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Aging affects early stage direction selectivity of MT
cells in rhesus monkeys

LIANG Zhen', CHEN Yue-Ming"", MENG Xue', WANG Yi', ZHOU Bao-Zhuo?,
XIE Ying-Ying', HE Wen-Sheng'

(1. Department of Bio-Medical Engineering, Anhui Medical University, Hefei Anhui 230032, China; 2. Vision Research Laboratory,
School of Life Science, University of Science and Technology of China, Hefei Anhui 230027, China)

Abstract: The middle temporal area (MT/V5) plays an important role in motion processing. Neurons in this area
have a strongly selective response to the moving direction of objects and as such, the selectivity of MT neurons was
proposed to be a neural mechanism for the perception of motion. Our previous studies have found degradation in
direction selectivity of MT neurons in old monkeys, but this direction selectivity was calculated during the whole
response time and the results were not able to uncover the mechanism of motion perception over a time course.
Furthermore, experiments have found that direction selectivity was enhanced by attention at a later stage. Therefore, the
response should be excluded in experiments with anesthesia. To further characterize the neural mechanism over a time
course, we investigated the age-related changes of direction selectivity in the early stage by comparing the proportions of
direction selective MT cells in old and young macaque monkeys using in vivo single-cell recording techniques. Our
results show that the proportion of early-stage-direction-selective cells is lower in old monkeys than in young monkeys,
and that the early stage direction bias (esDB) of old MT cells decreased relative to young MT cells. Furthermore, the
proportion of MT cells having strong early stage direction selectivity in old monkeys was decreased. Accordingly, the
functional degradation in the early stage of MT cells may mediate perceptual declines of old primates in visual motion
tasks.
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Kavanagh, 2006; Tran et al, 1998; Trick & Silverman,
1991; Willis & Anderson, 2000; Wist et al, 2000), {H
XA 3 TR AN B 56 4 1 HR AW R I JI5E ) 22 1 oK A
FE(Ball & Sekuler, 1986). Kk, Spear £ HE UL IA A
3 ot 3 3R R YT R B R A PR B L AR 4k (Spear,
1993; Spear et al, 1994).
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BORRARS J7 [0 058 (3L E ML X T MT XA
FERW], BB MT XA 77 ) 226 FE A0 T
WU ) I 52 IE (Liang et al, 2010; Yang et al,
2009). ARFTIE SR, T IR A0 i e s B Ak B R
Hl AR L AER, AN top-down [ EE I
()2 5 ) 6 JEH CRAL i 98 300 ms 2 i )% 7 )iz
7R I FH (Bergen & Julesz, 1983; Cavanagh et al,
1990; Martinez-Trujillo & Treue, 2004; Roelfsema et
al, 2007; Treisman & Gelade, 1980). £E JFRIEF PRI [ H.
Yfic i R, top-down [V 7 U I R T RRIRRAE
MK RERSS o« T3k PR KI5 J7 [n) S RE
JIT BRI, A7 0o BEAE IS R BERE 1 FL I 5T
TEIEH 2SR R MT X 40 i 5 ) e B AR AL

Z S L MT D40 M g 30 5 T e
PE, WESC T 2B MT X 40D eef s, L
D457 MT X EL T ) G PP 2 AR P
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BRI o P SR AH AR A 2] T v R A
RR 2R b2 22 B sl A B A 25 45 (VR T,
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RS o Bk B35 M W RIS )5, A2 JC A 4
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59t FH A 200 Jm S ORI 245 ) (2% R IR A 22 = R HCET )
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VBL(5%) 15 3 D 30 o e A7 A 0 HE R AT KR L R
NLO(75%)F1 Ox(25%)FH 57 956(0.25% ~ 1%) IR A
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HAE ) COp YEFFAE~4%. i H] A AR S5 AR Ui
BE, WAPIRRAERIE~38 C o AL S AR
R AN 0 R I H DT 8 PR IR 2
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HUE S T SRR (A 78 4 M NaCDHREAT DK,
FABHBTIEPELE 2~5 MQ. H BRI DX 40 B 1) 2500 5
TG T 2~40°, YIGAL R T2 40 i FA) o0 8
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Fig. 1 Tuning curves and corresponding polar plots obtained from young and old monkeys
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A, B) young monkeys; C, D) old monkeys. The stimuli were drifting sinusoidal gratings, randomly varied in 24 directions which ranged from 0° to 360°

in 15° steps. Each stimulus was presented in 10 cycles. Each point in the polar graph represents the response to the stimulus moving in the indicated

direction.
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F1 REFMMAETRCREFEMBESTZF MT X
FfT & B4 EE A5
Tab.1 Descriptive statistics of the proportions of MT
cells between young and old groups

SR FETE PRt BT
Strong directional bias ~ Very strong directional bias
(esDB>0.2) (esDB>0.4)
Young 72/84 (85.7%) 43/84 (51.2%)
Old 39/98 (39.8%) 10/98 (10.2%)
chi-square test
P<0.001 P<0.001

P value

A8 P AUIER AR Ty A S skl BE AN WO R SR P AN TS . & 4F MT
DT o5 PRy B, 930k 35 A A0 R A 5 32 86 00 L DT o5 ey B 89 2 25 U
/b (chi-square test, P<<0.01).

The age-related changes in proportions of non-direction-biased cells
(esDB<0.1), strong-direction-biased cells (esDB>0.4) and very-strong-
direction-biased cells (esDB>0.4) were examined by using contingency
tables. The proportions of strong-direction-biased and very-strong-direction-
biased MT cells were decreased in old monkeys compared to those in young

monkey groups.

W#(85.7%; 72/84; chi-square test, P<<0.001) . 3 [#AIX,
I B B 8 1 400 P 52 22 A P 5 il g A 7 L, TS A
BRAE ) 51.2%(43/84) T B 2 &2 AFEBE R 10.2%
(10/98; %2 test, P<<0.001).

LI, TATIL 4T T esDB 15341 (8 2),
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Fig. 2 Cumulative distribution of esDB in young and

old monkey MT cells
TPFRRE MT X AUHIE 84 A, ZAHME MT XAILIL 98 45 Sk AR
LR MR A RE RN MT X AN R 2 57 k8 1 391
FEIRLE .
The percentage of young (n=84) and old (n=98) monkey MT cells with any
given esDB is shown in cumulative distribution plots. Solid and dashed
lines represent the data for young and old monkeys, respectively. The arrow
on the line indicates the mean value. Old monkey cells showed decreased

esDB values in comparison with young monkey cells.

X0 (meantSD: 0.39+0.13; n=84) i} 3 FAAK(¢-test,
P<0.001).

3 i i

ARSEIGHFST T 2T MT X505 1 3k £ 1k
M, 45 R ST ERA L, &R 8
MT D40 i 539177 1) e FE ik B2 B AIG. $eonTh Rt
FEIRRAEAE MT X, HIXFh Dy ReE 2R o) ge 5
TR EAGS R TP LIS Bl AN uE B 3R
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Julesz, 1983; Cavanagh et al, 1990; Martinez-Trujillo
& Treue, 2004; Roelfsema et al, 2007; Treisman &
Gelade, 1980). Liang et al (2010)K I -ZEH M MT
DX A0 7 To 126 R S 25 BRI, (RS SRR 2 AN I
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(Morrison & Hof, 1997, 2007; Peters et al, 1996, 1998;
Wong, 2002; Yu et al, 2006), %77l J&7E Superior
Temporal Sulcus (STS) X [ 5250 IR A & ILAFEWEAH O
#1940 g % 2K (Duan et al, 2003; Morrison & Hof,
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/b, TR Al AR T DR I B N A . PR, X
FRSRMUAT S5 )55 A BE P MT X 41 D) REf:
TR A o

Pl A, 27 s O 1) 25 T e 3 B0 R AL )2
AR . AT S5 R W Z AR MT X 40 g 5AT
et ACRTBOMIS R BT ARAR M bE LA AT 1) 26455



502 3 W

[ 33 %

PE, 2B R P el Bl i T Re R AR T R .
Schmolesky et al (2000) A A HHI[A] 2% ) 538 n] LA
PR AAT T L D 3k 3 50 3 5 DA R G A 4 16 A
KA . H, A S R BLAE W] R R it
GABA S50 T LA 5z J= 4 M iy i B2 v 3,
I8 = W) B 2 41 1¥) 3 B (Leventhal et al,
2003). LR BRI L 2: TAE RN 2
5 2h E B A% (Betts et al, 2005; Butler & Zacks,
2006). 74k, GABA e HIFHZTGAE MT X)) 32
43 4ii (Thiele et al, 2004)tH O UE] . £ LTk, MT

Bk

Albright TD. 1984. Direction and orientation selectivity of neurons in visual
area MT of the macaque [J]. J Neurophysiol, 52(6): 1106-1130.

Ball K, Sekuler R. 1986. Improving visual perception in older observers [J].
J Gerontol, 41(2): 176-182.

Bergen JR, Julesz B. 1983. Parallel versus serial processing in rapid pattern
discrimination [J]. Nature, 303(5919): 696-698.

Betts LR, Taylor CP, Sekuler AB, Bennett PJ. 2005. Aging reduces
center-surround antagonism in visual motion processing [J]. Neuron,
45(3): 361-366.

Britten KH, Shadlen MN, Newsome WT, Movshon JA. 1992. The analysis
of visual motion: a comparison of neuronal and psychophysical
performance [J]. J Neurosci, 12(12): 4745-4765.

Butler KM, Zacks RT. 2006. Age deficits in the control of prepotent responses:
evidence for an inhibitory decline [J]. Psychol Aging, 21(3): 638-643.

Cavanagh P, Arguin M, Treisman A. 1990. Effect of surface medium on
visual search for orientation and size features [J]. J Exp Psychol Hum
Percept Perform, 16(3): 479-491.

Duan H, Wearne SL, Rocher AB, Macedo A, Morrison JH, Hof PR. 2003.
Age-related dendritic and spine changes in corticocortically projecting
neurons in macaque monkeys [J]. Cereb Cortex, 13(9): 950-961.

Habak C, Faubert J. 2000. Larger effect of aging on the perception of
higher-order stimuli [J]. Vision Res, 40(8): 943-950.

Leventhal AG, Thompson KG, Liu D, Zhou Y, Ault SJ. 1995. Concomitant
sensitivity to orientation, direction, and color of cells in layers 2, 3, and
4 of monkey striate cortex [J]. J Neurosci, 15(3 Pt 1): 1808-1818.

Leventhal AG, Wang YC, Pu ML, Zhou YF, Ma YY. 2003. GABA and its
agonists improved visual cortical function in senescent monkeys [J].
Science, 300(5620): 812-815.

Liang Z, Yang Y, Li GX, Zhang J, Wang YC, Zhou YF, Leventhal AG. 2010.
Aging affects the direction selectivity of MT cells in rhesus monkeys
[J]. Neurobiol Aging, 31(5): 863-873.

Martinez-Trujillo JC, Treue S. 2004. Feature-based attention increases the
selectivity of population responses in primate visual cortex [J]. Curr
Biol, 14(9): 744-751.

Morrison JH, Hof PR. 1997. Life and death of neurons in the aging brain [J].

Science, 278(5337): 412-419.

Morrison JH, Hof PR. 2007. Life and death of neurons in the aging cerebral
cortex [J]. Int Rev Neurobiol, 81: 41-57.

Movshon JA, Adelson EH, Gizzi MS, Newsome WT. 1986. The analysis of
moving visual patterns [J]. Exp Brain Res, 54(Suppl 2): 117-151.

Newsome WT, Pare EB. 1988. A selective impairment of motion perception
following lesions of the middle temporal visual area (MT) [J]. J
Neurosci, 8(6): 2201-2211.

Norman J F, Ross HE, Hawkes LM, Long JR. 2003. Aging and the
perception of speed [J]. Perception, 32(1): 85-96.

Peters A, Morrison JH, Rosene DL, Hyman BT. 1998. Feature article: are

D0 Dy REF R AT e GABA eI R G 1)
BT 2

AR NAEIZ S UM RZ 2h iR . %0 FR I
i (Habak & Faubert, 2000; Tran et al, 1998; Trick
& Silverman, 1991; Willis & Anderson, 2000), fijiX
L6 32 ) 05 A G TR ) R ORI K i e 16 7 1 e
PEANNL . AT Z TR MT X 41 i D) 5E 1) 3£
IRATREFE T izt 3R, B MT X 411 1)
REFEIR W] e 2 5 BUE A R KRz 3l Jn it B AL 1 i
Kz —.

neurons lost from the primate cerebral cortex during normal aging? [J].
Cereb Cortex, 8(4): 295-300.

Peters A, Rosene DL, Moss MB, Kemper TL, Abraham CR, Tigges J, Albert
MS. 1996. Neurobiological bases of age-related cognitive decline in
the rhesus monkey [J]. J Neuropathol Exp Neurol, 55(8): 861-874.

Roelfsema PR, Tolboom M, Khayat PS. 2007. Different processing phases
for features, figures, and selective attention in the primary visual cortex
[J]. Neuron, 56(5): 785-792.

Schmolesky MT, Wang Y, Pu M, Leventhal AG.,, 2000. Degradation of
stimulus selectivity of visual cortical cells in senescent rhesus monkeys
[J]. Nat Neurosci, 3, 384-390.

Snowden RJ, Kavanagh E. 2006. Motion perception in the ageing visual
system: minimum motion, motion coherence, and speed discrimination
thresholds [J]. Perception, 35(1): 9-24.

Spear PD. 1993. Neural bases of visual deficits during aging [J]. Vision Res,
33(18): 2589-2609.

Spear PD, Moore RJ, Kim CB, Xue JT, Tumosa N. 1994. Effects of aging
on the primate visual system: spatial and temporal processing by lateral
geniculate neurons in young adult and old rhesus monkeys [J]. J
Neurophysiol, T2(1): 402-420.

Thiele A, Distler C, Korbmacher H, Hoffmann KP. 2004. Contribution of
inhibitory mechanisms to direction selectivity and response
normalization in macaque middle temporal area [J]. Proc Natl Acad Sci
USA, 101(26): 9810-9815.

Tigges J, Gordon TP, McClure HM, Hall EC, Peters A. 1988. Survival rate
and life span of rhesus monkeys at the Yerkes regional primate research
center [J]. Am J Primatol, 15(3): 263-273.

Tran DB, Silverman SE, Zimmerman K, Feldon SE. 1998. Age-related
deterioration of motion perception and detection [J]. Graefes Arch Clin
Exp Ophthalmol, 236(4): 269-273.

Treisman AM, Gelade G. 1980. A feature-integration theory of attention [J].
Cogn Psychol, 12(1): 97-136.

Trick GL, Silverman SE. 1991. Visual sensitivity to motion: age-related
changes and deficits in senile dementia of the Alzheimer type [J].
Neurology, 41(9): 1437-1440.

Willis A, Anderson SJ. 2000. Effects of glaucoma and aging on photopic and
scotopic motion perception [J]. Invest Ophthalmol Vis Sci, 41(1): 325-335.

Wist ER, Schrauf M, Ehrenstein WH. 2000. Dynamic vision based on motion-
contrast: changes with age in adults [J]. Exp Brain Res, 134(3): 295-300.

Wong TP. 2002. Aging of the cerebral cortex [J]. McGill J Med, 6: 104-113.

Yang Y, Zhang J, Liang Z, Li GX, Wang YC, Ma YY, Zhou YF, Leventhal
AG. 2009. Aging affects the neural representation of speed in Macaque
area MT [J]. Cereb Cortex, 19(9): 1957-1967.

Yu S, Wang Y, Li X, Zhou Y, Leventhal AG. 2006. Functional degradation of
extrastriate visual cortex in senescent rhesus monkeys [J].
Neuroscience, 140(3): 1023-1029.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


