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Review Article

inTrodUcTion

The discovery of coagulation factor XIII (FXIII) dates back 
to 1940s when a “serum factor” was found to make the 
fibrin clot insoluble in concentrated urea solution. It was 
then named “fibrin stabilizing factor.” In 1960, a case report 
demonstrated that the severe bleeding of a patient was due 
to the deficiency of fibrin stabilizing factor.[1] Soon after this 
clinical finding, such fibrin stabilizing factor was formally 
termed FXIII in 1963.

FXIII is a transglutaminase (TG) that circulates in tetrameric 
form (FXIII‑A2B2), consisting of two A subunits (FXIII‑A) 
and two B subunits (FXIII‑B). The A subunit, as the pro‑TG, is 
made up of 732 amino acids with a molecular mass of 83,000. 
FXIII‑A comprised five domains: The N‑terminal activation 
peptide (AP‑FXIII) (amino acids 1–37), β‑sandwich 
(38–184), catalytic core (185–515), β‑barrel 1 (516–628), and 
β‑barrel 2 (629–731). FXIII‑B is a glycoprotein consisting 
of 641 amino acids; its molecular mass is 80,000. It is a 
typical mosaic protein consisting of 10 short tandem repeats, 
called sushi domains.[2] FXIII‑B serves as a carrier protein 
and is essential for the stabilizing of FXIII‑A. It accelerates 

cross‑linking of fibrin by promoting the formation of a 
ternary complex between proenzyme FXIII, prosubstrate 
fibrinogen, and activator thrombin.[3] The catalytic site 
of FXIII‑A2 is Cys314, which is normally occluded by 
AP‑FXIII. Initiated by thrombin, AP‑FXIII is cleaved and 
plasma FXIII‑A2B2 is converted to FXIIIA’2B2. After further 
disassociation of FXIII‑B2 as a result of conformational 
change after Ca2+ binding, FXIII is finally transformed into 
activated FXIII (FXIIIa) [Figure 1].[4] FXIII‑A is mainly 
formed by cells originated from the bone marrow. In plasma, 
all FXIII‑A exists in a complexed form of FXIII‑A2B2. While 
the free form, FXIII‑A2 is only found intracellularly, mainly 
in platelets, megakaryocytes, monocytes, and macrophages. 
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It is also present in chondrocytes, osteoblasts, and osteocytes. 
FXIII‑B, synthesized by the hepatocyte, presents both as 
free form of FXIII‑B and a complexed form of FXIII‑A2B2 
in the plasma.[4]

As a TG, FXIII catalyzes the cross‑linking of fibrin and 
stabilizes the fibrin clot. The substrates of FXIII add up 
to more than 140, including fibrinogen, fibronectin, and 
vitronectin. The whole complement system, including 
C3, C4b, C5a, can be cross‑linked and immobilized by 
FXIII; hence, a pro‑inflammatory environment is created, 
providing a suitable microenvironment for cellular growth.[5] 
Interaction between these proteins and signal molecules on 
the cellular surface may activate signal pathways.

facTor xiii in coagUlaTion and Thrombosis

FXIII is essential to form insoluble clot in coagulation to stop 
bleeding. FXIII is transformed to activated FXIII by thrombin 
with the help of Ca2+ and catalyzes cross‑linking of fibrin, 
converted from fibrinogen by activated thrombin [Figure 1]. 
Fibrin cross‑linking is a highly specific acyl transfer reaction 
consisting of two steps: (1) glutamine of the substrate 
forms a binary complex with the active site cysteine of 
the enzyme through the thioester linkage, accompanied by 
ammonia release; (2) the acyl group of the binary complex 
is transferred to the acyl acceptor amine and form an 
isopeptide, releasing the enzyme at the same time.[6] Fibrin 
included two α‑chains, two β‑chains, and two γ‑chains, 
linked by the disulfide bond. FXIIIa cross‑links fibrin 
chains, during which γ‑chain dimers and α‑chain polymers 
are formed. γ‑chain dimer formation between lysine of one 
γ‑chain and glutamine of the other γ‑chain is fast, followed 
by the formation of α‑polymers.[7] γ‑chain multimers from 
progressive cross‑linking of γ‑chain dimers, accompanied by 
cross‑linking between α‑chain and γ‑chain, further stabilize 
the fibrin clot.[8,9]

α2‑antiplasmin (a2AT) is one of the substrates of FXIII 
that can be cross‑linked to fibrin, further strengthening its 
antifibrinolytic ability.[10] Other substrates of FXIII include 
plasminogen activator inhibitor 2, plasminogen, and 
thrombin activatable fibrinolysis inhibitor, whose roles in 
fibrinolysis and thrombosis remain to be studied.[5]

FXIII deficiency is a rare type of disorder that often causes 
bleeding manifestations, sometimes life‑threatening central 
nerve system (CNS) bleeding.[11] FXIII deficiency could be 
congenital or acquired. The prevalence of congenital FXIII 
deficiency is about 1:2,000,000 in general population. It is 
often caused by mutation in either subunit A or B gene.[12] 
A research of 190 patients with congenital FXIII deficiency 
revealed that major clinical manifestations include umbilical 
bleeding of neonates, deep soft tissue hematoma, prolonged 
wound bleeding, mucosal bleeding (gum bleeding, epistaxis, 
prolonged menstrual bleeding), and CNS bleeding. After 
purified human plasma FXIII treatment, the chance of major 
bleeding decreased.[13]

Researches on acquired FXIII deficiency are mostly case 
reports. Patients may develop antibodies for FXIII‑A 
or FXIII‑B from autoimmune or neoplastic disease and 
usages of certain medications. Soft tissue bleeding is most 
commonly seen. There are also cases of life‑threatening 
bleeding.[12] FXIII deficiency has been found in children with 
malignant disease including acute myeloid leukemia and 
acute lymphoblastic leukemia (ALL), and solid tumor such 
as neuroblastoma, non‑Hodgkin lymphoma and disseminated 
alveolar rhabdomyosarcoma, with the presence of bleeding 
manifestations.[14]

Link between FXIII level and thrombosis is not yet clear. One 
research focused on pulmonary embolism (PE) demonstrated 
that patients with PE (n = 71) have lower FXIII levels than 
patients without (n = 4 9). Similar results were observed 
in fibrinogen level, indicating that lower level of FXIII in 

Figure 1: (a) Initiated by thrombin, the AP‑FXIII is cleaved. FXIII is converted to FXIIIa after further disassociation of FXIII‑B2. (b) After the initial 
conversion of fibrinogen into soluble fibrin by thrombin, FXIIIa cross‑links Gln and Lys residues of fibrins, which further leads to the formation of 
insoluble fibrin network. AP‑FXIII: Activation peptide factor XIII; FXIII: Factor XIII; FXIIIa: Activated factor XIII; Gln: Glutamine; Lys: Lysine.
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patients with PE might be a result of consumption during 
clot formation.[15] Studies have also shown that the role of 
FXIII in thrombosis may be affected by factors such as 
age and gender. Two studies with 955 and 278 patients, 
respectively, reported that increased FXIII plasma 
concentration was associated with increased incidence rate 
of myocardial infarction and peripheral artery disease in 
female patients.[16,17]

facTor xiii in woUnd healing

Proliferation of granulation tissues is one of the major 
processes of wound healing. Coagulation cascade usually 
starts right after the wound is formed. Inflammatory cells 
such as macrophages and neutrophils will migrate to the 
wounded area due to the chemotactic effect induced by 
cytokines. Angiogenesis then starts under the influence 
of growth factors such as vascular endothelial growth 
factor (VEGF), fibroblast growth factor, and transforming 
growth factor‑G. The newly synthesized small vessels, 
together with fibrin, will form the granulation tissue. FXIII 
also plays an important part in the process. Besides the 
significant role in the coagulation cascade, immobilized 
FXIIIa in the tissue of the wound supports platelet adhesion 
through integrins (αIIbβ3 and αvβ3) on the surface of the 
platelet, a process independent of FXIIIa TG activity,[18] 
thus stabilizing the provisional matrix at the very early 
stage of wound healing. Bacteria are immobilized via 
cross‑linking to fibrin fibers by the action of FXIII.[19] 
FXIII is also able to cross‑link with many molecules such 
as fibronectin and vitronectin, which adheres to the integrin 
of inflammatory cells that would migrate to the wound later. 
As a result, adhesion of the inflammatory cells is enhanced, 
and integrin‑related signal pathway is activated. It is found 
that fibronectin plays a potential role in the activation of 
macrophage,[20] and cross‑linked vitronectin can inhibit 
apoptosis of neutrophils.[21]

FXIII also plays an important role in angiogenesis. VEGF 
receptor‑2 (VEGFR‑2) and αvβ3 on the surface of vascular 
endothelial cells are both signal molecules in angiogenesis, 
which can be activated by fibronectin and vitronectin 
when cross‑linked with FXIII.[22] VEGFR‑2/Evβ3 complex 
formation mediated by FXIII further activates the signal 
pathway of both molecules.[23]

The role of FXIII in wound healing is supported by research 
in both animal studies and clinical cases. Exposure to 
dextran sulfate sodium (DSS) causes mucosa damage 
of colon in mice. The colon damage of wild‑type mice 
was found to recover better than FXIII−/− mice after DSS 
exposure.[24] A research on skin wound healing of mice 
showed similar result. For FXIII deficient mice, the tissue 
defect could be corrected with FXIII.[25] A research study 
including 31 patients of Crohn’s disease (CD) reported that 
plasma FXIII level was lower in patients with active CD 
than patients in remission, indicating FXIII consumption 
during the healing of damaged colons.[26] Another study 
including 249 patients of ulcerative colitis showed that 

plasma FXIIIa was lower in more severe patients (measured 
by clinical activity index, endoscopic and histologic scores). 
Immunohistochemistry also reported FXIII localization in 
extracellular matrix of damaged mucosa, a strong evidence 
of FXIII participating in wound healing process.[27]

facTor xiii in neoPlasm

Researchers have found abnormal FXIII expression 
level or activity in patients with leukemia and solid 
tumors. The cellular form of FXIII (FXIII‑A2) is present 
mainly in platelets, megakaryocytes, monocytes, and 
macrophages.[4] Synthesis of FXIII‑A2 differs in different 
subtypes of leukemia. It was found that FXIII‑A2 expression 
level of tumor cells was significantly elevated in patients 
with acute myelomonocytic leukemia (AML‑M4) and acute 
monocytic leukemia (AML‑M5). The author suggested that 
FXIII level could be used to differentiate myeloblast and 
monoblast.[28,29] Research on acute promyelocytic leukemia 
reported similar results.[30] Elevated FXIII‑A2 expression is 
also found in neoplastic cells of ALL patients.[29,31]

Abnormal FXIII activity has been found in patients with 
solid tumors. A research including 28 patients of nonsmall 
cell lung cancer (NSCLC) found that FXIII activity level 
of patients in advanced‑stage is higher than that of patients 
in early‑stage and healthy controls, indicating that FXIII 
activity level could be potentially used as a marker of 
advanced NSCLC.[32] V34L polymorphism is a common 
mutation of FXIII gene that affects enzyme activity. The L 
allele is found to have higher activity level. Vairaktaris et al. 
analyzed 130 patients of oral squamous cell carcinoma and 
135 healthy controls and found that L allele was associated 
with higher oral cancer risk. It was observed that patients 
with LL homozygotes had a 3‑fold higher risk for oral cancer, 
while in VL, the risk was 2‑fold higher.[33]

Fibrins are found in neoplastic tissues, as well as many 
tumor‑associated macrophages (TAMs) which express 
FXIII‑A2. FXIII‑A2 released from damaged TAMs was 
involved in the stabilization of fibrin network which 
facilitated tumor growth.[34] FXIII was found to be involved 
in tumor metastasis in the research of mice by limiting natural 
killer cell‑mediated clearance of micrometastatic tumor 
cell.[35] However, the role of FXIII in tumorigenesis is still 
unclear, and the relationship between FXIII and leukemia 
and solid tumors needs to be further elucidated.

facTor xiii in bone meTabolism

Bone remodeling is a life‑long process, involving osteoclasts 
that resorb bone and osteoblasts that form new bone tissues. 
Bone extracellular matrix is essential in the process by 
facilitating cell attachment, cell differentiation, and bone 
mineralization. FXIII is found to participate in the formation 
of extracellular matrix.

Researches in mice have reported the activation of FXIII‑A 
gene in osteocytes of long bones (femur) and flat bones 
(calvaria and mandible). A 37,000 protein expressed in bone 
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and was confirmed to be the active product of FXIII‑A after 
posttranslational proteolytic processing.[36] The protein was 
able to stabilize the interaction of microtubules with the 
plasma membrane, making it possible for the secretion of 
exosomes which contain collagen and fibronectin, both of 
which were predominant composition of bone extracellular 
matrix.[37,38] Collagen and fibronectin secreted outside the 
cell could form stable interaction with osteonectin and 
osteopontin, catalyzed by TG.[39] The deposition of Ca2+ and 
collagen would decrease after suppression of TG activation, 
indicating the important role TG played in the mineralization 
and collagen deposition of bone extracellular matrix. The 
main TG family enzymes functioned in these processes were 
TG2 and FXIII.[37]

However, other researches have observed mineralization 
and collagen deposition of extracellular matrix in TG2 
and FXIII‑A knockout mice. Another protein of 37,000, 
with similar function to the active product of FXIII‑A 
mentioned above, has been found. It is reasonable to 
believe that other kinds of protein may also be involved 
in bone remodeling.[40] Further research about such protein 
is needed.

facTor xiii in Pregnancy

Women with congenital FXIII deficiency often suffer from 
miscarriage. A systemic review by Sharief and Kadir found 
127 (66%) miscarriages in 192 pregnancies of 63 women 
with congenital FXIII deficiency. For those without 
prophylactic therapy, as high as 91% of 136 pregnancies 
resulted in miscarriage.[41] FXIII‑A is present in normal 
uterus, implantation tissues, and placenta in normal 
pregnant women, but missing in women of congenital 
FXIII deficiency.[42] Extravillous cytotrophoblasts formed 
the cytotrophoblastic shell which stabilized the interaction 
between embryo and decidua of uterus. It was reported 
that FXIII‑A was missing in the placenta in woman with 
FXIII deficiency, leading to insufficient formation of the 
cytotrophoblastic shell.[43] The cross‑linking between 
proteins such as fibrin and fibronectin was also important 
for the attachment of placenta to uterus.[42]

However, a research including 536 cases reported that 
the plasma level of FXIII could not predict recurrent 
miscarriage.[44] One potential explanation is that FXIII in 
plasma is not equal to that in placenta tissues while the latter 
is the key to pregnancy loss.

conclUsions

FXIII has been treated as merely a coagulation factor for a 
long time by the medical community. Recent studies have 
shown that FXIII, with the essence of TG, is involved in 
many more processes besides coagulation such as wound 
healing, bone extracellular matrix stabilization, and the 
interaction between embryo and decidua of uterus, as well 
as some rare processes [Table 1].[45‑49] The expression and 
activity level of FXIII also changes in leukemia and solid 

tumors, but its underline mechanism is still unknown and 
more research is needed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Muszbek L, Bereczky Z, Bagoly Z, Komáromi I, Katona É. Factor XIII: 

A coagulation factor with multiple plasmatic and cellular functions. 
Physiol Rev 2011;91:931‑72. doi: 10.1152/physrev.00016.2010.

2. Schroeder V, Kohler HP. Factor XIII: Structure and function. Semin 
Thromb Hemost 2016;42:422‑8. doi: 10.1055/s‑0036‑1571341.

3. Souri M, Osaki T, Ichinose A. The non‑catalytic B subunit of 
coagulation factor XIII accelerates fibrin cross‑linking. J Biol Chem 
2015;290:12027‑39. doi: 10.1074/jbc.M114.608570.

4. Schroeder V, Kohler HP. New developments in the area of factor XIII. 
J Thromb Haemost 2013;11:234‑44. doi: 10.1111/jth.12074.

5. Nikolajsen CL, Dyrlund TF, Poulsen ET, Enghild JJ, Scavenius C. 
Coagulation factor XIIIa substrates in human plasma: Identification 
and incorporation into the clot. J Biol Chem 2014;289:6526‑34. doi: 
10.1074/jbc.M113.517904.

6. Muszbek L, Bagoly Z, Bereczky Z, Katona E. The involvement 
of blood coagulation factor XIII in fibrinolysis and thrombosis. 
Cardiovasc Hematol Agents Med Chem 2008;6:190‑205. doi: 
10.2174/187152508784871990.

7. Byrnes JR, Wolberg AS. Newly‑recognized roles of factor XIII in 
thrombosis. Semin Thromb Hemost 2016;42:445‑54. doi: 10.1055/
s‑0036‑1571343.

8. Duval C, Allan P, Connell SD, Ridger VC, Philippou H, Ariëns RA. 
Roles of fibrin α‑ and γ‑chain specific cross‑linking by FXIIIa in 
fibrin structure and function. Thromb Haemost 2014;111:842‑50. doi: 
10.1160/TH13‑10‑0855.

9. Standeven KF, Carter AM, Grant PJ, Weisel JW, Chernysh I, Masova L, 
et al. Functional analysis of fibrin {gamma}‑chain cross‑linking 
by activated factor XIII: Determination of a cross‑linking pattern 
that maximizes clot stiffness. Blood 2007;110:902‑7. doi: 10.1182/
blood‑2007‑01‑066837.

10. Fraser SR, Booth NA, Mutch NJ. The antifibrinolytic function of factor 
XIII is exclusively expressed through a2‑antiplasmin cross‑linking. 
Blood 2011;117:6371‑4. doi: 10.1182/blood‑2011‑02‑333203.

11. Naderi M, Alizadeh S, Kazemi A, Tabibian S, Zaker F, Bamedi T, et al. 
Central nervous system bleeding in pediatric patients with factor XIII 
deficiency: A study on 23 new cases. Hematology 2015;20:112‑8. 
doi: 10.1179/1607845414Y.0000000172.

12. Muszbek L, Katona E. Diagnosis and management of congenital and 
acquired FXIII deficiencies. Semin Thromb Hemost 2016;42:429‑39. 
doi: 10.1055/s‑0036‑1572326.

13. Naderi M, Dorgalaleh A, Alizadeh S, Tabibian S, Hosseini S, 
Shamsizadeh M, et al. Clinical manifestations and management of 
life‑threatening bleeding in the largest group of patients with severe 
factor XIII deficiency. Int J Hematol 2014;100:443‑9. doi: 10.1007/
s12185‑014‑1664‑1.

14. Wiegering V, Andres O, Schlegel PG, Deinlein F, Eyrich M, Sturm A. 

Table 1: Rare processes in which FXIII functions

Process Author Year Type of study
Vascular permeability Hirahara et al.[45] 1993 Animal
Insulin resistance in 

Type 2 diabetes mellitus
Mansfield et al.[46] 2000 Clinical

Corneal wound healing Orosz et al.[47] 2011 Clinical
Liver remodeling Tsujimoto et al.[48] 2011 Animal
Optic nerve regeneration Sugitani et al.[49] 2012 Animal
FXIII: Factor XIII.



Chinese Medical Journal ¦ January 20, 2017 ¦ Volume 130 ¦ Issue 2 223

Hyperfibrinolysis and acquired factor XIII deficiency in newly 
diagnosed pediatric malignancies. Haematologica 2013;98:e90‑1. 
doi: 10.3324/haematol.2013.089045.

15. Kucher N, Schroeder V, Kohler HP. Role of blood coagulation factor 
XIII in patients with acute pulmonary embolism. Correlation of 
factor XIII antigen levels with pulmonary occlusion rate, fibrinogen, 
D‑dimer, and clot firmness. Thromb Haemost 2003;90:434‑8. doi: 
10.1160/TH03‑07‑0031.

16. Bereczky Z, Balogh E, Katona E, Czuriga I, Edes I, Muszbek L. 
Elevated factor XIII level and the risk of myocardial infarction 
in women. Haematologica 2007;92:287‑8. doi: 10.3324/
haematol.10647.

17. Shemirani AH, Szomják E, Csiki Z, Katona E, Bereczky Z, 
Muszbek L. Elevated factor XIII level and the risk of peripheral artery 
disease. Haematologica 2008;93:1430‑2. doi: 10.3324/haematol.

18. Magwenzi SG, Ajjan RA, Standeven KF, Parapia LA, Naseem KM. 
Factor XIII supports platelet activation and enhances thrombus 
formation by matrix proteins under flow conditions. J Thromb 
Haemost 2011;9:820‑33. doi: 10.1111/j.1538‑7836.2011.04234.x.

19. Loof TG, Mörgelin M, Johansson L, Oehmcke S, Olin AI, Dickneite G, 
et al. Coagulation, an ancestral serine protease cascade, exerts a novel 
function in early immune defense. Blood 2011;118:2589‑98. doi: 
10.1182/blood‑2011‑02‑337568.

20. Kim H, Ahn M, Choi S, Kim M, Sim KB, Kim J, et al. Potential 
role of fibronectin in microglia/macrophage activation following 
cryoinjury in the rat brain: An immunohistochemical study. Brain Res 
2013;1502:11‑9. doi: 10.1016/j.brainres.2013.01.043.

21. Bae HB, Zmijewski JW, Deshane JS, Zhi D, Thompson LC, 
Peterson CB, et al. Vitronectin inhibits neutrophil apoptosis through 
activation of integrin‑associated signaling pathways. Am J Respir 
Cell Mol Biol 2012;46:790‑6. doi: 10.1165/rcmb.2011‑0187OC.

22. Soendergaard C, Kvist PH, Seidelin JB, Nielsen OH. 
Tissue‑regenerating functions of coagulation factor XIII. J Thromb 
Haemost 2013;11:806‑16. doi: 10.1111/jth.12169.

23. Dardik R, Loscalzo J, Eskaraev R, Inbal A. Molecular 
mechanisms underlying the proangiogenic effect of factor XIII. 
Arterioscler Thromb Vasc Biol 2005;25:526‑32. doi: 10.1161/01.
ATV.0000154137.21230.80.

24. Andersson C, Kvist PH, McElhinney K, Baylis R, Gram LK, Pelzer H, 
et al. Factor XIII transglutaminase supports the resolution of mucosal 
damage in experimental colitis. PLoS One 2015;10:e0128113. doi: 
10.1371/journal.pone.0128113.

25. Inbal A, Lubetsky A, Krapp T, Castel D, Shaish A, Dickneitte G, 
et al. Impaired wound healing in factor XIII deficient mice. Thromb 
Haemost 2005;94:432‑7. doi: 10.1160/TH05‑04‑0291.

26. Higaki S, Nakano K, Onaka S, Amano A, Tanioka Y, Harada K, 
et al. Clinical significance of measuring blood coagulation factor 
XIIIA regularly and continuously in patients with Crohn’s disease. 
J Gastroenterol Hepatol 2006;21:1407‑11. doi: 10.1111/j.1440‑1746.
2006.04319.x.

27. D’Argenio G, Cosenza V, Riegler G, Della Valle N, Deritis F, 
Mazzacca G. Serum transglutaminase correlates with endoscopic and 
histopathologic grading in patients with ulcerative colitis. Dig Dis Sci 
2001;46:649‑57. doi: 10.1023/A:1005680022573.

28. Kappelmayer J, Simon A, Katona E, Szanto A, Nagy L, Kiss A, et al. 
Coagulation factor XIII‑A. A flow cytometric intracellular marker 
in the classification of acute myeloid leukemias. Thromb Haemost 
2005;94:454‑9. doi: 10.1160/TH05‑03‑0206.

29. Kiss F, Simon A, Csáthy L, Hevessy Z, Katona E, Kiss C, 
et al. A coagulation factor becomes useful in the study of acute 
leukemias: Studies with blood coagulation factor XIII. Cytometry A 
2008;73:194‑201. doi: 10.1160/TH05‑03‑0206.

30. Gonçalves E, Lopes da Silva R, Varandas J, Diniz MJ. Acute 
promyelocytic leukaemia associated Factor XIII deficiency 
presenting as retro‑bulbar haematoma. Thromb Res 2012;129:810‑1. 
doi: 10.1016/j.thromres.2012.03.008.

31. Kiss F, Hevessy Z, Veszprémi A, Katona E, Kiss C, Vereb G, et al. 
Leukemic lymphoblasts, a novel expression site of coagulation factor 
XIII subunit A. Thromb Haemost 2006;96:176‑82. doi: 10.1160/
TH06‑05‑0270.

32. Lee SH, Suh IB, Lee EJ, Hur GY, Lee SY, Lee SY, et al. Relationships 
of coagulation factor XIII activity with cell‑type and stage of 
non‑small cell lung cancer. Yonsei Med J 2013;54:1394‑9. doi: 
10.3349/ymj.2013.54.6.1394.

33. Vairaktaris E, Vassiliou S, Yapijakis C, Spyridonidou S, Vylliotis A, 
Derka S, et al. Increased risk for oral cancer is associated with 
coagulation factor XIII but not with factor XII. Oncol Rep 
2007;18:1537‑43. doi: 10.3892/or.18.6.1537.

34. Quatresooz P1, Paquet P, Hermanns‑Lê T, Piérard GE. Molecular 
mapping of factor XIIIa‑enriched dendrocytes in the skin (Review). 
Int J Mol Med 2008;22:403‑9. doi: 10.3892/ijmm_00000036.

35. Palumbo JS, Barney KA, Blevins EA, Shaw MA, Mishra A, Flick MJ, 
et al. Factor XIII transglutaminase supports hematogenous tumor 
cell metastasis through a mechanism dependent on natural killer cell 
function. J Thromb Haemost 2008;6:812‑9. doi: 10.1111/j.1538‑7836
.2008.02938.x.

36. Nakano Y, Al‑Jallad HF, Mousa A, Kaartinen MT. Expression 
and localization of plasma transglutaminase factor XIIIA in 
bone. J Histochem Cytochem 2007;55:675‑85. doi: 10.1369/
jhc.6A7091.2007.

37. Al‑Jallad HF, Myneni VD, Piercy‑Kotb SA, Chabot N, Mulani A, 
Keillor JW, et al. Plasma membrane factor XIIIA transglutaminase 
activity regulates osteoblast matrix secretion and deposition by 
affecting microtubule dynamics. PLoS One 2011;6:e15893. doi: 
10.1371/journal.pone.0015893.

38. Wang S, Cui C, Hitomi K, Kaartinen MT. Detyrosinated Glu‑tubulin 
is a substrate for cellular Factor XIIIA transglutaminase in 
differentiating osteoblasts. Amino Acids 2014;46:1513‑26. doi: 
10.1007/s00726‑014‑1719‑x.

39. Aeschlimann D, Mosher D, Paulsson M. Tissue transglutaminase and 
factor XIII in cartilage and bone remodeling. Semin Thromb Hemost 
1996;22:437‑43. doi: 10.1055/s‑2007‑999043.

40. Cordell PA, Newell LM, Standeven KF, Adamson PJ, Simpson KR, 
Smith KA, et al. Normal bone deposition occurs in mice deficient 
in factor XIII‑A and transglutaminase 2. Matrix Biol 2015;43:85‑96. 
doi: 10.1016/j.matbio.2015.02.001.

41. Sharief LA, Kadir RA. Congenital factor XIII deficiency in women: 
A systematic review of literature. Haemophilia 2013;19:e349‑57. doi: 
10.1111/hae.12259.

42. Inbal A, Muszbek L. Coagulation factor deficiencies and pregnancy loss. 
Semin Thromb Hemost 2003;29:171‑4. doi: 10.1055/s‑2003‑38832.

43. Asahina T, Kobayashi T, Okada Y, Goto J, Terao T. Maternal blood 
coagulation factor XIII is associated with the development of 
cytotrophoblastic shell. Placenta 2000;21:388‑93. doi: 10.1053/
plac.1999.0489.

44. Ogasawara MS, Aoki K, Katano K, Ozaki Y, Suzumori K. Factor 
XII but not protein C, protein S, antithrombin III, or factor XIII is a 
predictor of recurrent miscarriage. Fertil Steril 2001;75:916‑9. doi: 
10.1016/S0015‑0282(01)01688‑0.

45. Hirahara K, Shinbo K, Takahashi M, Matsuishi T. Suppressive effect 
of human blood coagulation factor XIII on the vascular permeability 
induced by anti‑guinea pig endothelial cell antiserum in guinea pigs. 
Thromb Res 1993;71:139‑48. doi: 10.1016/0049‑3848(93)90180‑V.

46. Mansfield MW, Kohler HP, Ariëns RA, McCormack LJ, Grant PJ. 
Circulating levels of coagulation factor XIII in subjects with 
type 2 diabetes and in their first‑degree relatives. Diabetes Care 
2000;23:703‑5. doi: 10.2337/diacare.23.5.703.

47. Orosz ZZ, Katona É, Facskó A, Módis L, Muszbek L, Berta A. Factor 
XIII subunits in human tears; their highly elevated levels following 
penetrating keratoplasty. Clin Chim Acta 2011;412:271‑6. doi: 
10.1016/j.cca.2010.10.017.

48. Tsujimoto I, Moriya K, Sakai K, Dickneite G, Sakai T. Critical role 
of factor XIII in the initial stages of carbon tetrachloride‑induced 
adult liver remodeling. Am J Pathol 2011;179:3011‑9. doi: 10.1016/j.
ajpath.2011.08.037.

49. Sugitani K, Ogai K, Hitomi K, Nakamura‑Yonehara K, Shintani T, 
Noda M, et al. A distinct effect of transient and sustained upregulation 
of cellular factor XIII in the goldfish retina and optic nerve on optic 
nerve regeneration. Neurochem Int 2012;61:423‑32. doi: 10.1016/j.
neuint.2012.06.004.


