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Abstract: Introduction: Fingolimod is an immunomodulating oral treatment used for treating relapsing-remitting 
multiple sclerosis (RRMS). The exact mechanism for its action in preventing relapses is unknown. Also, its affect on 
immune cell populations remains unestablished. Objectives: This study will measure the changes in cell populations 
of WBCs, lymphocytes, and neutrophils in MS patients after one month of treatment. Methods: 66 MS patients from 
Isfahan Province with RRMS were chosen based on certain exclusion criteria and eligibility for fingolimod oral treat-
ment. Initial cell counts for WBC, lymphocyte, and neutrophil cell populations were achieved. Fingolimod .5 mg daily 
treatment was then initiated under the supervision of a physician. After one month of treatment, cell counts were 
repeated. Statistical analysis was performed using SPSS. Results: Both lymphocyte and WBC mean cell counts were 
significantly decreased in this patient cohort. Neutrophil average cell counts were significantly increased in this 66 
patient cohort. Only the decrease of WBC populations was significant for both male and female cohorts individu-
ally. Only female sub-cohorts were significantly changed for neutrophils and lymphocytes, increased and decreased 
respectively. Male sub-cohorts maintained the same directionality but failed to produce statistical significance. 
Conclusion: While fingolimod has been effectively proven as reducing lymphocyte cells in most patient popula-
tions, its effects on neutrophils have not been studied in abundance. Also, there may be sex-related differences in 
responses to fingolimod treatment with regards to lymphocytes and neutrophils, suggesting a possible difference in 
RRMS pathogenesis between males and females.
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Introduction

Multiple Sclerosis (MS) is a chronic autoim-
mune disease that causes deterioration of the 
myelin sheath and leads to increasing escala-
tion of neurological symptoms. Both physical 
and cognitive symptoms are frequently obse- 
rved in MS patients [1]. The disease can lead to 
increasing levels of disability. Currently, there is 
no definite understanding of the pathology of 
MS or a method for curing it [2]. Immuno- 
modulation utilizing drugs is the most common 
type of therapies for MS [3]. Fingolimod, clini- 
cal name GilenyaTM, is an immunomodulatory 
drug that has recently been approved for the 
treatment of multiple sclerosis [4]. There are of 
course other therapeutic options in treating MS 
which are mostly consisted of injectable drugs 
and most of them need to be injected under 
close observation of health care personals 
because of possible drug reactions. Oral intake 

of Fingolimod made it an easy option of MS 
treatment among other therapeutic options and 
brings a better patient’s compliance for drug 
intake [5]. Fingolimod is a modulator of sphin-
gosine 1-phosphate (S1P) receptor [6]. Fingoli- 
mod acts on the S1P1 receptor as an agonist, 
thereby causing subsequent downregulation of 
the receptor’s expression. Stimulation of S1P1 
receptor can cause lymphocytes to leave the 
lymphoid tissues, and by this mean, they will 
enter circulation [7]. Fingolimod treatment 
leads to less expression of these receptors, 
which causes a decrease in the number of lym-
phocytes in the central nervous system (CNS) 
[8]. These lymphocytes are then unable to 
cause an immune response in the CNS, pre-
venting further myelin sheath damage. CNS 
effects of Fingolimod are mediated through its 
mechanism of crossing the blood-brain barrier 
(BBB) [9]. 
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Fingolimod has produced promising results in 
MS patients thus far. In patients with relapsing-
remitting MS (RRMS), remission has been 
achieved, and in cases where the drug has 
been used on non-remitting forms of MS, symp-
toms have been made less severe in some 
instances [10]. The most serious of these are 
heart conditions due to the protective effect  
of sphingolipids on the cardiovascular system 
[11]. Other side effects which have been docu-
mented to be along with fingolimod therapy 
include herpetic viral infections, macular ed- 
ema and aggressive skin cancer [12, 13]. 
However, the most common side effects are 
unremarkable and usually mild and typical of 
most medications [14]. There is still so much 
unknown about how fingolimod might affect 
other neurological functioning, which is a con-
cern for patients taking the drug for extended 
amounts of time. The effects of fingolimod on 
lymphocytes are well recognized, and lympho-
penia is the commonly reported effect. This 
study addresses fingolimod’s effects on white 
blood cells explicitly, and lymphocytes and ne- 
utrophils specifically. Lymphocytes include T 
and B cells. Neutrophils are the most abun- 
dant type of white blood cells and are phago-
cytic, an essential element of the immune sys-
tem. The extensive research done on lympho-
cytic populations is not matched in neutrophil 
population studies. This study not only seeks  
to reinforce previous findings of lymphocytes 
and white blood cells overall but to add to the 
literature on fingolimod information about neu-
trophil population effects. 

Methods and materials

Patients

This one-month cohort study contained a total 
of 66 MS patients with the mean age of 32.65 
± 8.12 diagnosed with RRMS based on Mc- 
Donald’s criteria by expert neurologists in Al- 
Zahra hospital, Isfahan. Our inclusion criteria 
were having one or more documented relapses 
in the previous year or at least 2 relapses dur-
ing the previous 2 years or at least one baseline 
gadolinium (Gd)-enhancing T1 lesion on mag-
netic resonance imaging (MRI). All 66 patients 
signed the written informed consent, and the 
ethics committee approved the study. Our st- 
udy initiated with blood collection from all 
patients for cell analysis and then immediately 
afterward, oral fingolimod 0.5 mg daily was pre-

scribed for all patients under doctor’s permis-
sion. Smoking, alcohol/drug abuse, Infection, 
high neutrophil count, having vaccination with 
liver attenuated vaccine within two months 
before study, having EKG or any other cardio-
vascular problems, having macular edema or 
any eye disease, having skin lesions or skin 
cancer, having one documented relapse or cor-
ticosteroid treatment within 30 days prior to 
the study initiation, intake of aspirin or any 
other anticoagulant within 2 weeks prior and 
natalizumab treatment within 6 months prior to 
randomization shaped our exclusion criteria. 

Cell counts

Before fingolimod treatment of 0.5 mg daily 
was initiated, we collected 3 ml of venous blo- 
od samples from all MS patients utilizing us- 
ual venipuncture. The blood samples were all 
stored in tubes containing EDTA as an anti- 
coagulant for further cell count analysis. The 
whole blood white blood cells (WBCs), lympho-
cytes and neutrophils were determined using 
an AcT Diff Coulter Counter (Beckman Coulter, 
Inc. Fullerton, CA) standardized with Coulter 
4C-ES Cell Control (Beckman Coulter). It should 
be noted that all the commercial experiment 
kits that were used for the analyses were 
bought from the same company. Immediately 
after the first blood sampling, all patients 
received fingolimod 0.5 mg daily under doctor’s 
permission for one month. At the end of fingoli-
mod therapeutic period, patients were recall- 
ed to IMSS for final blood sampling and cell 
counting. At this time, 3 ml of venous blood  
was collected, and whole blood WBCs, lympho-
cytes and neutrophils were counted again as 
described above. 

Statistical analysis was performed using SPSS 
for hardware (version 20). Our data were nor-
malized according to Smirnov Test-sample 
Kolmogorov-One. Furthermore, paired sample 
T-test and independent sample T-test were 
used for other statistical analysis. All tests were 
two-tailed and P < 0.05 was considered as a 
significant threshold. 

Results

66 patients (55 female and 11 male) with the 
mean age of 32.65 ± 8.12 were registered in 
this one-month cohort study. WBC: As the la- 
boratory results show, the mean total num- 
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ber WBC count before treatment initiation is 
7,327.42 ± 2,517.30 in all patients (WBC1) and 
after the one month therapeutic period with fin-
golimod, the total mean WBC count amongst 
this cohort is 4,032.58 ± 1,166.48 (WBC2). 
This data indicates a considerable decrease in 
the mean WBC counts in the blood (P = 0.00). 
Although the mean blood WBC counts in male 
and female patients before study treatment 
with fingolimod was 8,156.36 ± 3,205.99 and 
7,161.64 ± 2,357.18 and after one month fol-
low up, the mean blood WBC became 4,261.82 
± 1,198.64 and 3,986.73 ± 1,165.74 in men 
and women. These results show a significant 
decrease in blood WBC both in men and women 
(P = 0.00). Patients statistics are described in 
Table 1.

Lymphocytes: On the other hand, the mean 
blood lymphocytes among all patients before 
the study (lymph1) was 30.79 ± 10.43, and the 
measurements after treatment with fingolimod 
(lymph2) yield 16.18 ± 7.78 which is meaning-
fully lower than before (P = 0.00). AS measure-
ments indicate, the mean blood lymphocytes 
among men and women before fingolimod 
treatment were 28.60 ± 11.61 and 31.27 ± 
10.23. After one month the mean blood lym-
phocytes decreased to 19.28 ± 10.10 and 
15.52 ± 7.13 in men and women. Such aug-
ments in mean blood lymphocytes were al- 
though statistically significant in women MS 
patients (P = 0.00), but the results indicate an 
inconsiderable decrease in mean blood lym-
phocytes in men (P = 0.10).

Neutrophils

Furthermore, total blood neutrophils among 
study population before fingolimod prescription 

measurements indicate a significant increase 
in mean blood neutrophils in women (P = 0.00) 
but a statistically insignificant increase in men 
mean blood neutrophils (P = 0.45) (Table 2).

Discussion

In this sample of 66 patients, we found signifi-
cant decreases in white blood cell and lympho-
cyte counts and significant increases in neutro-
phil counts after one month of fingolimod tre- 
atment. It is important to note that these statis-
tically significant changes were found in the 
entire cohort. When males and females were 
analyzed separately, the results were slightly 
different. In the case of white blood cells, both 
male and female cohorts separately showed 
statistically significant decreases. The decrea- 
se seen in both male and female lymphocyte 
count averages was only statistically signifi- 
cant in females. Finally, the increase seen in 
neutrophils was only significant in the female 
cohort. This suggests that the changes in the- 
se specific WBC populations may be more dras-
tic for female patients taking the drug than in 
males. The pathways behind RRMS are even 
more misunderstood. However, there is some 
evidence that the pathways for RRMS may dif-
fer between males and females, and specifi-
cally in the role neutrophils and B cells have 
[15].

These specific cell populations each have dif-
ferent immune function and show that fingoli-
mod’s mechanisms are vast and intricate. By 
looking at the overall function of these cell pop-
ulations and how fingolimod is changing their 
numbers, the drug’s actual action in the case  
of MS can be further understood. White blood 
cells encompass many different types of im- 

Table 1. Descriptive statistics
N Minimum Maximum Mean Std. Deviation

Age 60 19 54 32.65 8.12
Age male 10 27 54 36.90 8.87
Age female 49 19 51 31.75 7.85
Age at onset total 60 18 49 29.68 7.94
Age at onset male 10 23 49 33.00 8.70
Age at onset female 50 18 48 29.02 7.70
EDSS total 60 1 5 1.60 .78
EDSS male 10 1 2 1.25 .35
EDSS female 50 1 5 1.68 .83
Valid N (listwise) 0

(neut1) was 60.80 ± 11.49 and 
after total neutrophil counts 
(neut2) became 71.29 ± 11.57, 
that indicates a statistically high-
er neutrophils count in our study 
population (P = 0.00). Based on 
laboratory results, the mean 
blood neutrophils in men and 
women were 63.85 ± 13.09 and 
60.15 ± 11.15, and at the end of 
the study, the mean blood neu-
trophils became 69.55 ± 12.15 
and 71.66 ± 11.54 in men and 
women MS patients participated 
in our study. These laboratory 
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mune cells; however, the general trend of de- 
creased immune cell counts suggests a decre- 
ased immune response, and hopefully a de- 
creased autoimmune response. Lymphocytes 
are more specifically involved in autoimmunity 
[16]. There is evidence that T cells are explicit- 
ly made for self-antigens by the body, and this 
may lead to an autoimmune response, in the 
case of MS the attack on myelin and axons [17, 
18]. It is the actual activation of these self-reac-
tive T cells, which is usually prevented in healthy 
individuals, that leads to autoimmunity under 
most models of MS pathogenesis [19]. There is 
also a question as to how and why these T cells 
enter the CNS to affect CNS tissues actively, 
but it seems that certain phases in T cell devel-
opment are more conducive to crossing the 
BBB [20]. B cells have long been thought of as 
circumstantial participants in this pathway, but 
recently humoral attacks have been suggested 
as a possibility for autoimmunity in MS [21]. No 
matter what the actual pathway is, it is most 
likely that both of these types of lymphocytes 
are actively involved in pathogenesis and any 
decrease in their numbers is helpful to amelio-
rating symptoms.

The observed increase in average neutrophil 
count observed in this study is particularly 
strange. This seems counterintuitive to the go- 
al of fingolimod treatment. Neutrophils are ph- 
agocytic immune cells, responsible for the ini-
tial quick phase of inflammation [22]. In expe- 

rimental autoimmune encephalomyelitis (EAE) 
a decreased amount of circulating neutrophils 
was correlated with delayed and decreased 
severity of demyelination [23]. Neutrophils se- 
em repeatedly implicated in neuroinflammati- 
on in EAE [24]. If neutrophil populations are 
increased in fingolimod taking patients, or most 
significantly in women, it could be a source of 
inefficacy by the drug. Also, the differences 
observed in neutrophil and lymphocyte chang-
es in this study suggest a possible difference in 
disease mechanisms for RRMS.

Fingolimod has been shown to cause a de- 
crease in white blood cell counts, including 
populations of monocytes specifically [25]. 
However, studies have been mostly focused on 
measuring its affects in lymphocyte popula-
tions specifically. Fingolimod is a drug that in- 
tends to reduce the number of lymphocytes 
leaving the lymphoid tissues into the circula- 
tion by downregulation of S1P1 receptor expr- 
ession. Therefore, its reduction in lymphocytes 
was expected in this study. Its efficacy in per-
forming this task has been demonstrated in 
patient populations [26-28]. Initially and con-
tinually, its ability to reduce lymphocyte traffic 
has been reproduced in animal models as well 
[29, 30]. Most notably, changes in T cell sub-
sets have been confirmed, but its effect on B 
cell subsets is also thought to be effective in 
reducing RRMS progression [31]. Fingolimod 
may lower the proportion of memory B cells in 

Table 2. Amounts of WBC, Lymphocytes, and Neutrophils, before (WBC1, Lymph1 and Neut1) and 
after (WBC2, Lymph2 and Neut2) fingolimod treatments

Male (Mean ± SD) Female (Mean ± SD) Total (Mean ± SD)
WBC1 8,156.36 ± 3,205.99 7,161.64 ± 2,357.18 7,327.42 ± 2,517.30
WBC2 4,261.82 ± 1,198.64 3,986.73 ± 1,165.74 4,032.58 ± 1,166.48 
WBC1-WBC2 3,894.54 ± 2,868.75 3,174.90 ± 2,042.20 3,294.84 ± 2,191.79
95% Cl 1,967.28 - 5,821.80 2,622.82 - 3,726.99 2,756.03 - 3,833.65
P-value 0.00 0.00 0.00
Lymph1 28.60 ± 11.61 31.27 ± 10.23 30.79 ± 10.43
Lymph2 19.28 ± 10.10 15.52 ± 7.13 16.18 ± 7.78
Lymph1-Lymph2 9.31 ± 15.28 15.75 ± 10.28 14.60 ± 11.45
95% Cl -0.94 - 19.58 12.85 - 18.64 11.70 - 17.51
P-value 0.07 0.00 0.00
Neut1 63.85 ± 13.09 60.15 ± 11.15 60.80 ± 11.49
Neut2 69.55 ± 12.15 71.66 ± 11.54 71.29 ± 11.57
Neut1-Neut2 -5.70 ± 16.84 -11.50 ± 14.97 -10.49 ± 15.33
95% Cl -17.01 - 5.61 -15.67 - (-7.33) -14.35 - (-6.62)
P-value 0.28 0.00 0.00
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circulation and cause an influx of naïve memory 
B cells, further supporting the hypothesis that 
B cell immunity is also an essential factor in 
RRMS [32]. Patient cohorts treated with fingoli-
mod have shown differing decreases in lym-
phocyte counts based on weight as well as  
gender, with similar patterns observed in this 
study with regards to women experiencing a 
more severe decrease [33]. Also, there is so- 
me evidence that T cell populations overall are 
not affected after long periods on fingolimod, 
but that the proportion of CD4+ to other T cells 
is increased [34, 35]. In the case of this study, 
specific types of lymphocytes were not tested 
for and the period of study was only one month. 

The extent to which neutrophil populations are 
affected by fingolimod has not been research- 
ed extensively. Therefore, the increase observ- 
ed in this study needs to be recreated to verify 
its validity. There are no other studies to our 
knowledge that reported an increased popula-
tion of neutrophils in patients after fingolimod 
treatment. In mice, fingolimod does not seem 
to elicit any change in neutrophil populations or 
an even decreased average count [36, 37]. The 
same results have been produced in other ani-
mal models [38, 39]. This is an area that needs 
to be further investigated by physicians with 
access to large samples of MS patients. The 
role of neutrophils in autoimmunity and fingoli-
mod action should not be ignored. The results 
of this study suggest that neutrophil popula-
tions may be increased in patient populations, 
with special attention being placed on female 
patients as susceptible to this increase.

Conclusion

This study strengthens the evidence that fingo-
limod is effective in reducing white blood cell 
and lymphocyte counts in MS patients with 
RRMS. However, it suggests that neutrophil 
populations may be increased, most signifi-
cantly in female patients. Perhaps, this is due 
to the slight differences in RRMS pathology 
that occur between sexes. Further analysis of 
patient populations needs to be done to con-
clude if this increase is reproducible or if neu-
trophil populations are unchanged in patients 
taking oral fingolimod treatment. 

Disclosure of conflict of interest

None.

Address correspondence to: Mohammad Farid 
Masaeli, School of Medicine, Isfahan University of 
Medical Sciences, Isfahan, Iran. Tel: +98913404- 
6017; E-mail: faridmsl90@gmail.com

References

[1] Zadeh AR, Farrokhi M, Etemadifar M and Beni 
AA. Prevalence of benign tumors among pa-
tients with multiple sclerosis. American Journal 
of Experimental and Clinical Research 2015; 
2: 127-132.

[2] Payghani C, Khani F, Zadeh AR, Reisi P, Alaei H 
and Rashidi B. The effect of levothyroxine on 
serum levels of interleukin 10 and interferon-
gamma in rat model of multiple sclerosis. Adv 
Biomed Res 2017; 6: 118.

[3] Smolders J, Muris AH and Damoiseaux J. 
Immunomodulation by vitamin D in multiple 
sclerosis: more than IL-17. J Neuroimmunol 
2016; 292: 79-80.

[4] Lublin F, Miller DH, Freedman MS, Cree BA, 
Wolinsky JS, Weiner H, Lubetzki C, Hartung HP, 
Montalban X and Uitdehaag BM. Oral fingoli-
mod in primary progressive multiple sclerosis 
(INFORMS): a phase 3, randomised, double-
blind, placebo-controlled trial. Lancet 2016; 
387: 1075-1084.

[5] Chun J, Kihara Y, Jonnalagadda D and Blaho 
VA. Fingolimod: lessons learned and new op-
portunities for treating multiple sclerosis and 
other disorders. Annu Rev Pharmacol Toxicol 
2019; 59: 149-170.

[6] Farrokhi M, Beni AA, Etemadifar M, Rezaei A, 
Rivard L, Zadeh AR, Sedaghat N and Ghadimi 
M. Effect of fingolimod on platelet count 
among multiple sclerosis patients. Int J Prev 
Med 2015; 6: 125.

[7] Paolicelli D, Manni A, D’onghia M, Direnzo V, 
Iaffaldano P, Zoccolella S, Di Lecce V, Tortorella 
C, Specchia G and Trojano M. Lymphocyte sub-
sets as biomarkers of therapeutic response in 
fingolimod treated relapsing multiple sclerosis 
patients. J Neuroimmunol 2017; 303: 75-80.

[8] Chun J and Hartung HP. Mechanism of action 
of oral fingolimod (FTY720) in multiple sclero-
sis. Clin Neuropharmacol 2010; 33: 91-101.

[9] Kappos L, O’Connor P, Radue EW, Polman C, 
Hohlfeld R, Selmaj K, Ritter S, Schlosshauer R, 
von Rosenstiel P, Zhang-Auberson L and 
Francis G. Long-term effects of fingolimod in 
multiple sclerosis: the randomized FREEDOMS 
extension trial. Neurology 2015; 84: 1582-
1591.

[10] Sorensen PS. Effects of fingolimod in relaps-
ing-remitting multiple sclerosis. Lancet Neurol 
2014; 13: 526-527.

[11] Lecour S, Smith RM, Woodward B, Opie LH, 
Rochette L, Sack MN. Identification of a novel 



Fingolimod and white blood cells

14 Am J Clin Exp Immunol 2019;8(2):9-15

role for sphingolipid signaling in TNF α and 
ischemic preconditioning mediated cardiopro-
tection. J Mol Cell Cardiol 2002; 34: 509-18.

[12] Hagiya H, Yoshida H, Shimizu M, Motooka D, 
Nakamura S, Iida T, Yamamoto N, Akeda Y and 
Tomono K. Herpes zoster laryngitis in a patient 
treated with fingolimod. J Infect Chemother 
2016; 22: 830-832.

[13] Pelletier D, Hafler DA. Fingolimod for multiple 
sclerosis. N Engl J Med 2012; 366: 339-47.

[14] Calabresi PA, Radue EW, Goodin D, Jeffery D, 
Rammohan KW, Reder AT, Vollmer T, Agius MA, 
Kappos L, Stites T, Li B, Cappiello L, von Rosen-
stiel P and Lublin FD. Safety and efficacy of 
fingolimod in patients with relapsing-remitting 
multiple sclerosis (FREEDOMS II): a double-
blind, randomised, placebo-controlled, phase 
3 trial. Lancet Neurol 2014; 13: 545-556.

[15] Irizar H, Munoz-Culla M, Sepulveda L, Saenz-
Cuesta M, Prada A, Castillo-Trivino T, Zamora-
Lopez G, Lopez de Munain A, Olascoaga J and 
Otaegui D. Transcriptomic profile reveals gen-
der-specific molecular mechanisms driving 
multiple sclerosis progression. PLoS One 
2014; 9: e90482.

[16] Ortiz GG, Pacheco-Moises FP, Macias-Islas MA, 
Flores-Alvarado LJ, Mireles-Ramirez MA, Gon-
zalez-Renovato ED, Hernandez-Navarro VE, 
Sanchez-Lopez AL and Alatorre-Jimenez MA. 
Role of the blood-brain barrier in multiple scle-
rosis. Arch Med Res 2014; 45: 687-97.

[17] Fletcher JM, Lalor SJ, Sweeney CM, Tubridy N 
and Mills KH. T cells in multiple sclerosis and 
experimental autoimmune encephalomyelitis. 
Clin Exp Immunol 2010; 162: 1-11.

[18] Zhang J, Markovic-Plese S, Lacet B, Raus J, 
Weiner HL and Hafler DA. Increased frequency 
of interleukin 2-responsive T cells specific for 
myelin basic protein and proteolipid protein in 
peripheral blood and cerebrospinal fluid of pa-
tients with multiple sclerosis. J Exp Med 1994; 
179: 973-984.

[19] Markovic-Plese S, Pinilla C and Martin R. The 
initiation of the autoimmune response in mul-
tiple sclerosis. Clin Neurol Neurosurg 2004; 
106: 218-222.

[20] Hickey WF, Hsu BL and Kimura H. T-lymphocyte 
entry into the central nervous system. J 
Neurosci Res 1991; 28: 254-260.

[21] Franciotta D, Salvetti M, Lolli F, Serafini B and 
Aloisi F. B cells and multiple sclerosis. Lancet 
Neurol 2008; 7: 852-858.

[22] Sedimbi SK, Hagglof T and Karlsson MC. IL-18 
in inflammatory and autoimmune disease. Cell 
Mol Life Sci 2013; 70: 4795-4808.

[23] Aube B, Levesque SA, Pare A, Chamma E, 
Kebir H, Gorina R, Lecuyer MA, Alvarez JI, De 
Koninck Y, Engelhardt B, Prat A, Cote D and 
Lacroix S. Neutrophils mediate blood-spinal 
cord barrier disruption in demyelinating neuro-

inflammatory diseases. J Immunol 2014; 193: 
2438-2454.

[24] Wojkowska DW, Szpakowski P, Ksiazek-Wini-
arek D, Leszczynski M and Glabinski A. Interac-
tions between neutrophils, Th17 cells, and 
chemokines during the initiation of experimen-
tal model of multiple sclerosis. Mediators In-
flamm 2014; 2014: 590409.

[25] Lewis ND, Haxhinasto SA, Anderson SM, Ste-
fanopoulos DE, Fogal SE, Adusumalli P, Desai 
SN, Patnaude LA, Lukas SM, Ryan KR, Slavin 
AJ, Brown ML and Modis LK. Circulating mono-
cytes are reduced by sphingosine-1-phosphate 
receptor modulators independently of S1P3. J 
Immunol 2013; 190: 3533-3540.

[26] Chiarini M, Sottini A, Bertoli D, Serana F, Caimi 
L, Rasia S, Capra R and Imberti L. Newly pro-
duced T and B lymphocytes and T-cell receptor 
repertoire diversity are reduced in peripheral 
blood of fingolimod-treated multiple sclerosis 
patients. Mult Scler 2015; 21: 726-34.

[27] Cruz VT and Fonseca J. Central effects of fingo-
limod. Rev Neurol 2014; 59: 121-128.

[28] Schmouder R, Hariry S and David OJ. Placebo-
controlled study of the effects of fingolimod on 
cardiac rate and rhythm and pulmonary func-
tion in healthy volunteers. Eur J Clin Pharmacol 
2012; 68: 355-362.

[29] Chiba K and Adachi K. Sphingosine 1-phos-
phate receptor 1 as a useful target for treat-
ment of multiple sclerosis. Pharmaceuticals 
(Basel) 2012; 5: 514-528.

[30] Li Q and Li F. Effects of different dose of 
FTY720 on lymphocyte cell cycle arrest in car-
diac transplantation model of rats. Immuno-
pharmacol Immunotoxicol 2010; 32: 680-687.

[31] Garcia-Merino JA and Sanchez AJ. [Basic 
mechanisms of action of fingolimod in relation 
to multiple sclerosis]. Rev Neurol 2012; 55: 
31-37.

[32] Miyazaki Y, Niino M, Fukazawa T, Takahashi E, 
Nonaka T, Amino I, Tashiro J, Minami N, Fujiki 
N, Doi S and Kikuchi S. Suppressed pro-inflam-
matory properties of circulating B cells in pa-
tients with multiple sclerosis treated with fin-
golimod, based on altered proportions of B-cell 
subpopulations. Clin Immunol 2014; 151: 
127-135.

[33] Warnke C, Dehmel T, Ramanujam R, Holmen 
C, Nordin N, Wolfram K, Leussink VI, Hartung 
HP, Olsson T and Kieseier BC. Initial lympho-
cyte count and low BMI may affect fingolimod-
induced lymphopenia. Neurology 2014; 83: 
2153-2157.

[34] Henault D, Galleguillos L, Moore C, Johnson T, 
Bar-Or A and Antel J. Basis for fluctuations in 
lymphocyte counts in fingolimod-treated pa-
tients with multiple sclerosis. Neurology 2013; 
81: 1768-1772.



Fingolimod and white blood cells

15 Am J Clin Exp Immunol 2019;8(2):9-15

[35] Bohler T, Waiser J, Schuetz M, Neumayer HH 
and Budde K. FTY720 exerts differential ef-
fects on CD4+ and CD8+ T-lymphocyte sub-
populations expressing chemokine and adhe-
sion receptors. Nephrol Dial Transplant 2004; 
19: 702-713.

[36] Norimatsu Y, Ohmori T, Kimura A, Madoiwa S, 
Mimuro J, Seichi A, Yatomi Y, Hoshino Y and 
Sakata Y. FTY720 improves functional recov-
ery after spinal cord injury by primarily nonim-
munomodulatory mechanisms. Am J Pathol 
2012; 180: 1625-1635.

[37] Salinas NR, Oshima CT, Cury PM, Cordeiro JA 
and Bueno V. FTY720 and lung tumor develop-
ment. Int Immunopharmacol 2009; 9: 689-
693.

[38] Chen YJ, Kyles AE and Gregory CR. In vitro eval-
uation of the effect of a novel immunosuppres-
sive agent, FTY720, on the function of feline 
neutrophils. Am J Vet Res 2006; 67: 588-592.

[39] Dragun D, Bohler T, Nieminen-Kelha M, Waiser 
J, Schneider W, Haller H, Luft FC, Budde K and 
Neumayer HH. FTY720-induced lymphocyte 
homing modulates post-transplant preserva-
tion/reperfusion injury. Kidney Int 2004; 65: 
1076-1083.




