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Previously Activated Psoralen: A Possible Novel Format of Psoralen Used in the
Treatment of Graft-versus-host Disease
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ABSTRACT

Graft-versus-host disease (GVHD) is a lethal complication of allogeneic haematopoietic stem cell trans-
plantation which limits its application. Psoralen was utilized in the treatment of GVHD as a second-
line method, which is also known as extracorporeal photochemotherapy (ECP). In the process of ECP, 
mononuclear cells must be isolated from the body in advance. Then a photosensitizer, 8-methoxypso-
ralen (8-MOP, 200 µg/L for the final concentration), would be added to the cell suspension before its ex-
posure to ultraviolet A [UVA; 365 nm, 2J/cm2]. The disposed lymphocytes re-infused into the body 
account for 5% to 15% of the lymphocytes in the body. The process of ECP is complicated, expensive 
and very labour intensive, which limits its popularity. We hypothesized that psoralen should be 
activated by UVA, and should be kept in activation for a relatively long time before it gets in contact with 
mononuclear cells. This kind of psoralen is called previously activated psoralen (PAP), which may have 
the same effects on GVHD as ECP, but would be much easier and economical to work with.
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Psoraleno Activado Previamente: Un Novedoso Posible Formato de Psoraleno
Utilizado en el Tratamiento de la Enfermedad de Injerto-contra-huésped

X Hu, L Qian, X Chen, J Shen

RESUMEN

La enfermedad de injerto-contra-huésped (EICH, o GVHD por las siglas en inglés) es una complicación 
letal del trasplante alogénico de células madre hematopoyéticas que limita su aplicación. El psoraleno 
se utilizó en el tratamiento de EICH como método de segunda línea, también conocido como fotoqui-
mioterapia extracorpórea (F EC). En el proceso de FEC, las células mononucleares tienen que ser ais-
ladas del cuerpo por adelantado. Entonces un fotosensibilizador, 8-methoxypsoraleno (8-MOP, 200 µg/L 
para la concentración final), se añadirá a la suspensión de células antes de su exposición a radiación 
ultravioleta A [UVA; 365 nm, 2J/cm2]. Los linfocitos eliminados re-infundidos en el cuerpo represen-
tan del 5% al 15% de los linfocitos en el cuerpo. El proceso de FEC es complicado, costoso, y requiere 
mucho trabajo, lo cual limita su popularidad. Partimos de la hipótesis de que el psoraleno debe ser 
activado por rayos UVA y debe mantenerse en activación por un tiempo relativamente largo, antes de que 
se ponga en contacto con las células mononucleares. Este tipo de psoraleno se denomina psoraleno 
activado previamente (PAP), el cual puede tener los mismos efectos sobre la EICH que la FEC, pero de 
manera mucho más fácil y económica.
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INTRODUCTION
Graft-versus-host disease (GVHD), including the acute
(aGVHD) and chronic (cGVHD) conditions, is a severe com-
plication associated with allogeneic haematopoietic stem cell
transplantations (HSCT), which causes significant mortality
and morbidity. It has been demonstrated that aGVHD is an
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inflammatory process leading to target organ damage, and
cGVHD is just like an autoimmune disease where immune tol-
erance is broken (1−3). Traditionally, the first-line treatment
of GVHD is steroids alone or in combination with calcineurin
inhibitors. Long-term administration of these drugs leads to
severe complications including life-threatening infections, re-
duced quality of life and psychosocial disturbances (4−6).

Recently, extracorporeal photochemotherapy (ECP) was
considered as a safe, well-tolerated and effective regimen for
refractory and recurrent GVHD (7−11). It has been demon-
strated that a photosensitizer could induce apoptosis of acti-
vated lymphocytes. Cross-linking between photosensitizer
8-methoxypsoralen (8-MOP) and DNA would proceed after
absorbing light energy then DNA synthesis would be inhibited
which could lead to damaged lymphocytic function (12). Un-
like the lymphocytes, circulating activated monocytes also
have an important role in ECP treatment. It has been reported
that activated monocytes could promote the release of anti-in-
flammatory cytokines (eg, interleukin (IL)-1, IL-10, tumour
necrosis factor-alpha [TNF-α]) and stimulate anti-tumour res-
ponses by effector cells [NK cells, cytotoxic T cells] (13−15).
Moreover, it has been theorized that ECP could induce apop-
tosis of treated lymphocytes, promote reversion of inflamma-
tion conducted by T helper cells and develop immune tolerance
induced by T-reg cells (10). Besides, the photosensitizer could
facilitate the proliferation of regulatory T cell (16). Schmitt et
al (17) showed that ECP could enhance the suppressive func-
tion of T-reg cells. However, ECP was not able to restore the
suppressive function of the patient-derived T-reg cells com-
pletely. It has been demonstrated that the disorder of T-reg
cells could accelerate progression of GVHD after transplanta-
tion (18, 19). The transfer of cells treated with ECP could re-
verse the established GVHD by increasing donor T-reg cells
and indirectly reducing the number of donor effector lympho-
cytes (20).

A study of 23 adult patients with steroid-refractory
aGVHD (grade II‒IV) revealed that 52% of patients who were
given ECP had complete response. The incidence of complete
response in the skin, liver and gut were 66, 27 and 40%, res-
pectively (21). Data from 31 children with aGVHD showed
that the two-year overall survival (OS), progression-free sur-
vival (PFS) and event-free survival (EFS) were 85% vs 57%,
87% vs 67% and 87% vs 63%, respectively between the ECP
and steroid group, all with no statistically significant differ-
ence (22).

The first report regarding the administration of ECP in
the treatment of cGVHD was presented by Owsianowski et al
(23). After that, several reports of clinical research have cer-
tified the efficacy of ECP in steroid-refractory cGVHD (24,
25). Dignan et al evaluated 82 patients with steroid-refractory,
steroid-dependent or steroid-intolerant GVHD who received a
bi-monthly regimen of ECP treatment for two consecutive
days. Ninety-four per cent of patients observed an improve-
ment in symptoms of cGVHD, and 77% of patients had a re-

duction in dosage of immunosuppressants. The three-year OS
was 69% (26). A retrospective analysis reported ECP treat-
ment in 32 patients with cutaneous cGVHD (27). The evalu-
ated patients had been previously treated with steroid,
mycophenolate mofetil. Compete response (CR) rate was 22%
and partial response (PR) rate was 34%. A total of 34% of pa-
tients died after ECP treatment [due to overlapping cGVHD or
cGVHD-related infections] (27).

Another retrospective study evaluated 30 aGVHD and
32 cGVHD patients who had received ECP treatment with a
promising result after three months. There were nine patients
(30%) in CR and six patients (20%) in PR for aGVHD, and
two patients (6%) and 12 patients (38%), respectively for
cGVHD. After three months of ECP treatment, there was a
significant reduction of the hormone dose in 83% of patients
with aGVHD and in 29% of patients with cGVHD. Overall
survival significantly improved after allo-stem cell transplan-
tation (28).

HYPOTHESIS
Extracorporeal photochemotherapy is a traditional mode of
psoralen therapy applied in the treatment of GVHD. Yet, ECP
is just used as a second-line medication. Possible reasons may
be as follows: i) a relatively complicated procedure; ii) re-
quirement of precious instruments; iii) expensive consumptive
materials; iv) limited effects (each harvest of lymphocytes
account for about 5−15% of the whole count of circulating
lymphocytes in the body); v) the mechanism is still not clear
(29, 30).

It has been demonstrated that previously activated pso-
ralen (PAP) had significant cytotoxic effects on primary
leukaemic cells from patients with acute leukemia and K562
cells (31, 32). Moreover, the H proton spectrum structure
analysis showed that the structure of PAP was different from
the structure of psoralen before irradiation (unpublished data).
So we present the hypothesis that psoralen should be activated
by ultraviolet A before infused into the patient’s body and PAP
therapy should produce equivalent or better effects when com-
pared with ECP. Currently used ECP has proven that the har-
vest of lymphocytes in ECP also included more or less plasma.
Previously activated psoralen would encounter various plasma
components similarly once it is injected into the human body,
just with a difference in amounts of plasma. It is supposed that
we should infuse more dosage of PAP than the dosage of pso-
ralen in ECP, with an efficient blood concentration and ongo-
ing effect on the lymphocytes in the body. It is conceivable
that PAP therapy may be more efficient than ECP in the treat-
ment of GVHD, with a simpler procedure and at lower ex-
pense. Consequently, PAP may be a possible novel format of
psoralen used in the treatment of GVHD.

The above-mentioned mechanisms are summed up from
the ECP basically. Whether the function of PAP is influenced
by the imminent environment of the body and whether PAP
therapy has the same effects as ECP is still not clear and thus,
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worthy of further investigation. This research is now in
progress by the Department of Hematology, Navy General
Hospital, Beijing, PRC.

AUTHORS’ NOTE
All authors declare no conflicts of interest.

REFERENCES
1. Ferrara JLM, Cooke KR, Teshima T. The pathophysiology of acute graft-

versus-host disease. Int J Hematol 2003; 78: 181–7.
2. Baird K, Pavletic SZ. Chronic graft versus host disease. Curr Opin Hema-

tol 2006; 13: 426–35.
3. Soiffer RJ. Immune modulation and chronic graft-versus-host disease.

Bone Marrow Transplant 2008; 42: S66–9.
4. Holler E. Risk assessment in haematopoietic stem cell transplantation:

GVHD prevention and treatment. Best Pract Res Clin Haematol 2007;
20: 281−94.

5. Bacigalupo A. Management of acute graft-versus-host-disease. Br J
Haematol 2007; 137: 87–98.

6. Arora M. Therapy of chronic graft-versus-host disease. Best Pract Res
Clin Haematol 2008; 21: 271–9.

7. Knobler R, Barr ML, Couriel DR, Ferrara JL, French LE, Jaksch P et al.
Extracorporeal photopheresis: past, present, and future. J Am Acad Der-
matol 2009; 61: 652−65.

8. Copelan EA. Hematopoietic stem-cell transplantation. N Engl J Med
2006; 354: 1813.

9. Couriel DR, Hosing C, Saliba R, Shpall EJ, Anderlini P, Rhodes B et al.
Extracorporeal photochemotherapy for the treatment of steroid-resistant
chronic GVHD. Blood 2006; 107: 3074−80.

10. Greinix HT, Knobler RM, Worel N, Schneider B, Schneeberger A,
Hoecker P et al. The effect of intensified extracorporeal photo-
chemotherapy on long-term survival in patients with severe acute graft-
versus-host disease. Haematologica 2006; 91: 405−8.

11. Duzovali O, Chan KW. Intensive extracorporeal photochemotherapy in
pediatric patients with chronic graft-versus-host disease (cGVHD).
Pediatr Blood Cancer 2007; 48: 218−21.

12. Szodoray P, Papp G, Nakken B, Harangi M, Zeher M. The molecular and
clinical rationale of extracorporeal photochemotherapy in autoimmune
diseases, malignancies and transplantation. Autoimmun Rev 2010; 9:
459−64.

13. Berger CL, Hanlon D, Kanada D, Girardi M. Transimmunization, a novel
approach for tumor immunotherapy. Transfus Apher Sci 2002; 26:
205−16.

14. Fimiani M, Di Renzo M, Rubegni P. Mechanism of action of extracor-
poreal photochemotherapy in chronic graft-versus-host disease. Br J Der-
matol 2004; 150: 1055−60.

15. Di Renzo M, Sbano P, De Aloe G, Pasqui AL, Rubegni P, Ghezzi A et al.
Extracorporeal photopheresis affects co-stimulatory molecule expression
and interleukin-10 production by dendritic cells in graft-versus-host dis-
ease patients. Clin Exp Immunol 2008; 151: 407−13.

16. Tsirigotis P, Kapsimalli V, Baltadakis I, Kaloyannidis P, Karakasis D,
Papalexandri A et al. Extracorporeal photopheresis in refractory chronic
graft-versus-host disease: the influence on peripheral blood T cell sub-

populations. A study by the Hellenic Association of Hematology. Trans-
fus Apher Sci 2012; 46: 181−8.

17. Schmitt S, Johnson TS, Karakhanova S, Näher H, Mahnke K, Enk AH.
Extracorporeal photophoresis augments function of CD4 + CD25 +
FoxP3 + regulatory T cells by triggering adenosine production. Trans-
plantation 2009; 88: 411−6.

18. Nguyen VH, Zeiser R, Negrin RS. Role of naturally arising regulatory T
cells in hematopoietic cell transplantation. Bio Blood Marrow Transplant
2006; 12: 995−1009.

19. Zorn E, Kim HT, Lee SJ, Floyd BH, Litsa D, Arumugarajah S et al. Re-
duced frequency of FoxP3+CD4+CD25+ regulatory T cells in patients
with chronic graft-versus-host disease. Blood 2005; 106: 2903−11.

20. Gatza E, Rogers CE, Clouthier SG, Lowler KP, Tawara I, Liu C et al. Ex-
tracorporeal photopheresis reverses experimental graft-versus-host dis-
ease through regulatory T cells. Blood 2008; 112: 1515−21.

21. Perfetti P, Carlier P, Strada P, Gualandi F, Occhini D, Van Lint MT et al.
Extracorporeal photopheresis for the treatment of steroid refractory acute
GVHD. Bone Marrow Transplant 2008; 42: 609–17.

22. Calore E, Calò A, Tridello G, Cesaro S, Pillon M, Varotto S et al. Extra-
corporeal photochemotherapy may improve outcome in children with
acute GVHD. Bone Marrow Transplant 2008; 42: 421–5.

23. Owsianowski M, Gollnick H, Siegert W, Schwerdtfeger R, Orfanos CE.
Successful treatment of chronic graft-versus-host disease with extracor-
poreal photopheresis. Bone Marrow Transplant 1994; 14: 845–8.

24. Spisek R, Gasova Z, Bartunkova J. Maturation state of dendritic cells
during the extracorporeal photopheresis and its relevance for the treat-
ment of chronic graft-versus-host disease. Transfusion 2006; 46: 55−65.

25. Wolff D, Schleuning M, von Harsdorf S, Bacher U, Gerbitz A, Stadler M
et al. Consensus conference on clinical practice in chronic GVHD:
second-line treatment of chronic graft-versus-host disease. Biol Blood
Marrow Transplant 2011; 17: 1–17.

26. Dignan FL, Greenblatt D, Cox M, Cavenagh J, Oakervee H, Apperley JF
et al. Efficacy of bimonthly extracorporeal photopheresis in refractory
chronic mucocutaneous GVHD. Bone Marrow Transplant 2012; 47:
824−30.

27. Apisarnthanarax N, Donato M, Korbling M, Couriel D, Gajewski J,
Giralt S et al. Extracorporeal photopheresis therapy in the management of
steroid-refractory or steroid-dependent cutaneous chronic graft-versus-
host disease after allogeneic stem cell transplantation: feasibility and re-
sults. Bone Marrow Transplant 2003; 31: 459−65.

28. Hautmann AH, Wolff D, Hahn J, Edinger M, Schirmer N, Ammer J et al.
Extracorporeal photopheresis in 62 patients with acute and chronic
GVHD: results of treatment with the COBE Spectra System. Bone Mar-
row Transplant 2013; 48: 439−45.

29. Kaloyannidis P, Mallouri D. The role of the extracorporeal photophere-
sis in the management of the graft-versus-host disease. Transfus Apher
Sci 2012; 46: 211–9.

30. Foss FM, Gorgun G, Miller KB. Extracorporeal photopheresis in chronic
graft-versus-host disease. Bone Marrow Transplant 2002; 29: 719−25.

31. Shen JL, Huang YZ, Yang PD, Gong LZ. The killing effects of previ-
ously activated psoralen on leukemic cells. Chin Clin Oncol 2006; 11:
502−8.

32. Huang YZ, Shen JL, Yang PD. Inhibitive effects of previously activated
psoralens on the proliferation of K562 cells. J Exper Hematol 2004; 12:
568−71.




