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mRNA expression profile of serotonin receptor subtypes and

distribution of serotonergic terminations in marmoset brain
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WX AEDEE
Summary of thesis contents

Serotonin is a monoamine neurotransmitter. The majority of serotonin is produced in
the intestine and only a minor population (about 10%) in the brain, but there have
been a number of reports that demonstrate critical modulatory roles of serotonin in
the brain. Although the entire gene map atlas in the mouse brain has been
constructed (http://mouse.brain-map.org), such map for the primate has not been
available yet.

To better understand serotonin function in the primate brain, I examined the mRNA
expression patterns of all 13 members of the serotonin receptor (FHTR) family, by in
situ hybridization and the distribution of serotonergic terminations by serotonin
transporter (SERT) protein immunohistochemical analysis in adult common
marmoset (Callithrix jacchus) and compared the data with that of adult B6 mice and
available gene map atlas for human cortex from Allen Institute. For the cortex the
expression levels were semi-quantitatively analyzed using image-J image analysis
software. Ten of the 13 5HTRs showed significant mRNA expressions in the marmoset
brain. My study shows several new features of the organization of serotonergic
systems in the marmoset brain. (1) The thalamus expressed only a limited number of
receptor subtypes compared with the cortex, hippocampus, and other subcortical
regions. (2) In the cortex, there were layer-selective and area-selective mRNA
expressions of 5HTRs. (3) Visual cortex (V1) showed a conspicuous area specific
expression of 5HTI1A in layer IVCB and 5HT1F in layer IV, although, the expression
of 5HT1A was not reported in previous studies of macaque V1. (4) Highly localized
mRNA expressions of 5HT1F in presubiculum and lateral mammillary nucleus (LM)
of hypothalamus and that of 5HT3A in CA field of hippocampus were observed. (5)
There was a conspicuous overlap of the mRNA expressions of receptor subtypes
known to have somatodendritic localization of receptor proteins with dense
serotonergic terminations in the V1, the central lateral nucleus of the thalamus (CL),
the presubiculum (PS), and the medial mammillary nucleus of the hypothalamus
(MM). This suggests a high correlation between serotonin availability and receptor
expression at these locations. (6) 5HTRs showed similarities of mRNA expression
patterns in the V1 of marmoset and human. (7) There was a conspicuous difference in
mRNA expression pattern between the marmoset and mouse cortices whereas the
patterns of both species were much similar in the hippocampus.

The present study highlights several functional implications of serotonin system in
the marmoset brain. (1) 5HT1A might be recruited for direct whereas 5HT4 might be
recruited for indirect (feed forward) inhibition of layer II pyramidal neurons

depending upon the known synaptic and extra synaptic transmission from Median
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raphe (MRN) and dorsal raphe nucleus (DRN), respectively. (2) Based on the diversity
of receptor expression in thalamus and cortex it seems that the serotonergic system
has less pronounced effect in thalamic function of gating the information whereas
more pronounced function in cortical function of integrating the information. (3)
Dense serotonergic projection and expression of 5HTR subtypes with excitatory
cellular effects in medial hypothalamus suggests that serotonin mainly has
facilitatory function in these regions. (4) The expression of most 5HTR subtypes in
the pyramidal layer of hippocampus suggests the recruitment of serotonin receptors
for the modulation of glutamatergic transmission in the hippocampus. (5) The
prominent innervation of serotonin in layer 1 and Stratum lacunosum moleculare
(SIm) of hippocampus, where the apical tuft of pyramidal cells are located had no
expression of any 5HTR subtype, suggesting that serotonin projection helps in a
dendritic integration of pyramidal neurons to control gain in these regions.

In conclusion, the mRNA expression pattern of 5HTRs in the marmoset as compared
with those in the mouse shows some significant differences in the cortex, which
suggests certain primate specific roles of 5HTRs and the usefulness of the marmoset
as a primate model in further studies of serotonergic modulations in higher brain

functions that are specific to primates.
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Summary of the results of the doctoral thesis screening

HE# (SHUKLA, Rammohan) (%, fFEEEHOET L8 E L THLOEE > T
LHMR Y LD ax® s ~—F¥ v b(Callithrix jucchus) % i\ T, MR EEME e =
VEZRKRGHTR)ZETOY 7 % A F13BIRF+ DM TORIL X FX — 2 %in situ
hybridization(Z & U fig#7 L, kLI L s e =K RKOMNGAMR & O %2 1T
> 7,

e = UZREIBEEBEFO~Y—F Y FMRIMEICR T 2 REELFHT-L A, 108
FWBEHEL T, 22T, v—F &y FRIMBIZBWT, 2 b 108 FOFEM R R E
NRE—=VER LN LT, 2RO OMETNE, LT OREBER Y - 2R L1z, (1)
EANDOPHMETHLHERTOER FZBFED I HEICEIRAL TWDH B0, 5HT1A,
5HT1B, 5HT6, 5HT7 (Hi& 2 DT MAEHN THHIMEC, #&E 2 21k, Mfapy T MEIZE
) OAHTHY, Woh-HEOEr b=V ZREKICE- T —MilfIZ L TWNWDZ &
o do, iy, KRIMEE., 5. MoORE FTHEHITIE, KVZHEOE R F = ZHFK
MAIH L TWD, (QRMEETIT, BRFEY, EEBEENZ2Er b= 2R EORE 26
BL, B, ~RERE T, 4CBBICHBITH5HTIAR 6 B2 55HTIFO Ff &)
BB EZ MLz, QRMEEUATCOIFIZREEDOE WA & LT, ML E &MU
SERZIC BT 5 BHTIF, ¥ CAREIRIC AT 5 5 HT3AZ R L=, (4) MUARRMIR 22 551
BUsmntr h=vZREVITIFrtn h=r BRKOF—N—F v T E2RKHIC-KRHERE
B GRS LR, RIS A, AMIFLEEZ TBIZ Lz, (B) v b= 2R K0 — Rk
HEICRT 2RI, ERETHIE PE~Y—FEy FTELEUTWS, Ot b=
REO~T 2L~ —Fky MTPT 2 KRIMEZEIZRT 2RBKERNITER L2, BEITEN
TiX. BHT1BZRW T, FEHICELI LTV D

HEEE L, D OMITHERN S, uT@% 2EAT o 1o, (DIHIR 722 > 7 F IV ARE & I
£ 2 5HTIATBLE MEmh M A IC 8 BL L, EEERIC E DIEBE 2 Il L. E 722> 7
L EATAET D 5HTAIX ., #Nfil A AR AR B (S8 B L . FA] B2 A 12 2k 8 14950 B o0 V5 B & il 3 %
N, AIFEIIANUBEEREE»POE e b= VT P AEEICL Y, BEIT, TARERE» D&
4 ota b AR OIBMELRZECLY fHSh TS AREEEZRET S, (2)
RKWEEERIRTHEbA TSt h= U ZREOENELRDL Z LN L HEIKRD T — Ml
ITIE, RoNTZHEBEOSZAEERNIES L, KMEEICBITHHEHRAEAICIE, FVEZ 0
Fote b=V ZREPEELTVWD EE2xLNL, QWMBIIRTHOER F = FHD
BRI TIX, REMMRNS 7T A ENET o8 P2 UZBERBEEL TWD Z &n
b, e =X 20K TIE, EITREN T 7T A EBEEIZFGSLTVDL EEILND,
(O HEERMEE CRZHEOEr F=VZRERBHEL TN &N, 26O EK
MIT VA I VBOGEEZFH L CODLAREENEZ NS, B)RMEE 18 & #E R
o JE SRR R IR R e o~ o = B EZoBICEBT AR = U ZAK
mRNABRH EN RN EnD, ZAb0RBICER T LH#EME~0Er b= O FHiE
WMOFEEZ RET D,
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b, HEEZ, ~—F2y MRCBWTRBATI2EToORMOtr F=r2/ ket
BRSO S, FToEBEEEBLEERERICBT e b= ZFEROH L
WERODPORMABBERZH O NI L, B b=0%, FRx RBEMEE L OBREN R
INTEY, Er b= RRZOZFEROBRETRICZHBREIN TN DD, KIFEIT,
BREMICENT, ZORZREOFHEMBRIEENZ — 0 2O TOBIICFEMIZR LA
T, BEREEPODLLEEZDLOND,



