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Summary: Graft-versus-host disease (GvHD) is a severe immunologic complication following al-
logeneic haematopoetic stem cell transplantation. Encountering foreign antigens by donor lympho-
cytes, specific sequence of molecular mechanisms, including cytokines, chemokines and other me-
diators of cellular cytotoxicity, is initiated. To develop GvHD, transplant recipient must be immune 
compromised and histoincompatible with immune-competent graft. Clinically, GvHD is character-
ized by the damage to the skin, gastrointestinal tract’s mucosa, liver and other organs. 
The project’s aim was to introduce recent molecular summary of GvHD pathogenesis including 
miRNA and cytokines impact on the disorder. 
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Streszczenie: Choroba przeszczep przeciw gospodarzowi (GvHD) jest ciężkim powikłaniem immu-
nologicznym po allogenicznym przeszczepie komórek macierzystych.  Limfocyty dawcy napoty-
kają obce antygeny,  inicjując ciąg mechanizmów molekularnych, w których pośredniczą cytokiny, 
chemokiny i inne mediatory cytotoksyczności komórkowej. GvHD pojawia się w momencie osłabi-
enia odporności biorcy po przeszczepie, przy towarzyszącej niezgodności histologicznej i zachow-
anej funkcji odpornościowej komórek przeszczepu. Klinicznie, GvHD manifestuje się uszkodzeni-
em skóry, błony śluzowej przewodu pokarmowego, wątroby i innych narządów. 
Celem pracy było przedstawienie aktualnej wiedzy dotyczącej moleuklarnego aspektu patogenezy 
GvHD z uwzględnieniem wpływu miRNA i cytokin na chorobę. 

Słowa kluczowe: Choroba przeszczep przeciwko gospodarzowi, podstawy molekularne, Przeszczep 
komórek macierzystch 
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is considered 
as a curative option for childhood hematological and non-hematological disorders 
[46]. Being now a standard of care, it was firstly conducted successfully in 1968 
[14]. HSCT is utilized widely in leukemia, refractory lymphoma and non-ma-
lignant diseases like metabolic, autoimmune or hematopoietic disorders. One of 
the most severe complications of allo-HSCT is graft-versus-host-disease (GvHD), 
which is associated with increased mortality rates [20].

GvHD is a severe immunogenic complication which occurs in transplant 
recipient’s organism in response to antigenically foreign lymphocytes introduc-
tion. T-lymphocytes received from donor invade host’s tissues, leading to tissue 
destruction [49]. GvHD is divided into two forms- acute (aGvHD) and chronic 
(cGvHD). 

Acute  GvHD is contractually agreed within 100 days after allogeneic hae-
matopoietic stem cells transplantation (allo-HSCT) to occur [39]. Its clinical man-
ifestation is characterized by skin symptoms such as erythema [48], maculopap-
ular rush, blisters or exfoliation and gastrointestinal tract symptoms- diarrhoea, 
pain, bowel obstruction or jaundice [4]. 

Chronic GvHD occurs after 100 days from alloHSCT. The disorder could be 
the continuation of an acute form or progress as the concequence of an abnor-
mal lymphocytes renewal which have been developed from stem cells in recipi-
ent’s organism and in this case symptoms resemble autoimmunological disorders 
[59].  Clinical manifestations of cGVHD include skin changes such as scleroder-
ma or lichen planus-like lesions, abnormal pigmentation, appendages disorders; 
mucous membranes-mucositis, xerostomia; eyes-dry conjunctivitis and scleritis 
[13]. Apart from them there are also gastrointestinal tract disorders [2] such as 
malabsorption syndrome, cholestasis and symptoms from the other organs like 
obliterative bronchiolitis, fascitis or arthritis. 

According to most recent criteria, acute GvHD may also occur after day 100 
as a late onset aGvHD and an overlap syndrome including features of both aG-
vHD and cGvHD can also appear [15]. It is a contentious issue whether aGvHD 
and cGvHD are two entirely disparate disorders or sequential phases of the same 
mechanism [50]. 

Pathogenesis of aGvHD is currently described as initial tissue damage in-
duced by the conditioning regimen followed by the denudation of auto- and al-
loantigens associated with massive inflammatory cytokine secretion, activating 
antigen presenting cells (APCs), auto- and alloantigen presentation mediated by 
APCs together with the costimulatory signaling prime donor’s cytotoxic T-lym-
phocytes and their proliferation, followed by the migration of activated cellular 
effectors toward GVHD target tissues [28]. Immunopathophysiology of cGvHD 
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is more composite than in acute form. cGVHD includes multifarious interactions 
among allo-reactive and dysregulated T and B cells and innate immune popula-
tions entering macrophages, dendritic cells (DCs) and neutrophils that propagate 
pro-fibrotic pathways [7].

Pediatric population is at less risk for GvHD than adults, but endanger is still 
significant and increase with using alternative donor sources [24]. Due to the fact 
that data spanning over 25 years has shown a continued and constant increase in 
the annual numbers of HSCT and transplant rates for both allogeneic and autolo-
gous HSCT [43], there is a purposeful necessity to study its complications. 

This review presents a complex summary of molecular bases of GvHD patho-
genesis. Moreover, it describes the differences between GvHD in pediatric popu-
lation and adults.

CELLULAR BASES OF GvHD PATHOGENESIS

The graft versus host reaction was firstly observed in a murine model after 
infusion of allogeneic stem and spleen cells. Tested mice survived irradiation and 
marrow aplasia, yet died of a ‘secondary disease’ consisting typical GvHD symp-
toms – rash, gastrointestinal distress, weight loss and liver damage [34]. Three 
requirements necessary for GvHD to occur were stated in 1966 by Billingham. 
These state as follows: 

1. graft must contain immunologically competent cells, now identified as 
mature T lymphocytes; 

2. recipient must be incapable of mounting an effective response to eliminate 
or reject the transplanted cells, i.e. due to chemotherapy-induced or radi-
otherapy-induced immunosuppression; 

3. antigens of the recipient must be recognized as foreign by donor cells due to 
expression of tissue antigens that are not present in the transplant donor [5]. 

As presented above, GvHD occurs when donor T lymphocytes possess the 
response to the incompatible antigens on host cells [45]. Further research in this 
area led to the discovery of the human leukocyte antigens (HLA) which expres-
sion on cell surfaces is considered crucial in GvHD initiation via T cells activation 
[32].  HLAs (alternatively known as major histocompatibility complex – MHC) 
are present on the 6th chromosome [23]. Due to their immunological function, 
these exhibit high polymorphism [54]. MHC can be divided into two classes. 
Class I (HLA-A,-B and -C) molecules are expressed on almost all nucleated cell 
surfaces at varying densities. Class II (HLA-DR,-DQ and -DP) antigens are basi-
cally expressed on hematopoietic cells though their expression can be induced on 
different cells by inflammation or injury [45]. aGvHD occurence depends strong-
ly on the HLA mismatch degree [12]. 60-80% patients receiving one-antigen mis-



196 W. SZLASA ET AL.

matched grafts develop acute GvHD [12]. Nevertheless, HLA identity between 
recipient and donor does not guarantee uncomplicated post-transplant course. 
Around 40% of patients that receive HLA-matched grafts and optimal post-trans-
plant immune suppression, can still develop aGvHD due to minor histocompati-
bility antigens (miHAs) disparity. Over 50 miHAs proteins have been identified 
so far [56]; some of them, such as HY or HA-3, are expressed on all body tissues, 
whereas other ones are tissue-specific and can even dictate the phenotype and 
target organ involvement of aGVHD. MiHAs are also associated with graft versus 
leukemia (GvL) phenomenon [9]. 

Several experimental models, including skin explant and murine systems, have 
been vital for understanding the immunobiology and pathophysiology of acute 
GvHD [53]. Similar progress in unravelling the mechanism of chronic GvHD has 
not been accomplished. Some mouse models mimic isolated features of cGvHD 
such as liver damage or skin fibrosis but none of them captures all of the interac-
tions [53, 30]. This may be due to certain differences in cGvHD kinetics in human 
and experimental species. 

MOLECULAR BASES OF GvHD PROGRESSION

The progression of aGvHD contains three phases (Fig. 1): activation of anti-
gen presenting cells, activation of effector cells and in the end damage of target 
organs [15]. In the first one, host antigen presenting cells (APC) are activated 
by the presence of antigens. Due to primary disease, chemotherapy or total body 
irradiation introduced in the conditioning regimen, recipient’s tissues are being 
profoundly damaged. This results in release of pro-inflammatory cytokines such 
as interleukin-1 (IL-1) or tumor necrosis factor α (TNF-α) that attract host APCs 
eventually activating donor T cells [62]. Several other danger signals including 
uric acid and metabolites of adenosine triphosphate (ATP) pathway are also re-
leased and are said to be involved in GvHD activation process as well [3]. As 
a result of tissue damage especially the GI tract mucosa becomes more permea-
ble for extracorporeal molecules and inflammatory stimuli, for instance microbial 
products like lipopolysaccharide (LPS) [21]. Microbiota derived signals, toll-like 
receptors (TLRs) and NOD-like receptors (NLRs) have been shown to trigger the 
inflammation in epithelial tissues [44]. 

Secondary lymphoid tissue of the GI tract is said to be the primary site where 
the interaction between host APCs and donor T cells occurs [37]. The afferent phase 
where donor T lymphocytes are activated by recipient’s APCs and respond to HLA 
or miHAs disparity in host cells is the core of the acute GvH reaction. CD4+ T lym-
phocytes induce acute GvHD to MHC class II molecules variations and CD8+ T cells 
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respond to variations within MHC class I [12]. The cytokines and danger signals re-
leased in first phase also indirectly costimulate this activation [11]. This results in 
rapid biochemical cascades inducing activated donor T cells to release large amounts 
of cytokines such as TNF-α, interleukin-2 (IL-2) and interferon gamma (IFN-γ). 

Stimulated T-cells exhibit various activities, which can be divided in two 
groups. In the first group could be assigned all pathways, which result in IL-17 
and TNF-α secretion, in the second, pathways, which result in antibodies produc-
tion. Specific types of immune cells could be assigned to each group of observed 
disorders. Skin damage occurs in the presence of IL-17 and absence of IL-4 or 
IFN-gamma, which promotes differentiation of naive Th cells into Th17 lympho-
cytes [29]. Intestines and liver disorders are both mediated by Th1 lymphocytes, 
which are formed by IFN-gamma stimulation pathway. Curiously, IFN-gamma 
is being produced with IL-2, in the presence of IL-12 [29], which impact should 
be considered as well. T cell activation and IL-2 production are the focus points 
of current clinical prophylaxis and treatment approaches such as cyclosporine, 
mycophenolate, mToR inhibitors, other calcineurin inhibitors and monoclonal an-
tibodies against IL-2 and its receptor [38]. 

FIGURE 1. Molecular mechanism summary of GvHD 
RYCINA 1. Molekularny mechanism GvHD
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The third phase in aGvHD mechanism, contains both innate and adaptive im-
mune cells response, by the release of inflammatory mediators that exacerbate 
the T cell induced tissue injury, promote further inflammation process and possi-
ble target organs destruction. The effectors are mostly cytotoxic T cells (CTLs) 
and natural killer (NK) cells [12]. CTLs tend to use the Fas/FasL pathway and 
predominate in liver form or aGvHD while NK cells prefer the perforine/gran-
zyme pathway and appear in GI tract and skin damage [58].  Chemokines attract 
T lymphocytes from lymphoid tissue to target organs where they eventually cause 
damage. In addition, microbial products such as lipopolysaccharide, leak through 
execissively permeable mucosa of GI tract and stimulate mononuclear cells (mac-
rophages and monocytes) to release macrophage inflammatory protein 1 α (MIP) 
and large amount of  other chemokines i.e. CCL2-CCL5, CXCL9, CXCL10 and 
CXCL11 [61]. This results in occurence of the cytokine storm, which is character-
istic for aGvHD. The process is mostly present in the gastrointestinal tract which 
has the major role in its propagation and amplification. Moreover, the expression 
of integrins and its ligand MADCAM1 (mucosal vascular addressin cell adhesion 
molecule 1) are crucial for homing T cells to Peyer’s patches during intestinal 
GvHD [37]. 

The pathophysiology of cGvHD is still poorly understood due to lack of sat-
isfactory experimental models. Although cGvHD may occur de novo, aGvHD is 
the main risk factor of its development [55]. Therefore strategies aiming at T cell 
depletion are the main focus point  to prevent cGvHD. As lymphoid tissue and 
immune organs such as thymus, spleen or bone marrow are the primary targets of 
aGvHD, arising thymic dysfunction seems to be the major risk factor of auto- and 
alloimmunity in cGvHD process [51]. The disturbed B cells development due to 
bone marrow niche damage reflects in elevated B-cell activating factor (BAFF) 
levels as a reliable predictor of probable cGvHD occurrence [52]. 

CYTOKINES ROLE IN GvHD

Cytokines, which are crucial for GvHD development could be divided in two 
groups, depending on the type of GvHD, which they promote – aGvHD or cG-
vHD. Due to the characteristics of both types, cytokines differ in the ability of 
promoting long term proinflammatory response connected with tissue fibrosis or 
rapid cells receptor-mediated apoptosis.

After recognition of microbial PAMP (pathogen associated molecular pat-
terns) by PRR (pattern recognition receptors) or TCR (T-cell receptor), various 
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cytokines are produced. IL-1, IL-4, IL-6, IL-12, IFN-gamma and TNF- α are espe-
cially important in the proinflammatory response. Molecular pathways, promoted 
by these molecules could be further classified in three groups [19]. 

The first class leads to macrophages and monocytes differentiation and secre-
tion of extra amounts of IL-1, IL-6 and TNF- α, which results in increased apop-
tosis. Also TGF-beta is secreted, but in comparison to the previously mentioned, 
it promotes tissue fibrosis, that results in cGvHD.

The second-class pathway is connected with NK cells, NKT cells and ILC 
activation, which results in tissue damage. By the activation of perforin (Prf1), 
granzyme (GzmB), CD95-CD178 and ADCC signalling pathways, the NK cells 
promote target cells apoptosis [63].

The third pathway consists of activated T cells, which produce cytokines, 
that would promote aGvHD as well as cGvHD. Tc1 and Th1 lymphocytes secrete 
IFN-gamma, TNF- α and IL-2, which results in cytolysis mediated by perforins 
and granzymes in aGvHD. Tc2 and Th2 cells synthesise IL-4, IL-5 and IL-13 
and Tc17 and Th17 cells synthesise IL-17, IL-21 and IL-22. Cytokines from both 
groups promote fibrosis and trigger cGvHD [19]. There is also a correlation be-
tween cGvHD and CXCL9 elevated levels [26]. 

miRNA IMPACT ON GvHD

Several studies have revealed a significant role of miRNA in regulation of 
autoimmunity as well as synthesis of proinflammatory cytokines. Koenecke and 
Krueger [27] have described the process of formation of different types of Th cells 
in response to miRNA. The research have revealed that increased level of certain 
type of miRNA results in formation of specific type of T lymphocytes and NKT 
cells. miRNA impact on immune cells consists of maturation regulation and inhi-
bition of essential proteins expression. 

To obtain a specific type of Th cell, first CD4+ T-lymphocytes have to be dif-
ferentiated [36] by interaction with miR-17-92 [60] and miR-142 [35]. However, 
central role in the process is assigned to miR-155, that controls responsiveness 
to IL-2, therefore regulates Th1 and Th17 lymphocytes formation [40]. Other 
miRNAs types, that are believed to play role in Th17 cells differentiation are 
miR181a (promote also NKT formation) [16] and miR-29 (acts as a repressor of 
IFN-gamma). Furthermore, miR-29 downregulates Th1 cells transcription factors 
– T-bet and Eomes [31], essential in genetical maturation of the cells. T-reg cells 
are formed by molecular interaction with the miR-155 [40] and miR-146a [57].
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NKT cells are formed by the miR-181a mediated pathway [16]. Interestingly, 
targeting the expression of essential for NK cells function proteins, like Prf1 and 
GzmB with miR-27a* regulates their cytotoxicity properties [25]. 

BIOMARKERS OF GvHD

General set of biomarkers of aGvHD obtained by Paczesny et al. include IL-
2Rα, TNFR1, IL-8 and HGF [42]. On the other hand, markers especially useful in 
cGvHD differentiation consist of: ST2 (IL-1 receptor), CXCL9 (chemokine with 
CXC motif 9), matrix metalloproteinase 3, and osteopontin [64]. However useful, 
there is still a need to develop a tissue and grade specific markers of GvHD. 

McDonald et al. have established that TIM3 (plays a key role in inhibiting 
Th1 response [8]), IL-6 and sTNFR1 (Soluble tumour necrosis factor receptor-1) 
levels had utility in the peak grade of most severe grades of aGvHD (3 and 4) pre-
dictions [33]. Advances have also been done in field of mortality prediction. High 
levels of ST2 and sTNFR1 have corresponded with the mortality in first year after 
transplantation as well as with the severity of GvHD [33]. 

Tissue specific biomarkers identified by means of the skin explant model in-
clude BAFF, IL-33, CXCL9, CXCL10, CXCL11 [54] and Elafin [41]. Not only 
their occurance seems promising in GvHD detection, but also the fact, that their 
levels correspond with the grade of GvHD [1]. 

Current research have revealed the utility of REG3α as a lower gastrointesti-
nal tract and liver disorders biomarker. Previously proposed markers – HGF and 
cytokeratin fragment 18, have not discerned GvHD from non-GvHD diarrhea, 
which is a serious drawback over REG3α [17]. 

The information about genetic predispositions (like mutations in cytokines 
and interleukin genes [18]) could be used as a biomarker of GvHD as well. With 
the use of NGS (next generation sequencing), mutations in genes involved in the 
disease could be easily detected and potentially used as a marker of GvHD.  

CONCLUSIONS

Better understanding of molecular bases of GvHD has led to a significant im-
provement in treatment. In the early 1990, blockade of nonspecific proinflamma-
tory cytokines (IL-1) by monoclonal antibodies have been widely studied [10]. 
Nowadays, comprehension of the molecular mechanism has resulted in more 
specific targets discovery. Cytokines and hormones role in the pathogenesis has 
enabled pharmacological prevention of the disorder [6]. Methotrexate (folic acid 
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antagonist), Cyclosporine (calcineurine inhibitor), Tacrolimus (inhibitory for T 
cells activation), Corticosteroids (antiinflammatory hormones), Mycophenolate 
mofetil (MMF) (inhibits the proliferation of T and B cells), Antithymocyte glob-
ulin (supress thymocytes maturation), Sirolimus (prevention of organ rejection) 
and Alemtuzumab (anti CD52 monoclonal antibody) are now widely used as 
a prevention drugs, supressing the occurrence of GvHD [47]. 

Future development of GvHD treatment methods will mainly focus on spe-
cific targeting of immune cells in order to supress inflammatory response. B and 
T cells function suppression in collaboration with T regulatory cells stimulation, 
seems to be a promising strategy for treatment on the cellular level. Inhibiton of 
cytokines expression by highly specific monoclonal antibodies or miRNA is a po-
tentially good strategy as well [22]. For the wide clinical application, there is still 
a need for further invesigations. 
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