPS and ConA-treated
cells. Figures C and F show the influence of Imuno TF® on the secretion of IL-17 and IL-35.
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The secretion of IL-17 and IL-35 in Peyer’s cells and splenocytes, showed a significant
reduction only in the secretion of IL-17 dosed in Peyer’s cells treated with Imuno TF® (#p
<0.05). Specifically, Peyer's cells and splenocytes stimulated with LPS showed a reduction in
IL-35 (Figure 7B) and in IL-17 (Figure 7D).

Figure 7. Effects of Imuno TF® on IL-17 and IL-35 from murine cells. Peyer´s cells (A and B) and splenocytes
(D and E). Cells were treated with 10 and 100 μg/mL of Imuno TF ® for 24 hours. Data shown are representative
of three independent experiments. The values are expressed as mean ± SEM, ∗p < 0.05 indicates statistical
difference vs. control (non-treated cells), and #p < 0.05 indicates statistical difference vs. LPS and ConA-treated
cells. Figures C and F show the influence of Imuno TF® on the secretion of IL-17 and IL-35.

3.5. Inflammatory and anti-inflammatory cytokines
We also investigated the role of Imuno TF® in the secretion of inflammatory cytokines (IL-6
and TNF-α) and IL-10, a cytokine - with multiple effects in immunoregulation. The results in
Figure 8, showed that TNF-α values were reduced (#p <0.05) in the presence of Imuno TF®,
when compared to the secretion values of cells stimulated with LPS and ConA. Regarding IL6, only in the treatment situations with the highest concentration of Imuno TF® (100µg/mL),
we observed a significant reduction in the secretion of IL-6, when compared with stimulated
cells.
The secretion of IL-10, a cytokine with anti-inflammatory properties, is indicated on Figure 9.
In all situations of stimulus with LPS and ConA, no significant changes were observed. Except
in human lymphocytes, where IL-10 secretion was significantly lower (#p <0.05), when
compared to cells stimulated with LPS and ConA (Figure 9A). The results of the evaluation
of the Imuno TF® alone (without stimulation of LPS or ConA), showed a significant increase
in the secretion of IL-10, with the highest concentration tested (Figure 9E-9G). However,
Figure 9H shows that in splenocytes, no significant changes were observed in any treatment
situation for these cells.
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Figure 8: Effects of Imuno TF® on IL-6 and TNF-α from human lymphocytes and murine cells (thymocytes,
splenocytes and Peyer´s cells). Lymphocytes cells (A, B and C); Thymocytes (D, E and F); Peyer´s cells (G, H
and I) and Splenocytes (J, K and L). Cells were treated with 10 and 100 μg/mL of Imuno TF® for 24 hours. Data
shown are representative of three independent experiments. The values are expressed as mean ± SEM, ∗p < 0.05
indicates statistical difference vs. control (non-treated cells), and #p < 0.05 indicates statistical difference vs. LPS
and ConA-treated cells. (C, F, I and L) show the influence of Imuno TF ® on the secretion of on IL-6 and TNF-α.

3.6. Quantification of mRNA levels by RT-PCR of Th1, Th2, Th17, Treg,
Inflammatory and anti-inflammatory cytokines
The influence of Imuno TF® on the modulation of mRNA levels of the evaluated cytokines is
described in Figure 10. Except for IFN-γ, in Peyer´s cells, in all other evaluations we can
observe a significant increase (* p <0.05) or an increase trend, in relation to the cytokines of
the Th1 response (Figure 10A, 10E, 10I, and 10N). The cytokines of the Th2 response are
essentially altered in human lymphocytes, when most of them were significantly reduced. In
other types of cells, one point or the other showed a significant reduction, although the tendency
of reduction is observed. The Figure 10 (10D, 10H, 10M, and 10Q) indicates that all cells
evaluated (murine or human lymphocytes), showed a significant increase in IL-10 (*p <0.05).
Finally, on inflammatory cytokines, IL-6 was significantly reduced (*p<0.05) in all situations
where the highest dose of Imuno TF® (100µg/mL) was used, except for splenocytes (Figure
10P).
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Figure 9: Effects of Imuno TF® on IL-10 from human lymphocytes (A) and murine cells (B, C and D). Cells were
treated with 10 and 100 μg/mL of Imuno TF® for 24 hours. Data shown are representative of three independent
experiments. The values are expressed as mean ± SEM, ∗p < 0.05 indicates statistical difference vs. control (nontreated cells), and #p < 0.05 indicates statistical difference vs. LPS and ConA-treated cells. (E-H) show the
influence of Imuno TF® on the secretion of on IL-10.

Figure 10. Levels of mRNA by RT-PCR of Th1 and Th2 response, IL-17, IL-35, inflammatory and antiinflammatory cytokines. Effects of Imuno TF® (10 and 100 μg/mL) on mRNA levels of cytokines from human
lymphocytes and murine cells (thymocytes, Peyer´s cells and splenocytes). Cells were treated for 24 hours. Data
shown are representative of three independent experiments. The values are expressed as mean ± SEM, and ∗p <
0.05 indicates statistical difference vs. control (non-treated cells).
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4. Discussion
TF have been described in the last decades as natural, small peptides of <10 kDa in molecular
weight. Reports from literature show their diverse applications in clinical conditions where the
immune system plays a role, such as varicella-zoster in children with acute leukaemia, HIV,
hepatitis C, and chronic mucocutaneous candidiasis [23–27].
The present study focused on Imuno TF®, an ultrafiltered extract from porcine spleen
containing TF, in the modulation of inflammatory markers associated with Th1, Th2, Th17
and Treg responses, as well as in relation to pro- and anti-inflammatory cytokines, such as IL6, and TNF-α and IL-10, respectively. As previously described, human lymphocytes and mice
cells (thymocytes, Peyer´s cells and splenocytes) were used, and the cell viability assay showed
that only concentrations greater than 100 µg/mL of Imuno TF® reduced the viability of the cell
types of this study, showing alignment with safety data described previously [9,28].
Additionally, two mitogens were used to evaluate the immunomodulatory effects of the Imuno
TF®: LPS and Con A. Both LPS and Con A are widely used in in vitro and in vivo tests to
assess the ability of cells to secrete various types of cytokines [29–31].
We observed that the Imuno TF® (at 10 µg/mL and 100 µg/mL) reduced the secretion of
cytokines related to the Th1 response, which were significantly increased in the presence of
LPS and ConA. However, when comparing Th1 cytokine secretion (IL-2 and IFN-γ) with nontreated cells, the reduction is not significant. In addition, we observed that Imuno TF®, in the
absence of LPS and Con A, did not negatively modulate Th1 cytokine secretion, suggesting
that it could, at least in part, positively influence the determination of a Th1 response. These
results corroborate previous reports from the literature that suggested that the TF’s mechanism
of action would be the increase of Th1 response and consequent decrease of Th2 cytokines
such IL-4, IL-5, and IL-13 [8,9,32].
Thus, to verify the signalling of the Th2 response, we assessed the secretion of their related
cytokines (IL-4, IL-5, and IL-13). The results showed that the treatment with Imuno TF®
reduced the secretion of these cytokines both in LPS- and ConA-stimulated cells and nonstimulated cells, which also is aligned with the hypothesis of Th1-response stimulation and
Th2-response reduction. In addition to the secretion of Th1 and Th2 cytokines, the mRNA
levels of these cytokines were evaluated. The results obtained were compatible with the
secretion of each cytokine, showing that the mechanism of genetic transcription may have been
activated and/or repressed by Imuno TF®.
The effects of Imuno TF® on secretion and mRNA levels of pro and anti-inflammatory
cytokines were also evaluated in this study. Pro-inflammatory cytokines (i.e. IL-6 and TNF-α)
are involved in the up-regulation of inflammatory reactions [33]. Our results showed that both
the secretion and the mRNA levels of the pro and anti-inflammatory cytokines were altered in
the presence of Imuno TF®: the secretion of the pro-inflammatory cytokines IL-6 and TNF-α
in cells stimulated with LPS and Con A were reduced. Isolated, Imuno TF ® also significantly
reduced the secretion of IL-6 and TNF-α and the levels of their respective mRNA. Murine
splenocytes were the only cells that did not show a significant reduction in IL-6, both in
secretion and in mRNA levels. These results observed in splenocytes may be related to the fact
that we used spleens from young animals – for instance, Park and collaborators [34] showed
that the production of IL-6 in the mouse spleen was elevated with aging and that IL-6
13
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production by stromal cells played a major role in this enhancement. Thus, the potential of
Imuno TF® in reducing pro-inflammatory cytokines suggests that this TF plays a role avoiding
immune hyperresponsiveness and hyperinflammatory condition, which corroborates reports
from literature [12,35].
In contrast to the negative modulation of pro-inflammatory cytokines observed with the
treatment of human and murine cells with Imuno TF®, both the secretion and the levels of IL10 mRNA did not present values significantly reduced after stimulation with LPS and Con A,
with the exception of human lymphocytes, whose values were significantly reduced. Without
stimulation of the mitogens used, Imuno TF® positively modulated the mRNA levels and the
secretion of IL-10. These results corroborate the proposed mechanism of action in which
releasing IL-10, an inhibitory cytokine from Th2 cells that plays a vital inhibiting induction of
pro-inflammatory cytokines that could lead to the development of autoimmune disorders [9].
Additionally, evidences suggested that the production of IL-10 is associated with Treg cells
[36,37].
Finally, Th17 and Treg responses were also investigated. Th17 cells stimulate cells to recruit
neutrophils to sites of infection, mediating immune responses against microorganisms, while
Treg cells inhibit immune responses to maintain immune homeostasis [38]. In cells stimulated
with LPS and Con A, IL-17 was reduced with the treatment of Imuno TF®. In non-stimulated
cells, IL-17 secretion did not change, except for thymocytes and Peyer´s cells, where the
highest concentration of Imuno TF® (100 µg/mL) significantly reduced the secretion of IL-17.
The Th17 cells are responsive to pathogens as well as to the commensal gut microbiota. While
they have been associated with immune protection against pathogens they are also known to
drive autoimmune inflammation in the gut [39]. As IL-17 is a pro-inflammatory cytokine that
plays critical roles in host defence against extracellular bacteria and fungi and also in the
pathogenesis of autoimmune diseases [40]. In this sense, the reduction in the secretion of IL17 by Peyer´s cells could indicate a discreet, benefit of Imuno TF® in the intestinal microbiota's
homeostasis. In addition, regarding thymocytes, recent studies in human autoimmune diseases
and in animal models have indicated that IL-17 may be the essential T cell cytokine in the
autoimmune process mediated by these cells [41], suggesting that Imuno TF® could assist in
the treatment or prophylaxis of autoimmune diseases. On the other hand, our results did not
indicate significant changes in the secretion of IL-35 in human or murine cells, except for the
population of thymocytes (significant reduction). Although IL-35 is not constitutively
expressed in tissues, it can suppress inflammatory responses of immune cell by its selective
activity on different T-cell subsets [42,43]. The absence of influence of Imuno TF® on the
secretion of IL-35 allows us to ratify, at least partially, the Th1 activation of the product.

5. Conclusions
Our results showed that the Imuno TF® regulated both the secretion and mRNA levels of
cytokines of the Th1 and Th2 responses. Imuno TF® negatively regulated the cytokines of the
Th2 response, and positively regulated the cytokines of the Th1 response. In addition, Imuno
TF® increased levels of mRNA and secretion of the anti-inflammatory cytokine IL-10, whereas
it reduced levels of mRNA and the secretion of pro-inflammatory cytokines IL-6 and TNF-α.
Finally, the results showed that Imuno TF® reversed the hypersecretion of IL-17 triggered by
LPS and ConA stimuli and did not promote significant changes in IL-35 secretion.

14

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.06.371435; this version posted November 7, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Data Availability
All data are available upon request.

Conflicts of Interest
CRO and RPV received a grant for the execution of the assays. AOF, AESSG and HP are
employees of Fagron. The funder had no influence on the design of the study and in the
collection and analyses of data. In addition, all authors declare that the results of the study are
presented clearly, honestly, and without fabrication, falsification, or inappropriate data
manipulation.

Funding Statement
This research was funded by Fagron BV.

References
1.

2.
3.
4.
5.

6.
7.
8.
9.
10.
11.

12.

13.

Lawrence, H.S. The transfer in humans of delayed skin sensitivity to streptococcal M
substance and to tuberculin with disrupted leucocytes. J. Clin. Invest. 1955, 34, 219–
230.
Kirkpatrick, C.H. Structural Nature and Functions of Transfer Factors. Ann. N. Y. Acad.
Sci. 1993, 685, 362–368.
Rozzo, S.J.; Kirkpatrick, C.H. Purification of Transfer Factors. Mol. Immunol. 1992, 29,
167–182.
Kirkpatrick, C.H. Activities and characteristics of transfer factors. Biotherapy 1996, 9,
13–16.
Berrón-Pérez, R.; Chávez-Sánchez, R.; Estrada-García, I.; Espinosa-Padilla, S.; CortezGómez, R.; Serrano-Miranda, E.; Portugués, A. Indications, usage, and dosage of the
transfer factor. Rev. Alerg. Mex. 2007, 54, 134–139.
Fudenberg, H.H.; Fudenberg, H.H. Transfer factor: Past, present and future. Annu. Rev.
Pharmacol. Toxicol. 1989, 29, 475–516, doi:10.1146/annurev.pharmtox.29.1.475.
Welch, T.M.; Wilson, G.B.; Fudenberg, H.H. Human transfer factor in guinea pigs:
further studies. In Transfer Factor; Academic Press, 1976; pp. 399–408.
White, A. Transfer Factors & Immune System Health; 2nd ed.; U.S.A.: BookSurge
Publishing: North Charleston, 2009;
Krishnaveni, M. A review on transfer factor an immune modulator. Drug Invent. Today
2013, 5, 153–156, doi:10.1016/j.dit.2013.04.002.
Kirkpatrick, C.H. Biological Response Modifiers. Interferons, Interleukins, and
Transfer Factor. Ann. Allergy 1989, 62, 170–176.
Garritano, C.R.O.; Di Nubila, F.; Couto, R.M.; Fiorelli, R.K.A.; Aun, L.B. Avaliação
do uso de fator de transferência na resposta imunológica de pacientes cirúrgicos
imunodeprimidos. Rev. Col. Bras. Cir. 2017, 44, 452–456, doi:10.1590/010069912017005005.
Salazar-Ramiro, A.; Hernández, P.; Rangel-Lopez, E.; Pérez de la Cruz, V.; EstradaParra, S.; Pineda, B. Dialyzable Leukocyte Extract (Transfer Factor) as Adjuvant
Immunotherapy in the Treatment of Cancer. MOJ Autoimmune Dis. 2018, 1, 1–7,
doi:10.15406/mojad.2016.01.00003.
Ojeda, M.O.; Fernández-Ortega, C.; Rosaı́nz, M. de J.A. Dialyzable leukocyte extract

15

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.06.371435; this version posted November 7, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

14.

15.
16.

17.

18.
19.

20.

21.

22.

23.
24.

25.

26.
27.

28.

suppresses the activity of essential transcription factors for HIV-1 gene expression in
unstimulated MT-4 cells. Biochem. Biophys. Res. Commun. 2000, 273, 1099–1103,
doi:10.1006/bbrc.2000.3065.
Lara, H.H.; Turrent, L.I.; Garza-Treviño, E.N.; Tamez-Guerra, R.; Rodriguez-Padilla,
C. Clinical and immunological assessment in breast cancer patients receiving anticancer
therapy and bovine dialyzable leukocyte extract as an adjuvant. Exp. Ther. Med. 2010,
1, 425–431, doi:10.3892/etm_00000066.
Oliveira, C.R.; Vieira, R.P. Anti-Inflammatory Activity of Miodesin TM : Modulation of
Inflammatory Markers and Epigenetic Evidence. Oxid. Med. Cell. Longev. 2020.
Fan, J.; Nishantan, P.; Breen, E.C.; Mcdonald, M.; Fahey, J.L. Cytokine gene expression
in normal human lymphocytes in response to stimulation. Clin. Diagn. Lab. Immunol.
1998, 5, 335–340, doi:10.1128/cdli.5.3.335-340.1998.
Rodrigues, C.A.T.; Batista, L.F. da S.; Filho, R.S.T.; Santos, C. da S.; Pinheiro, C.G.;
Almeida, T.F. de; Freitas, L.A.R. de; Veras, P.S.T. IFN-γ expression is up-regulated by
peripheral blood mononuclear cells (PBMC) from non-exposed dogs upon Leishmania
chagasi promastigote stimulation in vitro. Vet. Immunol. Immunopathol. 2009, 127,
382–388, doi:10.1016/j.vetimm.2008.10.324.
Layhadi, J.A.; Eguiluz-Gracia, I.; Shamji, M.H. Role of IL-35 in sublingual allergen
immunotherapy. Curr. Opin. Allergy Clin. Immunol. 2019, 19, 12–17.
Afshari, J.T.; Hosseini, R.F.; Farahabadi, S.H.; Heydarian, F.; Boskabady, M.H.;
Khoshnavaz, R.; Razavi, A.; Karimiani, E.G.; Ghasemi, G. Association of the
expression of IL-4 and IL-13 genes, IL-4 and IgE serum levels with allergic asthma.
Iran. J. Allergy, Asthma Immunol. 2007, 6, 67–72.
Cao, W.; Wang, X.; Chen, T.; Zhu, H.; Xu, W.; Zhao, S.; Cheng, X.; Xia, L. The
expression of Notch/Notch ligand, IL-35, IL-17, and Th17/Treg in preeclampsia. Dis.
Markers 2015, 2015, doi:10.1155/2015/316182.
Kalburgi, N.B.; Muley, A.; Shivaprasad, B.M.; Koregol, A.C. Expression profile of IL35 mRNA in gingiva of chronic periodontitis and aggressive periodontitis patients: A
semiquantitative RT-PCR study. Dis. Markers 2013, 35, 819–823,
doi:10.1155/2013/489648.
De Rossi, M.; Bernasconi, P.; Baggi, F.; De Waal Malefyt, R.; Mantegazza, R.
Cytokines and chemokines are both expressed by human myoblasts: Possible relevance
for the immune pathogenesis of muscle inflammation. Int. Immunol. 2000, 12, 1329–
1335, doi:10.1093/intimm/12.9.1329.
Steele, R.W.; Myers, M.G.; Vincent, M.M. Transfer factor for the prevention of
varicella-zoster infection in childhood leukemia. N. Engl. J. Med. 1980, 303, 355–359.
Milich, D.R.; Chen, M.K.; Hughes, J.L.; Jones, J.E. The secreted hepatitis B precore
antigen can modulate the immune response to the nucleocapsid: a mechanism for
persistence. J. Immunol. 1998, 160, 2013–21.
Tsai, S.L.; Liaw, Y.F.; Chen, M.H.; Huang, C.Y.; Kuo, G.C. Detection of type 2-like Thelper cells in hepatitis C virus infection: Implications for hepatitis C virus chronicity.
Hepatology 1997, 25, 449–458, doi:10.1002/hep.510250233.
Masi, M.; Vinci, C. de; Baricordi, O.R. Transfer factor in chronic mucocutaneous
candidiasis. Biotherapy 1996, 9, 97–103.
Raise, E.; Guerra, L.; Viza, D.; Pizza, G.; De Vinci, C.; Schiattone, M.L.; Rocaccioi,
M.C.L.; Gritti, F. Preliminary results in HTV-1-infected patients treated with transfer
factor (TF) and Zidovudine (ZDV). Biotherapy 1996, 9, 49–54,
doi:10.1007/BF02628656.
Pizza, G.; De Vinci, C.; Fornarola, V.; Palareti, A.; Baricordi, O.; Viza, D. In vitro
studies during long term oral administration of specific transfer factor. Biotherapy 1996,

16

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.06.371435; this version posted November 7, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

29.

30.

31.

32.

33.
34.

35.
36.

37.

38.
39.

40.
41.

42.

43.

9, 175–185, doi:10.1007/BF02628677.
Tawfik, D.M.; Lankelma, J.M.; Vachot, L.; Cerrato, E.; Pachot, A.; Wiersinga, W.J.;
Textoris, J. Comparison of host immune responses to LPS in human using an immune
profiling panel, in vivo endotoxemia versus ex vivo stimulation. Sci. Rep. 2020, 10, 1–
10, doi:10.1038/s41598-020-66695-2.
Bílková, B.; Albrecht, T.; Chudíčková, M.; Holáň, V.; Piálek, J.; Vinkler, M.
Application of Concanavalin A during immune responsiveness skin-swelling tests
facilitates measurement interpretation in mammalian ecology. Ecol. Evol. 2016, 6,
4551–4564, doi:10.1002/ece3.2211.
Al-Rikabi, R.; Al-Shmgani, H.; Dewir, Y.H.; El-Hendawy, S. In vivo and in vitro
evaluation of the protective effects of hesperidin in lipopolysaccharide-induced
inflammation
and
cytotoxicity
of
cell.
Molecules
2020,
25,
doi:10.3390/molecules25030478.
Viza, D.; Fudenberg, H.H.; Palareti, A.; Ablashi, D.; De Vinci, C.; Pizza, G. Transfer
factor: an overlooked potential for the prevention and treatment of infectious diseases.
Folia Biol. (Czech Republic) 2013, 59, 53.
Zhang, J.-M.; An, J. Cytokines, Inflammation and Pain. Int. Anesthesiol. Clin. 2009, 69,
482–489, doi:10.1097/AIA.0b013e318034194e.Cytokines.
Park, J.; Miyakawa, T.; Shiokawa, A.; Nakajima-Adachi, H.; Tanokura, M.; Hachimura,
S. Splenic stromal cells from aged mice produce higher levels of IL-6 compared to
young mice. Mediators Inflamm. 2014, 2014, doi:10.1155/2014/826987.
Ferreira, A.O.; Polonini, H.C.; Djikers, E.C.F. Postulated add-on therapeutic strategies
for COVID-19. Nutrients.
Magombedze, G.; Eda, S.; Stabel, J. Predicting the role of IL-10 in the regulation of the
adaptive immune responses in Mycobacterium avium subsp. paratuberculosis infections
using mathematical models. PLoS One 2015, 10, doi:10.1371/journal.pone.0141539.
Coomes, S.M.; Kannan, Y.; Pelly, V.S.; Entwistle, L.J.; Guidi, R.; Perez-Lloret, J.;
Nikolov, N.; Müller, W.; Wilson, M.S. CD4 + Th2 cells are directly regulated by IL-10
during allergic airway inflammation. Mucosal Immunol. 2017, 10, 150–161,
doi:10.1038/mi.2016.47.
Lee, G.R. The balance of th17 versus treg cells in autoimmunity. Int. J. Mol. Sci. 2018,
19, 1–14, doi:10.3390/ijms19030730.
Lycke, N.; Gribonika, I.; Bemark, M. Revisiting the critical role of Th17 cell plasticity
in the Peyer’s patch for gut IgA responses using single cell analysis unexpectedly
demonstrated unperturbed responses to oral immunization in their complete absence. J.
Immunol. 2020, 204, 158.13 LP-158.13.
Kim, J.S.; Jordan, M.S. Diversity of IL-17-producing T lymphocytes. Cell. Mol. Life
Sci. 2013, 70, 2271–2290, doi:10.1007/s00018-012-1163-6.Diversity.
Hofstetter, H.H.; Lühder, F.; Toyka, K. V.; Gold, R. IL-17 production by thymocytes
upon CD3 stimulation and costimulation with microbial factors. Cytokine 2006, 34,
184–197, doi:10.1016/j.cyto.2006.04.014.
Bello, R.O.; Chin, V.K.; Abd Rachman Isnadi, M.F.; Abd Majid, R.; Atmadini
Abdullah, M.; Lee, T.Y.; Amiruddin Zakaria, Z.; Hussain, M.K.; Basir, R. The role,
involvement and function(S) of interleukin-35 and interleukin-37 in disease
pathogenesis. Int. J. Mol. Sci. 2018, 19, 1–28, doi:10.3390/ijms19041149.
Olson, B.M.; Sullivan, J.A.; Burlingham, W.J. Interleukin 35: A Key Mediator of
Suppression and the Propagation of Infectious Tolerance. Front. Immunol. 2013, 4, 1–
12, doi:10.3389/fimmu.2013.00315.

17

