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Introduction

According to modern concepts of lymphoma pathogenesis
tumor cells could evade the immune surveillance and cause
T-cell anergy. This is the basis for using immunomodulato-
ry drugs in therapy, such as lenalidomide. It enhances the
immune synapse formation by increasing the expression of
costimulatory molecules on tumor B-cells, cytotoxic activity
of T-cells and differentiation of T-helpers. Our aim was to
study the changes in PD-1, PD-L1, FAS, CD80, CD86 pro-
portion in tumor cells and subpopulations of T-cells during
therapy with lenalidomide in a patient with follicular lym-
phoma.

Clinical case and methods

The study was performed in one patient (m, 32 y.0.) with
follicular lymphoma (t(14;18), cytological type 2, stage IVB,
high risk FLIPI-2), who underwent an upfront therapeutic
protocol: iv rituximab 375 mg/m? once, lenalidomide with
an initial dose 5 mg/day with gradual escalation up to 20
mg/day for 27 days. Lenalidomide was intererrupted due to
the remaining large tumor mass, and R-CHOP was started.
Blood samples were tested prior to and after rituximab, on
day 1, day 2, day 5, day 7 and day 21 of lenalidomide and in
day 3 after its interruption.

PD-1-, PD-L1-, FAS-, CD80-, CD86-positive cells were eval-
uated from all the tumor cells. PD-1- and PD-L1-positive
cells were determined from CD4+ and CD8+ T cells and
a subset of naive (NV, CD28+CD95-), effector (EF, CD28-
CD95+), memory cells (ME, CD28+CD95+) by flow cytom-
etry (BD FACS Cantoll). Twenty-nine donor blood samples
were studied as a control.

Results

Before treatment, there were 35.6% CD4+PD-1+ cells (in
donors, 2.0%-20.7%); CD8+PD-1+ 23.6% (in donors, 1.8%-
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23.5%). The following results were seen after rituximab:
CD4+PD-1+ decreased by 3.5 times (10.8%); CD8+PD-1+,
by 2.5 times (9.4%). During lenalidomide therapy:
CD4+PD-1+ gradually increased to 25.0%; CD8+PD-1+
shifted up to 18.8%. After lenalidomide interruption, the
CD4+PD-1+ population increased to 44.9%.

On day 2 of lenalidomide therapy, the CD4+PD-L1+ in-
creased by 6.8 times (from 0.5% to 3.4%), CD8+PD-L1+ in-
creased 4 times (from 0.3 to 1.2%). On day 21: CD4+PD-L1+,
and CD8+PD-L1+ showed a 4.4% and 2.5% increase, respec-
tively. After lenalidomide interruption, CD4+PD-L1+ and
CD8+PD-L1+ decreased to 1.1% and 0.5%, respectively.

CD4+ memory effectors (MEs) increased from 42.9% to
70.6%, and CD4+ naive (NVs) decreased from 56.4% to
27.9% during lenalidomide therapy. After its interruption,
there was a growth of NV cells to 32.8% and decrease of
ME to 66.2%. On day 5: CD8+EFs increased from 19.3% to
59.9%. CD8+EFs decreased and reached baseline on the 3rd
day after lenalidomide interruption.

Stimulatory and inhibitory
molecules on tumor cells
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Co-expression rates of stimulatory and inhibitory mol-
ecules on tumor cells were low: CD80+, 1,9% (in donor B
cells, 0.0%-33.6%); CD86+, 3,9% (in donors, 0.0%-32.0%);
FAS+, 23% (in donors 5.4%-38.0%); PD-1 0.7% (in donors
0.0%-3.8%); PD-L1+, 19.1% (in donors, 5.6%-69.4%) be-
fore lenalidomide. During lenalidomide therapy, amount
of tumor cells expressing CD86, FAS, PD-L1 increased up
to 50.8%, 33.9%, 57.6%, and decreased after therapy inter-
ruption to 23.3% 12.5%, 26.1%, respectively. Tumor B- cells
CD19+CD80+, CD19+PD-1+ did not change during all the
period of therapy (Figure 1).

Conclusion

PD-L1 on tumor cells lead to their anergy by binding with
PD-1 on T cells. During lenalidomide therapy, the propor-

tion of PD-L1+ T-cells increased, and PD-1+ T cells were re-
duced, CD4+MEs and CD8+EFs were increased. This results
suggests activation of cytotoxic response and abrogation of
T-cell anergy. On the other hand, expression of co-stimula-
tory molecules increased on the tumor cells, but PD-L1+ on
tumor cells did also show an increase. In this case, lenalid-
omide provided an immunomodulatory effect, but the pa-
tient’s tumor cells continued to persist, thus suggesting their
ability to evade apoptosis by additional pathways.
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depepanbHOE roCylapCTBEHHOE OI0/PKeTHOE yupexxaeHye « HalmoHambHbli MeVIIMHCKIIL MCCTIE0BATETbCKIUIT LIEHTp reMaro-
norun» MuHucrepcTBa sgpaBooxpanennsa Poccuiickoit ®enepauum, Poccus, Mocksa

BeepeHune

Cor1acHO COBpeMEHHO KOHIIENIMY TTaToreHesa mMMQoIpo-
nuepaTUBHBIX 3a00/IEBaHMIL, OIyXOJIeBble KIETKM 00mafa-
10T CIIOCOOHOCTBIO YK/IOHSTBCSL OT MMMYHHOTO HAA30pa U
BBI3BIBaTh T-K/IETOYHYIO aHepruio. JlaHHbI (aKT SIB/IAETCS
OITpaBAAaHHbIM [/IsI NPVMEHEHNA IIPU III/IM(l)OMaX I/IMMyHO-
MOJYIMPYIOLVX CPEACTB, TAKUX KaK JIEHAIMAOMIUA, DTO CIIO-
cobcTByeT Goree BEpOSTHOMY (POPMIPOBAHMIO IMMYHHOTO
CUHAIICA 32 CYeT YBEITICHYIA SKCIIPECCHI KO-CTUMY/IATOPHBIX
MOHQKYH Ha OHYXOIIeBI)IX B-knetkax n YCI/UICHI/IH OUTOTOKCH-
weckoit akTuBHOCTH T-K/eTok. Lenp Haiert paboTsl cocTostma
B V3y4eHUN VI3MEHEHMUIT SKCIIPeCCUM Ha OITYXOJIeBbIX K/IeTKaX
PD-1, PD-L1, FAS, CD80, CD86, a Tax>Ke M3MeHeHusI B Cy6110-
nyanyax T-mm§onyutos Bo BpeMA Tepanmy JIeHaIMITOMMI-
TOM B IIepBOJT TMHMY TIpU (GOIUIUKY/LAPHON MpoMe.

KnuHnyeckoe onncanme n metopbl

IManuent (M, 32 ropa) ¢ QOUIMKY/ISIPHOI MpOMOIT (2-11 1u-
tonoryyeckuit v, IVB crapus, Beicokmit puck mo FLIPI-2).
ITpoBopwnach Tepamust: B/B puTyKcuMab 375 Mr/M>%, JleHaIu-
JOMUJI C HaYa/IbHOM [I030J1 5 MI/OeHb C IIOCTEIEHHOI 3CKa-
naruent go 20 Mr/meHb B TedeHye 27 pHeit. Tepamus neHamu-
moMumoM ObUTa OTMEHEHA ¥3-32 COXPAHSIONIENCs GO/IBIION
OITyX071eBOIT Macchl, u Hadat Kypc R-CHOP. O6pastibl KpoBu
MICC/IEfOBAIIL IO U HIOC/IE BBEAEHMsI pUTyKCuMaba, Ha 1-11, 2-11,
5-11, 7-11 1 21-11 feHb Tepanuy TeHaIMIOMULOM 1 Ha 3-11 IeHb
T0C/Ie OTMEHBI.

C nmomopio nporouHoit nuromerpun (umromerp BD FACS
Canto II) onpepensimm pomo PD-1-, PD-L1-, FAS-, CD80-,
CD86-1103UTUBHBIX K/IETOK IT0 OTHOLIEHNIO KO BCEM OIyXO7Ie-
BbIM KIeTKaM. PD-1- u PD-L1-nosutuBHbIE KJI€TKN Oompefe-
s cpepyt CD4 + u CD8 + T-K/meTok 1 onpeesui cy6mo-
nymayy HauBHbIX (NV, CD28 + CD95-), addexropusix (EE
CD28-CD95 +) u knerok mamsatu (ME, CD28 + CD95 +).
B xauecTBe KOHTPOJLA UCC/IE[OBAIN KPOBb 29 TOHOPOB.

Pe3ynbrarsl

Jo neuennsa pomss CD4+PD-1+ T-knetok cocraBuna 35,6% (y
moHOpoB 2,0-20,7%), CD8+PD-1+ T-xetok - 23,6% (y goHO-
poB 1,8-23,5%). Iloce BBeleHUs pUTYKCHMaba OTMEYasoch
cawpkenne gomt CD4+PD-1+ xeTok B 3,5 pasa, 1o 10,8% u
CD8+PD-1+ knetok B 2,5 pasa, 5o 9,4%. Ha ¢doHe Tepanum
neHanupomugoM ponst CD4+PD-1+ Hapactama go 25%, a
CD8+PD-1+ pmo 18,8% HO He mocTmrana MCXOMHBIX 3Hade-
Huit. Tloc/te OTMeHBI JIEHAMMIOMMA OTMEYaoCh 3HAYMMOE
Hapactanye gomi PD-1 ma CD4+ T - xretkax jjo 44,9%. Ha
BTOPOI1 ieHb Tepanuy jneHanmupomugoM goinst CD4 + PD-L1 +
yBermumIach B 6,8 pasa (ot 0,5% no 3,4%), CD8 + PD-L1 + B4
pasa (o1 0,3 5o 1,2%). Ha 21-11 ieHb COOTBETCTBEHHO YBeINYM-
much CD4 + PD-L1 + n CD8 + PD-L1 + 10 4,4% u 2,5%. I[Tocne
oT™MeHbI teHammomuaa pom CD4 + PD-L1 + u CD8 + PD-L1
+ ymenbmamich o 1,1% u 0,5%, COOTBETCTBEHHO.

Homa CD4 + ME xnetok yBenuumnachk ¢ 42,9% no 70,6%, a
komyectBo CD4 + NV ketok cHU3MIOCh ¢ 56,4% mo 27,9%
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BO BpeMs Tepanuy jeHamupomugoM. [locie ero oTMeHbI Ha-
OMIOAICsT POCT KOMMYECTBAa HAMBHBIX KIETOK 10 32,8% u
cuwkernne ME no 66,2%. Ha 5-it menp gonsa CD8 + EF kie-
TOK yBermmumnach ¢ 19,3% mo 59,9%. CD8 + EF 7MOLIUTHL
HoCTUI/IV 6a30BOrO YPOBHsI B TedeHMe 3X [{Hel IOC/Ie OTMEHBI
JIEHATMTOMUTIA.

OKcmpeccusi KO-CTUMYITUPYIOIUX VM MHIVOMPYIOINX aHTH-
TeHOB Ha OIyXOJIEBBIX KiTeTKax 6bima Huskoi: CD80 + 1,9%
(B B-xerkax moHopa 0,0%-33,6%), CD86 + 3,9% (y noHOpOB
0,0% -32,0%), FAS + 23% (Y monopos 5,4% -38,0%), PD-1
0,7% (y monopos 0,0% -3,8%), PD-L1 + 19,1% (y moHOpOB
5,6% -69,4%) no neHanumomupa. Bo Bpems Tepanmu ieHanm-
TOMIIOM KOMMYECTBO OMYXOJIEBBIX KIETOK, SKCIPECCHPYIO-
mux CD86, FAS, PD-L1, ysemrannocs go 50,8%, 33,9%, 57,6%
VI YMEHBIIU/IOCh ITOC/IE €0 OTMEHHI 1o 23,3% 12,5%, 26,1%,
cooTBeTcTBeHHO. JKcnpeccua CD80 u PD-1 Ha omyxoneBbIx
B—KHeTKaX He N3MEHA/IACb B T€YE€HNE BCETO Hepmona TepaHI/H/I
(Puc. 1).
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3aKoyeHue

PD-L1 Ha omyxXoneBbIX K/IeTKaX IPUBOAUT K aHeprum T-kie-
TOK. Bo BpeMs1 Tepammu JieHamIoMI0M YBeTN4MBaach O/
PD-L1 + n camsumacy PD-1 +T-knetok, kommyectso CD4 +
ME u CD8 + EF muMdoImToB yBennausanoch. To yKasblBa-
€T Ha aKTMBAaLMIO IIMTOTOKCMYECKOIO OTBETa I MCYe3HOBEHME
a"epryu T-kneTok. C IpyToit CTOPOHBI, 3KCIIPECCHsI KO-CTUMY-
JIMPYIOLIMX MOJIEKY/T Ha OITYXOJIEBBIX K/I€TKAX YBE/MN4MBA/IACh,
opHako sKcmpeccuss PD-L1 Taxoxe yBemmumpanmack. Takum
06pasoM, neHaIMEOMIUT, 06eCIedT MIMMYHOMORY/IPYIOLLIAT
3¢ deKT, HO Ha/TIMe OCTATOYHBIX OITYXO/IEBBIX KJIETOK B KPO-
BU ITAIIMeHTA YKa3bIBaeT Ha CIOCOOHOCTD OITyXO/IEBBIX KJIETOK
130€eraTh aroITo3 NHBIMU CIIOCOOaMIL.
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