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Abstract

Background and Aims

To study the effect of rose extract on CD4+T lymphocytes, and assess the cytokines
response after cell treatment. In our previous study on endothelial cells, the rose extract

reduced the secretion of inflammatory markers significantly.

Methods

The red rose extract used in this study was prepared and stored until use at -20°C. T cells
were seeded in 96-well plates at 313500 cells/well in 100ul of cell culture medium in
duplicate, one half of the wells were used for biomarkers screening in the culture medium,
and the other half for cytotoxicity assay. 24h after plating, the cells were treated in duplicate
with 100ul of red rose extract diluted at 0.5%, 0.1%, 0.05%, 0.01% and 0.005% (v/v) in cell
culture medium or with culture medium only as control for 72h. Some other wells were for
untreated cells, and cells treated with rose extract at 0.005% for 48h incubation time. After
48h and 72h, the corresponding wells were used for the cytotoxicity assay and from the
duplicate wells, the cell culture media were collected and stored at -80°C until the

biomarkers screening assay.
Results

Cytotoxicity assay revealed insignificant changes. IFN-gamma, MCP-1, GRO, RANTES and
TIMP, Angiopoietin 1 and MMP-9 were elevated. Except MMP-9 which had fold changes >2
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other cytokines were minimally elevated at various concentrations and timing of rose extract
treatment. None of the cytokines were less than 0.8-fold.

Conclusions

Unlike in the endothelial cells, there is mild elevation in few inflammatory markers on T

lymphocytes treatment by rose extract. Further studies need to be performed to estimate the

clinical relevance.

Key words: Pathogenesis of atherosclerosis, inflammation, immunity and infection in

atherosclerosis.
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Introduction

Immune diseases are common in clinical practice. Most medical disorders have some
immunological background. Hence, positive immune modulation with reduction of
inflammation has potential advantages as a therapy. The current immune modulators reduce
lymphocyte proliferation and function, which can be deleterious. The study was performed in
search of a novel immune-modulator, which can potentially reduce the risk of reduction in T-
cell lymphocyte function. In our previous studies, we showed the anti-inflammatory effect of
the rose extract on the endothelial cells in-vitro." It also had effects of inhibition of SARS-
CoV-2 spike protein on target ACE-2 receptors.? Currently existing most anti-inflammatory
agents like steroids,® tacrolimus,* MMF>® etc., reduce lymphocyte cell proliferation, and
decrease inflammation. Monoclonal antibodies like rituximab,”® infliximab® etc., are also
associated with various side effects. Rituximab, which is widely used in various
lymphoproliferative disorders and autoimmune disorders has anti-CD20 and also increases
IL10.

Methods
HUVEC Treatment

The red rose extract used in this study was prepared for our previous study ! and stored
until use at -20°C. Human peripheral blood CD4+ T cells (Cell Applications, ref. 6902-50a,

lot 3298) were seeded in 96-well plates at 313500 cells/well (950000 ceIIs/cmZ) in 100yl of
cell culture medium (Cell Applications, ref. 615-250) in duplicate, one half of wells used for
biomarkers screening in the culture medium and the other half for cytotoxicity assay. 24h
after plating, the cells were treated in duplicate with 100pl of red rose extract diluted at 0.5%,
0.1%, 0.05%, 0.01% and 0.005% (v/v) in cell culture medium or with culture medium only as
control for 72h. Some other wells were for untreated cells and cells treated with rose extract
at 0.005% for 48h incubation time. After 48h and 72h, the corresponding wells were used for
the cytotoxicity assay and from the duplicate wells, the cell culture media were collected and
stored at -80°C until the biomarkers screening assay. The biomarkers screening assay was
performed with human angiogenesis antibody array G-series from Raybiotech, ref. AAH-
ANG-G1 and AAH-ANG-G2.
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Cytotoxicity assay

After 48h incubation time, cell viability was assessed using « Cell Counting Kit—8 » (Dojindo
EU Gmbh, ref. CK04). This kit uses WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4- nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) which produces a water-soluble
formazan dye upon bio-reduction in the presence of an electron carrier, 1- Methoxy PMS.
WST-8 (10% of the medium volume in wells) was added to the media for 4h at 37°C. During
the incubation time, it is bio-reduced by cellular dehydrogenases to an orange formazan
product that is soluble in culture medium. Then, the amount of formazan produced is directly
proportional to the number of living cells. The absorbance of formazan was measured at 450
nm and enables the calculation of viable cells percentage for each treatment compared to

non-treated cells (Table 1).
Profiling of secreted cytokines

The technique of quantibody assay is similar to the method described in our previous
studies.>*! During the incubation time, the volume of medium varied differently in each well
and the volume collected might be reduced. In order to normalize the profiling results, cell
culture medium was added to the different collected media to reach 200ul before performing

the profiling assay. Then, the medium samples were tested undiluted on arrays.
Results of profiling
Cytotoxicity assay

The results of cytotoxicity assay showed there was no strong effect of treatment on the
viability of the T cells even though the viability went down until 87% for cells treated 72h with
0.01% rose extract. Indeed, such a decrease of viability in one tested replicate is not
statistically representative of a cytotoxicity effect of the rose extract. Figure 1 shows the

results of cytotoxicity assay.
Cytokines

IFN-gamma, MCP-1, GRO, RANTES and TIMP, Angiopoietin 1 and MMP-9 were elevated.
Except MMP-9 which had fold changes >2, other cytokines were mildly elevated at various
concentrations and timing of rose extract treatment (Table 2 and 3). GRO was mainly
elevated at higher (0.5%) and lower (0.005%) concentrations. MCP-1 and RANTES showed
an increasing trend with decreasing levels of rose-extract concentrations. IL-6 showed an

higher values in higher (0.5%) and lower dilutions (0.005%). The results also showed that
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the cytokines IL-6, IL-10, IL-1a, TGF-bl, TIMP-2, Angiopoietin-2, G-CSF, and VEGF R2
were enough detected to enable the calculation of one-fold change at least.
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Figure 1: The results of cytotoxicity assay based on absorbance observed due to orange formazan product.
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Table 2: Results of secreted cytokines profiling: fold changes of treated cells vs untreated cells at both incubation times for AAH-ANG-G1 microarray.

Target not detected (-)
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0,005% 48h 0,5% 72h 0,1% 72h 0,05% 72h 0,01% 72h 0,005% 72h
Vs Vs Vs Vs Vs Vs
Untreated cells 48h | Untreated cells 72h Untreated cells 72h Untreated cells 72h Untreated cells 72h Untreated cells 72h
Angiogenin - - - - - -
EGF - - - - - -
ENA-78 - - - - - -
b FGF - - - - - -
GRO 0.92 1.84 i st I 1.05 1.27 1.61
IFN-gamma 0.96 1.19 1.25 1.23 1.15 1.21
IGF-1 - - - - - -
IL-6 0.96 155 o 1 P 1.13 1.21
IL-8 - - - - - -
LEPTIN - - - - - -
MCP-1 112 1.08 1.33 1.08 1.39 1.75
PDGF-BB - - - - - -
PIGF - - - - - -
RANTES 0.92 0.80 1.14 1.45 1.63
TGF-beta1 0.93 1.05 1.07 0.97 1.01 1.13
TIMP-1 0.84 1.04 1.24 1.04 1.1 1.23
TIMP-2 - . 1.20 - 1.05 1.16
Thrombopoietin - - - - - -
VEGF - - - - - -
VEGF-D - - - - - -
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Table 3: Results of secreted cytokines profiling: fold changes of treated cells vs untreated cells at both incubation times for AAH-ANG-G2 microarray.

Target not detected (-).
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0,005% 48h
Vs
Untreated cells 48h

0,5% 72h 0,1% 72h 0,05% 72h 0,01% 72h 0,005% 72h
vs Vs vs Vs vs
Untreated cells 72h Untreated cells 72h Untreated cells 72h Untreated cells 72h Untreated cells 72h

Angiopoietin-1

0.72

0.69 1.30 1.29 1.35 1.18
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Discussion

The results showed that the cytokines GRO, IFNg, IL-6, MCP-1, RANTES, TGF-b1, TIMP-1,
TIMP-2, Angiopoietin-1, Angiopoietin-2, G-CSF, IL-10, IL-1a, MMP-9 and VEGF R2 were
enough detected to enable the calculation of one-fold change at least. In this study, the
CD4+ T cells have shown a mild stimulatory effect on the cells. Our previous results of rose
extract treatment on the endothelial cells showed a reduction in the levels of cytokine levels
and the inflammatory markers. In the clinical scenario it could be advantageous. A reduction
in the inflammation of the endothelial cells is combined with stimulatory effect on the
lymphocytes, which is uniquely observed in this study. The cytotoxicity assay in this study
revealed insignificant changes with minimal reduction in the viability of cells. Absence of
cytotoxicity of the rose extract even in higher concentrations has potential advantages to

evolve as a therapy in the future.
Elevated cytokines

IFN-gamma, MCP-1, GRO, RANTES and TIMP1, Angiopoietin 1 were elevated, and MMP-9

were elevated more than 2-fold. Interferon gamma'**?

is playing a key role in immune
functions involving a broad spectrum of diseases. MCP-1* and GRO™ are chemotactic
cytokines especially for the mononuclear cells. RANTES'® and TIMP1'" are inflammatory
mediators in acute and chronic inflammation. Angiopoietin 1 is involved in master regulation
of angiogenesis.’®*® MMP9 is involved in vascular remodelling of angiogenesis, wound

repair and neutrophil migration across basement membrane.?*#

Minimally elevated cytokines

IL6,%%% IL10 ?*% and IL1a” are major regulators in inflammation, immunity and infections.
Angiopoietin 22 and VEGF R2% are involved in angiogenesis and inflammation. G-CSF has
a role in granulopoiesis and anti-inflammation.?® TIMP-2 3°3! and TGF-b are mildly
elevated.* TIMP2 actively attenuates the negative remodelling and TGFb2 is involved in
tissue repair.>® The catalytic effects of the rose extract on the immune system also needs to
be studied, and since the performance invitro is unique it could act as a ‘salt’ in the immune

functions, though speculative in the current scenario.
Limitations

This study was performed invitro with limited number of samples and numbers. Further

extensive evaluation of the extract needs to be performed in large numbers invitro and later
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in animal models. The side-effect profile of the extract also needs to be evaluated. Also, the
feedback mechanism, which could exist in these T- cells in immune regulation need to be

studied in vivo.** The quality of the rose extract needs to be standardised by HPLC etc.
Conclusions

In this study, the effect of red rose extract on the secretion of cytokines from T cells CD4+
was assessed. The secreted cytokines were profiled after 48h or 72h of incubation. The
results showed that the cytokines GRO, IFNg, IL-6, MCP-1, RANTES, TGF-bl, TIMP-1,
TIMP-2, Angiopoietin-1, Angiopoietin-2, G-CSF, IL-10, IL-1a, MMP-9 and VEGF R2 were
enough detected to enable the calculation of one-fold change at least. There was no
significant fold change over 2 or lower 0.5 except MMP-9 with fold change often over 2.
However, a significant fold change variation between different concentrations of rose extract
and untreated cells should be also considered like RANTES or to a lesser extent MCP-1, IL-
la, VEGF R2.
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