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1. Introduction 

Inflammation is a crucial part of body’s defence process, 

by which the immune system recognizes and eliminates the 

harmful stimuli followed by the healing process. Inflammation 

involves a coordinated interaction between immune cells, blood 

and lymphatic vessels, and molecular mediators to restore tissue 

homeostasis. However, shifts in the inflammatory response from 

short- to long-lived can disrupt immune tolerance and result in 

significant changes across all tissues and organs elevating the 

susceptibility to various non-communicable diseases. 

Nowadays, chronic inflammatory conditions, such as diabetes, 

autoimmune diseases, or allergy represent the most substantial 

risk to human health according to the World Health 

Organization.  

Allergic contact dermatitis (ACD), characterized by T 

cell-mediated immune responses to allergens, involves distinct 

sensitization and elicitation phases. During sensitization, 

allergens penetrate the skin barrier, activating keratinocytes and 

dendritic cells to prime antigen-specific T cells in lymph nodes. 

The subsequent elicitation phase involves rapid activation of 

memory T cells upon re-exposure to the same allergen, leading 

to inflammatory responses mediated by cytokines and immune 

cell infiltration. However, due to one of the most frequently used 
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animal models for this condition, the murine contact 

hypersensitivity (CHS) model, our knowledge about the 

immunological mechanisms of ACD has increased significantly 

in the past decade, the precise role of lymphatic vessels in 

modulating these phases remains unclear, highlighting a gap in 

current research that could inform novel therapeutic strategies 

for ACD. 

The other very common inflammatory disease related to 

tissue damage is rheumatoid arthritis (RA) manifests through 

synovial inflammation and tissue damage mediated by 

dysregulated innate and adaptive immune responses causing a 

prevalent autoimmune joint disease. Neutrophils, traditionally 

viewed as short-lived bystanders, play pivotal roles in RA 

pathogenesis by releasing proteases and activating immune 

responses via Fcγ receptors, particularly FcRγ-associated ITAM 

signaling. While the absence of FcRγ has shown protective 

effects in autoimmune arthritis, the exact mechanisms by which 

FcRγ ITAM tyrosines influences neutrophil activation and 

receptor signaling pathways in vivo remain unexplored.  



3 
 

2. Objectives 

In our experiments we aimed to characterize the 

lymphatic- and neutrophil-dependent tissue damage in mouse 

models of allergic contact dermatitis and rheumatoid arthritis. 

 

We investigated the following questions: 

1. Finding and characterizing mouse models to investigate 

the role of the lymphatics separately in the two phases of 

CHS. 

2. Investigating the effect of presence or absence of 

lymphatic vessels in the sensitization and elicitation 

phase of CHS model. 

3. Specifying the immune cells which contribute to the 

development of CHS. 

4. Identifying the exact role of FcRγ ITAM tyrosines in 

inflammatory arthritis mouse model in vivo. 
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3. Methods 

Experimental animals: For the experiments, wild type 

and Vegfr3 kinase-dead point mutant mice on NMRI genetic 

background were used. To eliminate lymphatics locally in the 

skin, a transgenic inducible lymphatic vessel elimination model, 

Flt4-CreERT2, iDTRfl/fl on C57Bl/6 background was employed 

followed by diphtheria toxin injection. Furthermore, animals 

expressing the wild type and the ITAM tyrosine mutant FcRγ 

were crossed with FcRγ KO mice (referred to as γ-/- WT γ Tg 

and γ-/- YF γ Tg animals, respectively) besides the control 

animals. 

Histology procedures and immunostaining of histology 

slides: Tissue samples were embedded in paraffin after fixation 

and dehydration. Tissue sections were then processed for 

hematoxylin-eosin and fluorescent immunohistochemistry 

staining. 

Contact hypersensitivity mouse model: The mice were 

treated with vehicle or allergen on the site of the sensitization 

(abdominal skin or hind paw). After 5 days, the initial ear 

thickness of mice was measured, using a caliper. For elicitation, 

mice were treated by epicutaneous application of the same 

allergen on ear skin. 24 hours after the challenge the ear swelling 

was measured again.   
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Neutrophil depletion: Three days after the sensitization, 

mice were intraperitoneally injected with murinized anti-Ly6G 

antibody to deplete neutrophil granulocytes, or with functional 

grade IgG2a kappa isotype antibody serving as control. 

Characterization of inflammation: The infiltrated 

immune cells were measured by flow cytometry after digestion 

of ear skin. Furthermore, the produced cytokines and 

chemokines were detected by using Mouse Cytokine Array 

Panel A. 

Passive CHS model: The restimulation of regional lymph 

node cells after sensitization was accomplished with the water-

soluble form of the same antigen in vitro followed by 

measurement of IFNγ production. 

K/BxN Serum-Transfer Arthitis: We collected blood 

from the transgene-positive (arthritic) K/BxN and transgene-

negative (control) BxN mice retroorbital, and we used 400 µl 

sera intraperitoneal to induce inflammatory arthritis in the γ-/- 

WT γ Tg, γ-/- YF γ Tg and control animals. The histological 

analysis of the inflamed ankles after 8 days has been 

investigated.  
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4. Results 

We used various mouse strains to study lymphatics' role 

in contact hypersensitivity. The Vegfr3kd/+ mice showed no skin 

lymphatics but unaffected other tissues and blood vessels. Using 

Flt4-CreERT2; iDTRfl/+ mice, we selectively deleted lymphatics 

in specific tissues, confirming their absence and showing 

moderate immune cell infiltration and increased ear thickness 

upon injection. Both mouse models demonstrated robust 

inflammation with repeated antigen treatments, making them 

reliable for studying lymphatic involvement in CHS phases. 

We examined the skin's response to single antigen 

exposure in mice lacking lymphatics in both CHS phases and 

only the elicitation phase. These mice showed significant ear 

thickness increase compared to those with intact lymphatics, 

without notable immune cell infiltration, confirmed by 

histological and cytokine analysis. 

Using Vegfr3kd/+ mice lacking lymphatics in both the 

sensitization and elicitation phases of CHS, we observed a less 

pronounced increase in ear thickness and significantly less 

immune cell infiltration after repeated antigen exposure 

compared to mice with intact lymphatics. Flow cytometry 

confirmed reduced infiltration of CD45-positive leukocytes and 

neutrophils in these lymphatic-deficient mice. Additionally, 
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proinflammatory cytokine and chemokine levels were 

significantly lower in the absence of lymphatics, indicating that 

lymphatic deficiency leads to a reduced immune response after 

repeated antigen exposure. 

We investigated the role of lymphatics during the 

sensitization phase of CHS by inducing local lymphatic deletion 

in the hind paw of Flt4-CreERT2; iDTRfl/fl mice using diphtheria 

toxin. Lymphatic ablation was confirmed, and compared to 

controls, mice lacking lymphatics showed less increase in ear 

thickness and cell infiltration after repeated antigen exposure, 

with lower CD45+ and Gr1+ immune cell infiltration, similar to 

the previously showed mouse strain. Flow cytometry confirmed 

reduced infiltration of CD45+ and Ly6G+ cells, while CD3+ and 

B220+ populations were unaffected. The inguinal lymph nodes 

of lymphatic-deficient mice were smaller, indicating a 

diminished immune response. These findings suggest that skin 

lymphatics are crucial for immunization against antigens during 

the sensitization phase of CHS. 

Antigen-presenting cells are crucial for T cell activation 

in the sensitization phase of CHS, which is linked to increased 

IFN-γ secretion. We found that lymphatic deficiency during this 

phase significantly reduced IFN-γ production by naive T cells in 
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the regional lymph nodes, suggesting lymphatics are vital for 

both immunization and T cell activation in CHS. 

We investigated the role of lymphatics during the 

elicitation phase of CHS inducing elicitation in ears with either 

intact or locally deficient lymphatics. Surprisingly, mice lacking 

lymphatics during the elicitation phase exhibited increased ear 

swelling, higher immune cell infiltration, and elevated pro-

inflammatory cytokine production compared to those with intact 

lymphatics. These findings suggest that skin lymphatics play an 

anti-inflammatory role during the elicitation phase of CHS. 

During the elicitation phase, mouse ears lacking 

lymphatics exhibited exacerbated inflammation. To investigate 

the role of neutrophils in this condition, we used an anti-Ly6G 

antibody to deplete them, successfully reducing their numbers 

without affecting other immune cells. Neutrophil absence 

markedly attenuated ear thickness and immune cell infiltration 

in lymphatic-deficient ears after repeated exposure, highlighting 

neutrophils' significant role in exacerbating inflammation. 

Additionally, neutrophil depletion affected regulatory T cell 

numbers, suggesting that neutrophils influence their recruitment 

during inflammation. 

The study highlighted neutrophils' critical role in 

exacerbating inflammation in the absence of lymphatics during 
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inflammatory skin disease. However, the exact molecular 

mechanisms underlying this process were not fully elucidated. 

To explore further, a genetic approach was employed to 

investigate the involvement of FcRγ ITAM tyrosines in 

neutrophils and autoimmune arthritis in vivo. Results indicated 

that while wild type FcRγ (γ-/- WT γ Tg) mice showed modest 

inflammation in response to arthritis serum, mice expressing the 

ITAM tyrosine mutant (γ-/- YF γ Tg) did not exhibit ankle 

thickness changes or joint damage, suggesting a protective role 

of ITAM tyrosine mutation in autoimmune arthritis. 
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5. Conclusions 

Inflammation is a complex response to local tissue 

alteration involved in various physiological and pathological 

processes. Chronic inflammatory diseases are now the leading 

cause of death worldwide. Our aim was to investigate 

lymphatics- and neutrophil-dependent processes in 

inflammation using models like allergic skin disease and 

autoimmune arthritis. 

In conclusion, our findings are: 

1. We characterized reliable mouse models in which the 

two phases of CHS could be investigated separately. 

2. Skin lymphatics have distinct but important roles in the 

two phases of contact hypersensitivity: during the 

sensitization phase, they aid in the sensitization process 

of immune cells. 

3. In contrast, during the elicitation phase, they regulate the 

inflammatory response and the infiltration of immune 

cells. 

4. Neutrophils are crucial to create exaggerated 

inflammation in the absence of lymphatics in elicitation 

phase influencing the regulatory T cell number. 
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5. FcRγ ITAM tyrosines play a critical role in the induction 

of neutrophil effector responses. 

Our studies underscore the importance of lymphatic vessels 

in immune responses during cutaneous inflammation and 

highlight neutrophils' FcRγ ITAM tyrosines role in autoimmune 

conditions, offering insights for future therapeutic strategies. 
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